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Foreword 

When rising populations put pressure on limited land and other natural re­
sources, the result—in the absence of technological and institutional innovations 
—is poverty and unsustainable use of natural resources. Poor farmers who 
suffer from food shortages and food insecurity often seek to expand cultivation 
by cutting down trees. Such deforestation is common in poor regions of devel­
oping countries, and it seriously degrades the natural resource base. To achieve 
sustainable development, policymakers urgently need knowledge on how to 
prevent excessive use of natural resources, enrich the natural resource base, and 
reduce food insecurity and rural poverty. The International Food Policy Re­
search Institute (IFPRI) aims to provide such knowledge for the purpose of sup­
porting appropriate policies. We recognize that there is still a huge gap between 
what we know and what we need to know to achieve sustainable management 
of natural resources and food security. 

In 1993 IFPRI initiated research on land tenure and the management of 
land and trees in a number of countries in Africa and Asia. The research fo­
cuses on how land tenure or land rights institutions affect the use and alloca­
tion of natural resources. Researchers have collected detailed data from com­
munities and households, because taking practical steps toward achieving 
sustainable development requires information on how these groups, who ulti­
mately determine the institutions governing the use of natural resources, be­
have. Study sites were located in seven countries and characterized by differ­
ent physical, social, and political environments. Generally, however, the sites 
consist of agriculturally marginal, hilly and mountainous areas, where people 
are commonly very poor and where tree resources are important components 
of people 's livelihood. 

In the summer of 1998, collaborators, representative researchers in the 
countries covered by the project, and experts in natural resource management 
gathered at an international workshop at Tokyo Metropolitan University. Pre­
liminary results of the country case studies were reported, and constructive and 
insightful discussions took place. Land Tenure and Natural Resource Man­
agement presents the final research findings of the project. 

xix 



xx Foreword 
The book makes clear that to reduce poverty and exploitative use of natu­

ral resources, it is imperative to manage natural resources more efficiently. The 
fundamental research question, then, is how to identify economic, social, and 
political forces conducive to an efficient outcome. This book answers the ques­
tion by means of international collaborative research, and its findings make im­
portant contributions to the literature on natural resource management. 

Not only does Land Tenure and Natural Resource Management add to 
scientific knowledge, but even more important, it contributes to the formation 
of sensible development policies. Policymakers who seek to achieve sustain­
able development have had difficulty devising appropriate policies to reverse 
unsustainable trends, as they have too little information on the role of land 
tenure institutions in managing natural resources and on how these institutions 
are changing. The final chapter summarizes critical policy implications in a way 
that policymakers and other noneconomists can grasp. We anticipate that this 
book will stimulate further discussions among a large circle of researchers and 
policymakers on the most appropriate policies for the sustainable development 
of agriculturally marginal areas. 

Per Pinstrup-Andersen 
Director General 
International Food Policy Research Institute 



Preface 

This volume represents a synthesis of the multicountry collaborative research 
project titled "Land Tenure and the Management of Land and Trees: Commu­
nity and Household Case Studies from Asia and Africa," organized by the In­
ternational Food Policy Research Institute (IFPRI). Although there has been 
considerable recognition of land degradation and deforestation at the global 
level, we felt that hardly any attention had been given to understanding these 
changes and their causes at the landscape and household level. Therefore, these 
undesirable trends were likely to continue unless solid quantitative research 
was undertaken to identify fundamental causes of natural resource problems 
and options for their solution. We formed this study around the issue of prop­
erty rights, a key factor in achieving efficient long-term management of forest-
land, rangeland, and farmland, as well as tree resources and other minor forest 
products. 

The guiding principle of this project is "generalization through rigorous 
analysis of quantitative field data." In order to derive generalizable conclusions, 
this project covers such diverse areas as southwestern Ghana, north-central 
Uganda, almost the whole of Malawi, western Sumatra (Indonesia), northern 
Vietnam, both hill and inner Tarai regions of Nepal, and central Japan. Since 
land tenure is highly complex and elusive, there was a danger that such wide ge­
ographical coverage might prevent a sufficiently deep understanding of reality. 
We therefore sought the most knowledgeable and determined collaborators in 
each site. The collaborators spent many days at the research sites to grasp the 
structure of the land tenure institutions and the practice of natural resource 
management, identify the most critical issues, and ensure the collection of high-
quality data. During a series of formal and informal surveys, all the collabora­
tors made every effort to facilitate dialogues on facts, theories, and methodolo­
gies. Together they developed appropriate insights, translated the insights into 
testable hypotheses, and designed appropriate survey methodologies. Added to 
this, the project coordinator spent more than six months in the field. 

A unique feature of this study is the use of primary data sets collected by 
different survey methodologies and the combined use of secondary data and 

xxi 



xxii Preface 
data based on aerial photographs, wherever these were available (that is, in 
Japan, Malawi, Nepal, and Uganda). Also unique was the attention paid to dy­
namics and the measurement of changes in land use and natural resources. In 
fact, we conducted (1) extensive community surveys, (2) extensive forest sur­
veys, (3) supplementary brief individual household surveys, (4) intensive 
household surveys in selected communities, and (5) intensive forest user sur­
veys. Justification for each survey methodology is provided in the text. It 
suffices here to point out that we attempted to apply the most suitable survey 
methodology for the issues addressed with due consideration of the availabil­
ity of aerial photographs and other secondary information. We are aware that 
new high-resolution satellites will greatly enhance the ability to measure 
changes in the quantity and quality of natural resources in the future. We hope 
that the survey methodologies developed in this volume will stimulate further 
quantitative research on why such changes have occurred and how they may be 
modified through policy and institutional change. We are hopeful that the com­
pilation of quantitative case studies will eventually help resolve the problem of 
natural resource management in agrarian communities in developing countries. 

This volume focuses on the two major land tenure institutions, the cus­
tomary land tenure institution and the common property system. These institu­
tions are by no means static, rigid, and culturally predetermined; they are sub­
ject to change. What are their characteristics? What factors affect the evolution 
of these institutions? What are the consequences of such evolutionary changes 
on land use and natural resource management? Are customary land tenure in­
stitutions efficient in allocating land and other natural resources? Under what 
conditions is the common property regime viable and efficient in forest resource 
management? These are some of the key issues to be addressed in this study. 

An originally unexpected but possibly important contribution of this vol­
ume may be to elucidate the similarity and the commonality of the land tenure 
issues and natural resource management across Africa and Asia. In order to 
draw broad conclusions on institutional changes and their consequences on eco­
nomic development, we now believe that a comparative study of Africa and 
Asia is useful. For instance, we found many similarities in the evolution of cus­
tomary land tenure institutions and its consequences in Ghana and Sumatra. A 
comparison of common property forest management in Japan, Nepal, and 
Malawi was useful to identify the effectiveness and the limitation of common 
property forest management. It seems to us that excessive geographical divi­
sion of labor exists between African and Asian specialists in our professions. 

We have benefited from useful comments and suggestions at various stages of 
research from numerous researchers, government officials, farmers, and village 
chiefs. In particular, we would like to acknowledge the support and encour­
agement we received from Per Pinstrup-Andersen, Pedro Sanchez, Peter 
Hazell, Yujiro Hayami, and Alain de Janvry. Special thanks are due to partici-
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pants in the Tokyo workshop held in June 1998: Aulia Aruran, Iwan Azis, 
George Benneh, Robert T. Deacon, Peter Dewees, Jonna P. Estudillo, Gershon 
Feder, Nobuhiko Kaho, Michael Kirk, W. Kisamba-Mugerwa, Govind P. 
Koirala, Masanori Kondo, Takashi Kurosaki, William Magrath, Douglas 
McGuire, Yasuhiro Mitshui, Motoe Miyamoto, Davies Ng'ong 'ola , John Pen­
der, Brent Swallow, Ganesh Thapa, and Dao The Tuan. We have also benefited 
from comments and suggestions from Robert Allen, John Aluma, Masahiko 
Aoki, Brad Barham, Hans P. Binswanger, Jutta Breyer, Daniel W. Bromley, 
Michael Carter, Ian Coxhead, Partha Dasgupta, Gaurav Dart, Robert E. Even-
son, Marcel Fafchamps, Bob Green, Merilee S. Grindle, N. S. Jodha, D. Gale 
Johnson, Ramon Lopez, Ruth Meinzen-Dick, Vincent Mkandawire, Yair 
Mundlak, Ken Neils, Jeffrey Nugent, Elinor Ostrom, Robert Paarlberg, Jean-
Philippe Platteau, Gustav Ranis, Thomas Reardon, Sherman Robinson, 
Mark Rosegrant, Scott Rozelle, Elizabeth Sadoulet, Sara Scherr, T. Paul 
Schultz, Tetsushi Sonobe, T. N . Srinivasan, Steve Vosti, Michael Wohlgenant, 
and Manfred Zeller. Finally, we would like to express our gratitude to Ellen 
Payongayong for assistance in data collection and processing and Beverly 
Abreu, Audrey Abernathy, and Heidi Fritschel for editorial assistance. 

This project has been supported by a research grant from the Government 
of Japan to IFPRI and supplementary grants from the Danish International De­
velopment Agency (DANIDA), the Department for International Development 
(UK), the Rockefeller Foundation, and the Sumitomo Foundation. 

This research project began in October 1993, when the two coeditors were 
brought together by Peter Hazell. Peter displayed his unsurpassed wisdom and 
judgment in helping to formulate and guide this project. Without his support, 
this project would not have been possible. We dedicate this book to Peter Hazell 
to express our sincere appreciation and the respect we have for him. 
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PARTI 

Introduction 





1 Issues and Theoretical Framework 
KEIJIRO OTSUKA AND FRANK PLACE 

In much of the developing world, poverty remains as much of a problem in the 
early twenty-first century as it did several decades ago. Poverty is particularly 
acute in rural areas, where it is estimated that approximately 80 percent of the 
poor in developing countries currently reside (World Bank 1990). Annual 
growth in agriculture value-added in low-income countries (excluding China 
and India) was 3.0 percent in the 1980s and 2.5 percent in the 1990s, which was 
on average only slightly above the rural population growth rate (World Bank 
2000). High population growth rates coupled with poor performance within 
nonagricultural employment sectors has created unprecedented pressure on ru­
ral natural resources (Cleaver and Schreiber 1994; Hayami 1997), resulting in 
the conversion of ever more marginal lands into agriculture. Several decades of 
conversion and lackluster agricultural performance have left the majority of ru­
ral areas, particularly those in Sub-Saharan Africa, in states characterized by 
low-input and low-output agriculture with depleted soil bases and depleted sup­
plies of fuelwood and other tree products. 

The conversion and degradation of forests and woodlands continue, 
though rates have abated somewhat in certain regions. Loss in forestland was 
estimated at 0.9 percent per year throughout the 1980s and 0.7 percent in the 
1990s in Africa (World Resources Institute et al. [hereafter cited as WRI] 
1998). It is estimated that between 1960 and 1990, 30 percent (of 1960 levels) 
of tropical forests were cleared in Asia and 17 percent in Africa (WRI 1998). 
Pressure on woody land remains strong owing to demand for agricultural land, 
logging, and energy needs. Little progress has been made in replacing wood as 
the primary source for energy in Africa (World Bank 1996). 

Land use change need not be alarming if the new uses are productive and 
sustainable. However, there is strong evidence that much land has become de­
graded. Overgrazing has been the chief culprit of land degradation in Africa, 

We are particularly grateful for valuable comments on an earlier version by Michael Carter, Per 
Pinstrup-Andersen, Partha Dasgupta, Sherman Robinson, N. S. Jodha, Merilee S. Grindle, and 
Robert Paarlberg. 
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4 Keijiro Otsuka and Frank Place 
contributing to more than 200 million hectares of degraded land (WRI 1998). 
Agricultural land has been subjected to degrading practices as well, and nearly 
40 percent of such land worldwide has been estimated to be degraded (WRI 
1998). Degraded agricultural land amounts to 120 million hectares in Africa 
and slightly more than 200 million hectares in Asia. Degradation occurs in the 
form of erosion, mainly due to rain-induced runoff, and soil quality loss. Stoor-
vogel, Smaling, and Janssen (1993) estimate large annual nutrient losses from 
African soils accumulating to 660 kilograms of nitrogen and 75 kilograms of 
phosphorus per hectare over a 30-year period. This is mainly due to continued 
cultivation with very limited use of nutrient inputs by farmers. 

These gloomy natural resource trends are serious well beyond their envi­
ronmental implications: they jeopardize the already fragile livelihoods of rural 
households in the developing world. Poor households in many marginal areas 
are no longer able to open up new lands because forests and woodlands have 
disappeared in previous massive conversion into agriculture. Farmers are also 
no longer able to practice traditional long fallows because of reduced farm 
sizes. They also have difficulty obtaining drinking water, fuelwood for cooking 
meals, and other basic forest resources. The result is greater expenditure of la­
bor (or scarce cash) for the acquisition of inferior resource products (for ex­
ample, lower-quality fuelwood). 

Since the attainment of strategies for urban and rural nonfarm develop­
ment continues to be beyond the short-term reach of many countries, many 
communities and policymakers are now realizing the vital importance of main­
taining the integrity of the rural natural resource base. In most developing coun­
tries, policymakers are thus now grappling with creating a policy environment 
that fosters economic growth and provides opportunities for the poor to escape 
from poverty while also maintaining or enhancing the natural resource base. 
The major information gap in achieving this difficult task is a lack of under­
standing of how policies affect the management of the natural resource base. 

In the remainder of this chapter, we first motivate the importance of the 
study of property rights in the context of natural resource management. Second, 
we highlight what we feel are the important contributions that this study brings 
to the base of knowledge on these issues. Next, we specify major research ob­
jectives and develop a general theoretical framework, leading to the develop­
ment of our major hypotheses. 

The Critical Role of Property Rights 
Getting property rights institutions correct is the most compelling policy to re­
solve at the outset (Deacon 1994). This is so because property rights affect the 
way in which other policies will work. In the extreme, if there are no property 
rights over a resource—that is, if there is a situation of open access—changes 
in prices and other policies will do little to overturn the strong incentives for 
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mining this resource before others deplete it. Similarly, in areas where property 
rights over surrounding resources are poorly defined, road construction may 
lead to massive resource degradation. In contrast, when property rights are well 
defined, the development of roads can lead to improved management of the re­
source base, and users can profit from improved access to markets. 

The use and allocation of forestlands, woodlands, rangelands, and crop­
lands are governed by property rights institutions or land tenure systems, rang­
ing from communal ownership of land to state ownership, common property, 
and private ownership.1 Individual land rights under the communal system are 
restricted. The usufruct right of individual members of the community is usu­
ally established, but the rights to transfer, including sales and leasing, are vested 
in the extended family, clan, or community. Individual land rights are gener­
ally more restricted under state ownership, whereby nobody has clear rights to 
use the state-owned land, unless the state grants clear property rights to indi­
viduals, such as through a leasehold. Likewise, the rights of individuals are re­
stricted by the larger group under a common property regime. It is clear that the 
incentives to preserve natural resources and to invest in trees and other land im­
provements for future benefits will be thwarted without well-established prop­
erty rights, be it individual, family, or group ownership, simply because the fu­
ture benefits will not otherwise accrue to those who manage them (Mendelsohn 
1994). As populations grow and markets penetrate into rural areas, demand for 
individual property rights over resources grows, and the communal and state 
ownership systems face serious difficulties. 

This does not necessarily imply that a private ownership system with clear 
land title is socially most desirable. For example, negative externalities, such 
as soil erosion, may arise under the private ownership system, when forestlands 
are opened up and newly brought into cultivation. Private ownership may cre­
ate an inequitable distribution of the benefits from natural resources. Further­
more, farmers may not be able to protect their own properties if it is costly to 
exclude other users. By definition, this is likely to be the case if resources are 
common-pool type, that is, those resources for which exclusion of nonowners 
from use is difficult or costly. In these cases, common property regimes with 
communal rules and regulations on the use and extraction of natural resources 
may be socially more desirable (Gardner, Ostrom, and Walker 1990; Ostrom 
1990). 

The management of nonagricultural natural resources interacts with agri­
culture in a number of ways. The management of forests, woodland, and range-
land affects the efficiency of crop farming through the supply of animal feeds 
leading to draft power and manure and through their effects on the production 
environment (for instance, soil erosion). On the other hand, forests and wood-

1. There is no established taxonomy of property rights institutions in the literature. See sub­
section "Characteristics of Land Tenure Institutions" below. 
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lands compete with grazing and cropland, as they are alternative ways of using 
land (for example, Kaimowitz 1995). When the food supply is insecure, poor 
farmers tend to destroy forests to expand crop area or overuse rangeland to in­
crease livestock production. Forests and woodlands can also harbor pests and 
rodents that are harmful to livestock and crop production. Thus, there are clear 
links between property rights on nonagricultural land and the management of 
agricultural land. The linkage between poverty, intensification of agriculture, 
and natural resource management is a key issue that needs urgent analytical at­
tention (Pinstrup-Anderson and Pandya-Lorch 1994). 

The Contribution of This Study 
While the data depicting natural resource problems are profuse and striking, 
they are often not sufficiently detailed to provide policymakers with useful rec­
ommendations. One of the valuable contributions of this study will be to pro­
vide clearer indicators of natural resource problems, most especially as they 
pertain to the management of trees and agricultural land. For instance, national-
level deforestation rates, the most widely publicized indicators of forest man­
agement, are useful in demonstrating potential problems but, because of highly 
varying situations within countries, not very useful in developing solutions. 
Only by determining the conditions under which relatively more excessive de­
forestation is taking place can one then begin to identify more fundamental 
causes. This in turn requires a focus at an appropriate scale, certainly below that 
of a nation and above that of a household. 

For the sake of identifying causes of inefficient uses of land and trees, this 
multicountry comparative study goes well beyond the current state of knowl­
edge, in terms of both statistical rigor and breadth of geographical coverage. 
The combined use of community and household studies integrating informa­
tion from remote sensing and surveys is unique. Further, the quantification of 
the information ensured that rigorous statistical testing of hypotheses could be 
carried out. Finally, the wide geographical coverage of the study enabled the 
inclusion of a variety of property rights institutions and dynamics, basic agro-
ecological conditions, and natural resource management strategies. Without 
such a broad scope it would have been difficult to draw more broadly relevant 
conclusions given that property rights systems are notoriously subject to dif­
ferences on a case-by-case basis. 

In general, the study provides voluminous and timely information on the 
likely effects of various types of policies on the way natural resources are man­
aged. The range of analyses covers issues of efficiency, conservation, sustain-
ability, and equity implications of natural resource management under differ­
ent tenure arrangements. Among the policy variables examined are alternative 
property rights and collective action institutions, access to infrastructure and 
markets, migration and population, and the introduction of new technology. 
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FIGURE 1.1 Country locations of project sites 

Of these, the study provides most illuminating understanding in the area 
of the evolution of property rights and consequences of different property rights 
institutions on the management of land and trees. Specifically, the study pro­
vides information on the effectiveness of various national-, local-, and even 
household-level property rights institutions and arrangements. Because of the 
diversity of sites across two continents, Asia and Africa, some of the property 
rights arrangements may be new to the reader and thus stimulate more thought 
on attempting to analyze and address important property rights issues in their 
sites of interest. 

In short, the purpose of this multicountry study is to explore the causes and 
consequences of the choice of land tenure institutions and the role of collective 
action in the management of land and trees with special reference to the inter­
action with agriculture. As study sites we have selected northern Vietnam, cen­
tral Uganda, western Sumatra, western Ghana, almost the whole area of 
Malawi, and the hill and inner Tarai regions of Nepal in view of the diversity 
of land tenure institutions (see Figure 1.1 for location). In the last phase of the 
project, we added the case of postwar Japan to supplement the analysis of com­
mon property forest management. We attempt to deal with the cases of forest, 
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woodland, rangeland, and cropland management simultaneously because of 
their interactions in time and space occurring naturally and accelerated by hu­
man management decisions over natural resources. After providing a basic an­
alytical framework in this chapter, we explore principal reasons why different 
land tenure institutions prevail in different countries in Chapter 2. 

Our methodology is based on a synthesis of the evolutionary model of 
farming systems developed by Boserup (1965), Ruthenberg (1980), Pingali, 
Bigot, and Binswanger (1987), and Mclntire, Bourzat, and Pingali (1992); a 
theory of property rights developed by Demsetz (1967) and Alchian and Dem-
setz (1973); and a theory of induced innovation developed by Hayami and Rut-
tan (1985) and Hayami (1997). The former two models can be considered as 
specific applications of the induced institutional innovation model, which pro­
vides the general analytical framework. Boserup's study is concerned with the 
evolution of farming systems from land-using shifting cultivation to land-
saving intensive farming when population increases over time. Her argument, 
however, is incomplete. Although investment is required to establish intensive 
farming systems (for example, investment in the construction of irrigation fa­
cilities, terracing, and tree planting), insufficient attention is paid to incentive 
systems that ensure that the appropriate investments are made. Demsetz 's and 
Alchian's study focuses on the evolution of property rights institutions from 
loosely administered open access to private ownership when natural resources 
become scarce. None of the models, however, considers the evolution to a com­
mon property regime. We attempt to integrate positive theories of common 
property resource management advanced by Runge (1981,1984, 1986), Wade 
(1987, 1988), and Ostrom (1990, 1994), among others, into our analytical 
framework. Thus, our framework is designed to be general and capable of ex­
plaining evolution of property rights institutions, changing roles of collective 
action, and their consequences on the efficiency of farming and natural resource 
management. 

Research Objectives 
This multicountry study has five basic research objectives. The first and primary 
objective is to explore quantitatively the effects of various land tenure institu­
tions on investments in and the efficiency of forest, woodland, agroforestry, and 
cropland management. Despite the widely recognized importance of land 
tenure institutions in the management of natural resources, the extent and ways 
in which the former affect the latter are not well understood, especially outside 
agriculture. This study attempts to assess quantitatively the efficiency of natu­
ral resource management as much as possible. Note that the term efficiency is 
used broadly throughout this book to encompass technical or production 
efficiency, the allocative efficiency of variable inputs, and the efficiency of in­
vestments, from the viewpoint of local communities and households. We do not 
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explicitly analyze regional, national, or global externalities associated with the 
natural resource management. 

Land tenure systems in many developing countries have been historically 
shaped by governments through land laws and regulations (Peluso 1992). These 
include the nationalization of land, restrictions on land sales and leasing, land 
consolidation, and creation of collective farms. Large absentee landlordism, in­
secure tenure due to the lack of clear ownership rights, and state ownership, 
which are potentially detrimental to the conservation of natural resources and 
agricultural production, are often consequences of these land tenure policies. 
We pay special attention to the effects of these policies on the efficiency of nat­
ural resource management and agriculture, particularly in the context of north­
ern Vietnam, where state ownership of land and collective farming have been 
replaced by individualized ownership and farming systems, and Uganda, where 
large private land ownership systems were created by colonial governments in 
the midst of communal land. 

The second objective of this study is to identify major factors affecting the 
evolution of customary land tenure institutions. Customary or communal land 
tenure institutions are dynamic. Recent research suggests that the system of 
communal or family land rights on cultivated agricultural fields tends to evolve 
toward greater privatization with population growth and greater commercial­
ization in many parts of Sub-Saharan Africa (Bruce and Migot-Adholla 1994). 
No rigorous statistical analysis, however, has been attempted. Furthermore, to 
our knowledge, no comparable attempt has been made to quantify the changes 
in land tenure institutions on forestland, woodland, and rangeland in response 
to changing external conditions. We address this issue in the light of experience 
of western Ghana, western Sumatra, and Malawi. On the other hand, funda­
mental features of land tenure institutions in Vietnam and Uganda have been 
exogenously imposed by governments. 

If degradation of natural resources leading to unsustainable development 
takes place under customary land tenure systems, such systems may give rise to 
new property rights systems that are conducive to conserving the use of natural 
resources and promoting their regeneration (Feder and Noronha 1987). Casual ob­
servation suggests that land rights in forest- and grazing lands do evolve toward 
privatization (Ault and Rutman 1979).2 This, however, is not always the case; 
communal land tenure institutions or loosely managed common property systems 

2. Platteau (1996) criticizes the evolutionary theory of property rights proposed by Demsetz 
(1967) and Alchian and Demsetz (1973), among others, as applied to Sub-Saharan Africa on the 
ground that the property rights institutions did not evolve toward complete private property with 
land titling. Privatization or individualization in this study implies any changes that enhance prop­
erty rights of individuals (for instance, changes from joint ownership by extended family to that by 
siblings) without any regard to land titling, which is beyond the control of local communities. In 
other words, we place more emphasis on customary tenure rights than on statutory rights in view 
of the former's practical importance. 
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sometimes evolve toward common property regimes with strict control of natural 
resource extraction. Such a case is widely observed in the hill region of Nepal. 

If land tenure institutions evolve toward their social optimum with popu­
lation growth and commercialization of agriculture, there will be little need for 
policy interventions in land rights systems. On the other hand, if inappropriate 
land rights institutions tend to persist, or if they move in the wrong direction, 
effective policy options must be sought. 

It is important to realize that how smoothly traditional land tenure regimes 
(such as communal and state ownership) evolve toward new regimes (such as 
private ownership and common property including user group management 
systems) often depends on the effectiveness of collective action. In order to pro­
tect private or common property, new rules of ownership must be understood, 
agreed on, and enforced by community members.3 

Collective action is essential for establishing and enforcing rules of re­
source access, use, and management under common property regimes; without 
it, common property systems deteriorate into open-access situations with degra­
dation of the resource a likely outcome (Ostrom 1990; Bardhan 1993a, 1993b; 
Nugent 1993). Various forms of collective action are also important in coordi­
nating and regulating the use of private property and even play a considerable 
role in the actual use of state properties. The nature and strength of collective 
action for natural resource management vary considerably, depending on the 
structure of incentives and transaction costs governed by community norms, 
culture, and tradition (Hayami 1997). We undertake case studies in Nepal and 
Japan to analyze the role of collective action in community forest management. 

The third objective of this study is to analyze and quantify the impact of 
various collective action institutions on the efficiency of natural resource man­
agement, particularly under common property systems. Although theoret­
ical literature supporting the idea of common property as an effective social 
organization abounds (for example, Runge 1981, 1984, 1986; Bromley 1992; 
McKean and Ostrom 1995; Baland and Platteau 1996), there are relatively few 
empirical studies on the efficiency of common property resource manage­
ment.4 Among these, impact studies that properly control for the effect of other 
conditions, such as physical infrastructure and market conditions, are rare. 
Identifying the enabling conditions under which collective action is likely to 
emerge and be sustained contributes to our understanding of resource man-

3. The role of government in formally implementing and enforcing private-property insti­
tutions through land titling and the establishment of adjudication systems is emphasized in the lit­
erature (Feder and Feeny 1993). But in practice the ability of government in land administration is 
often limited, and the litigation is costly, so that the community mechanism of enforcing agree­
ments based on collective action must play a role in implementing and enforcing property rights 
institutions (Atwood 1990). 

4. See, however, contributions by Jodha (1986), Wade (1988), Ostrom (1990), Azhar (1993), 
Wilson and Thompson (1993), and White and Runge (1994). 
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agement practices. Nepal and Japan are the primary countries in which this ob­
jective is tested. 

The fourth objective of this study is to examine the effect of land tenure 
institutions on the distribution of land resources. Because customary tenure in­
stitutions have been noted to provide a relatively equitable distribution of land 
to rural households, changes in these property rights systems raise concerns 
over land concentration. In fact, however, equitable land distributions can be 
easily maintained under customary tenure systems only when land is abundant. 
When land becomes scarce, it is an empirical question as to whether individu­
alization of land rights institutions under communal tenure systems or the es­
tablishment of common property promotes or discourages concentration of 
landholdings or benefits obtained from land and tree resources. Communal 
tenure systems are not alike, and they will not have uniform effects on the dis­
tribution of land. For instance, farm sizes may be reduced faster under inheri­
tance systems prone to encourage more claimants, such as matrilineal systems 
that may permit daughters and nieces to make legitimate claims to the same 
piece of land. State intervention in property rights law may also affect land dis­
tribution, as is the case when highly influential people are given access to large 
tracts of land. Thus, we assess the distributional effects of different property 
rights systems in Ghana and Indonesia. 

The fifth objective of this study is to assess the implications of land tenure 
institutions for equity. At the outset we must point out that most of our study 
sites lie within marginal, less favored, or low-potential areas, where the inci­
dence of poverty is generally high. The ultimate purpose of this study is to seek 
effective ways to reduce poverty by increasing the efficiency of land use and 
management in such areas based on proper understandings of the nature and the 
role of land tenure institutions. We also analyze how changes in land tenure in­
stitutions affect women 's status and how women 's status, wealth of farm house­
holds reflected in farm size, and the gender composition of family labor affect 
investment in trees and management efficiency of perennial and annual crop 
farming (in Ghana, Indonesia, and Malawi). 

Theoretical Framework 

Characteristics of Land Tenure Institutions 
In our empirical research, we classify land property rights into bundles of rights 
encompassing use, investment, exclusion, and transfer rights with and without 
permission from chief, family head, community organizations, and outside au­
thorities. Our study is designed to explore the perception of these rights by com­
munity members as distinct from externally created legal rights. These may 
then be classified into four major "pure types": (1) communal ownership, (2) 
state ownership, (3) individual or private ownership, and (4) common property. 
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The first and the last tenure institutions need explanations, as the differ­

ence between the two is not always clear and is often a source of confusion. Un­
der the communal ownership regime, primary forests and uncultivated wood­
lands are owned communally and controlled by an authority such as a village 
chief, whereas exclusive use rights of cultivated land are assigned to individ­
ual households of the community, and its ownership rights are held tradition­
ally by the extended family. The ownership of cultivated land, however, has 
evolved toward more individualized ownership over time. This system is alter­
natively called the customary land tenure institution. Land tenure institutions 
that are observed in Sumatra, Ghana, Uganda, and Malawi fall in this category. 
On the other hand, common property is defined by the joint use of resources 
such as forestland, woodland, or rangeland by a group of community members. 
Property is usually owned jointly, as in the case of community-owned forests 
and rangelands, but it may be owned individually and used jointly, as in the case 
of common grazing land under the open field system in England. The joint own­
ership and use are justified by the nonexcludable nature of forest resources, 
which makes it difficult for individual community members to protect proper­
ties effectively under private ownership. The distinction between communal 
ownership and common property is not made in Johnson (1972), Feder and 
Noronha (1987), and Feder and Feeny (1993). Demsetz (1967) and Alchian and 
Demsetz (1973) identify communal ownership with open access. 

Open access is considered to be a category of land tenure institutions by 
Feder and Noronha (1987), Bromley (1992), and Feder and Feeny (1993). We 
consider it more appropriate to regard open access as an extreme outcome of 
land management, which can theoretically occur under any land tenure regime. 
In fact, common property can be open access, if the community or a group of 
users do not manage it or if the resources are truly nonexcludable. There are 
also cases in which the use of common property forests is strictly regulated by 
community members, as in the case of selected forests in the hill region of 
Nepal. Uncultivated portions of communally owned land can also be regarded 
as common property, as they are owned by a group of people and used jointly 
for hunting and extraction of trees and minor forest products. In our study sites, 
however, this area is characterized by open access for the community members 
almost without exception. While private property is seldom open access (ab­
sentee owners are one possible exception), state-owned forests or woodlands 
are generally open access as a result of the inability of governments to enforce 
property rights. 

Further classifications within each tenure category are useful depending 
on the cases under examination. For example, under communal ownership, the 
rights to bequeath may or may not exist, and use rights may be established for 
joint families rather than individuals. State or public land may be managed by 
collective farms under the socialist-type regimes, occupied and used by squat­
ters with no effective restrictions, or managed as common property through 
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voluntary action of the community members. Tenure security under private 
ownership may differ considerably depending on whether land rights are 
legally established and protected by government or informally recognized and 
respected by community agreements. We empirically examine the importance 
of various rights in specific case studies. Nonetheless, as a conceptual guide, 
the broad classification will be useful. 
An Evolutionary Model of Property Rights Institutions 
A simplified version of our theoretical framework can be illustrated by assum­
ing that there are only two factors of production, land and labor, following 
Hayami and Ruttan (1985). Land represents natural resources, and it could be 
cropland (with or without irrigation), rangeland, woodland, or forestland. The 
central issue is how the stock of natural resources (both quantity and quality) 
changes with evolution of farming systems from extensive to intensive sys­
tems—or more generally from natural resource using to natural resource 
saving systems. Although for concreteness we consider the evolution from 
shifting cultivation to sedentary farming, the basic theoretical framework can 
be applied to the case of other natural resources management. 

Under shifting cultivation, food crops are usually grown for a couple of 
years after clearing forest, and a fallow period of varying length follows until 
next cultivation. As Boserup (1965) emphasizes, fallow land is not "unused" 
land; fallowing is a labor-saving method for restoring soil fertility. Under 
sedentary farming, either annual food crops or perennial tree crops are grown 
without long fallow periods. 

If initially population is scarce and land is abundant with vast areas of vir­
gin forests, people have little incentive to claim individual property rights in 
land, and, hence, the use of forest areas is unrestricted except for the exclusion 
of outsiders. The usufruct rights of individual members of the community are 
well established for cultivated fields, but the usufruct rights of fallow land is 
less clear, and the leader of the extended family or chief of the community 
sometimes determines its allocation to members of the group. Usually, usufruct 
rights are transferred from one generation to another in accordance with tradi­
tional inheritance rules. The individual rights to transfer, including sales and 
leasing, are restricted. 

Since land is abundant, it is cost-effective to practice shifting cultivation 
with sufficiently long fallow periods, which ensures complete restoration of soil 
fertility. Curve I0I0 in Figure 1.2 portrays the unit isoquant for an individual 
farmer to produce $ 1.00 worth of food crops by using land and labor under shift­
ing cultivation in period 0. Here we measure land input in terms of area "used" 
for cultivation, including fallow land, some of which may be secondary forest 
or woodlands, but excluding land that has never been cultivated. It is assumed 
for simplicity that the production function is subject to constant returns to scale, 
so that each technology or farming system is characterized by a single unit iso-
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FIGURE 1.2 A mode l of induced institutional innovat ion 

Land or natural 
resource requirement 
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quant. The relative factor scarcity may be indicated by relative factor price line, 
PQ.5 Then the optimum production point is given by EQ, where the production 
is assumed to be sustainable, that is, the production can continue to take place 
at this point with unchanged soil fertility. 

As population increases, however, land becomes scarce relative to labor. 
This process is accelerated in areas where in-migration is high. Because of 
inefficient markets or abundant supply, forest products are not traded for re­
quired food, and the growing population will require increasing area for agri­
cultural production. Larger areas of forestland are thus opened up, but the rate 
of area expansion eventually falls short of the growth rate of population. As a 
result, the scarcity value of land increases relative to labor, which is reflected 
in changes in relative factor price ratio from P0 to P1 in period 1. Accordingly, 
the optimum production point changes to EQ', so long as shifting cultivation 
continues to be practiced. Fallow period at E0' tends to be shorter than at EQ. 

As a result of the shorter fallow cycle, soil fertility declines, and farming 
becomes unsustainable at EQ', resulting in the shift of unit isoquant from IQIQ to 
/ J / J . Thus, the equilibrium point moves to Ey If shifting cultivation continues 
with the shortened fallow periods under increasing population pressure, pro-

5. Although a straight factor price line indicates the existence of perfect factor markets, such 
an assumption is unnecessary for our arguments. A critical assumption is that the slope of factor 
price curve becomes flatter as population pressure increases. 
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duction efficiency will further decline over time. Note that a large area of land 
is under fallow at E0 and that larger and less fertile land is cultivated at Ey 

Commercialization of agriculture may accelerate the process of change. 
Since commercialization will increase crop prices at the local level, demand for 
factors of production will increase, with the greatest increases in the prices of 
those factors whose supply is less elastic. To the extent that the supply of land 
is less elastic than labor, which is likely to be the case when virgin forests have 
been cleared, the relative price of land will increase. Commercialization will 
also increase the profitability of cultivation compared with fallow, thereby short­
ening the fallow period and reducing sustainability under shifting cultivation. 

During the processes of population expansion and increasing commer­
cialization, deforestation continues to take place, corresponding to an increas­
ing demand for cultivated land. Thus, as is illustrated by Path I in Figure 1.3, 
in which the horizontal axis measures either time or population density, the 
stock of natural resources—for example, biomass and timber volume—contin­
ues to be depleted in this process. 

An alternative to unsustainable farming under shifting cultivation and con­
tinued deforestation is to improve land quality by investing in land (for instance, 
construction of irrigation facilities or terracing) or by investing in trees (for ex­
ample, commercial trees, such as cocoa, rubber, coffee, and cinnamon). To 
maintain soil fertility under continuous growing of annual crops, new farming 
systems may be adopted involving the application of compost made from 
grasses and leaf litter collected from the forest and woodland, as well as ma­
nure.6 Relative to pure cropping systems, the productivity of tree-farming sys­
tems can be sustained for longer periods of time with lower application of or­
ganic or inorganic fertilizer primarily owing to their deeper and denser rooting 
systems and to their perennial ground cover. Because of the increasing use of 
labor and continuous cropping, new farming systems are labor-using and land-
saving. Thus, the unit isoquant corresponding to this farming system is depicted 
by curve I2I2 in Figure 1.2. 

Crops grown under the new farming system are likely to be different from 
crops grown under shifting cultivation. We can directly compare the efficiency 
of producing different crops in Figure 1.2, because we define the unit isoquant 
in terms of the combination of inputs necessary to produce $1.00 worth of out­
put regardless of which crops are grown. What types of crops will be grown 
will depend on, among other things, the natural environment and access to mar­
kets. For example, if an area is mountainous and sloping, tree crops are likely 
to have comparative advantage over food crops. If the area has good access to 
urban markets, production of fresh vegetables and fruits may have comparative 
advantage over storable products, such as grain, cocoa, and coffee. 

6. We can also consider application of commercial fertilizer. To do so, however, requires an 
extension of our model to the case with more than two inputs, which is straightforward but cum­
bersome. 



16 Keijiro Otsuka and Frank Place 

FIGURE 1.3 Evolutionary changes in stock of natural resources 
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Given a relative factor price of Pv the optimum is attained at E2 in Figure 
1.2 under the new farming system, at which production is assumed to be more 
profitable than at El and may be more profitable at E0' as well. There is no tech­
nological innovation; it is a matter of the choice of alternative farming systems 
by farmers. The shift fromiSj to E2, however, is not costless. As mentioned ear­
lier, physical investment, such as terracing and tree planting, is required to 
adopt the new farming system. Thus, it does not pay to adopt the new farming 
system unless the difference in the short-run profitability between the old and 
new systems warrants the cost of long-term investment. 

Furthermore, land tenure institutions must change in order to encourage 
investments. Since usufruct rights are not totally secure and transfer rights are 
restricted under traditional land tenure institutions, the expected returns to in­
vestment may be depressed: those who plant trees may not be able to reap the 
benefits because of tenure insecurity or an inability to bequeath the property to 
desired heirs or to sell the land freely if the need arises (Fortmann and Bruce 
1988; Besley 1995). This incentive issue is not considered in the Boserupian 
model. We hypothesize that in order to provide appropriate incentives to invest 
in land and trees, land rights institutions in cultivated land are induced to change 
through a demand-driven process toward greater individualization. As is 
demonstrated in our empirical studies in Chapters 3 to 6, in practice, efforts to 
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invest in tree planting are rewarded by strong individual land rights, if invest­
ment is socially profitable, according to customary land tenure rules. This is a 
built-in institutional innovation mechanism that makes it possible to arrive at 
socially more profitable farming systems. 

Another possible institutional development is the establishment of com­
mon property for those degraded secondary forests and remaining woodlands 
whose ownership or enforcement of property rights has been unclear. Some of 
these forests and woodlands might have been common property of the com­
munity without any management beyond the exclusion of outsiders, because 
of the continued and sufficient abundance of forest resources or the relatively 
low value of woodland products as compared with agricultural products. The 
new common property regime may be different from the traditional one in that 
the extraction of forest resources (not to mention the conversion to farmland) 
by community members is restricted by certain rules and regulations agreed 
on by themselves. 

Resource degradation, however, may continue without accompanying in­
tensification of farming systems. High costs of investment in land improve­
ments, poor returns from the investments, difficulties in organizing collective 
action, and high transaction costs or legal restrictions on the choice of property 
rights institutions may all inhibit innovative institutional responses, resulting in 
the delay of rehabilitation efforts and continued resource degradation. Possible 
examples are nationalization of forest areas, granting of leasehold and free­
hold titles to large holders, and suppression of tenancy contracts. These poli­
cies may prevent land tenure institutions from evolving, thereby adversely af­
fecting the efficiency of farming systems and natural resource management. 
The identification of factors affecting continuous degradation of natural re­
sources is a primary goal of this study. 

In sum, there are at least four possible pathways responding to increased 
scarcity of land and natural resources in our model: 

1. Privatization of property rights and investment in the improvement of land 
quality for annual crop farming 

2. Privatization of property rights and investment in trees for commercial tree 
crop or mixed tree/crop farming systems 

3. Establishment of common property forests with effective rules of man­
agement 

4. Continuous degradation of natural resources due to continued shifting cul­
tivation with shorter fallow periods, overexploitation of natural resources 
without development of effective community organizations, or conversion 
of forest and woodland to crop farms under extensive farming systems 

The first two developments are associated with changes in land tenure in­
stitutions toward more individualized systems. Whether individualized land 
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rights develop or a common property system emerges will depend on the ex­
tent of market failures under private-property rights systems and the costs and 
benefits of organizing collective action necessary to manage common property. 
For example, some types of forests are common-pool resources by nature, 
which are difficult to protect from theft (Grafton 2000). This would be the case 
if resources extracted from forests are such minor products as firewood, fodder, 
grasses, and leaf litter. In this case, even if ownership of forest land is priva­
tized, these minor resources cannot be protected cost-effectively. It may then 
be managed by a group of resource users under the common property regime, 
even though the choice of such regime is "second best" because of the cost of 
collective management. We presume that the common property system is not 
appropriate for food and tree crop farming, because the cost of protection un­
der private ownership regime is low relative to the benefits and relative to costs 
of preventing free riding under the common property system. The final path­
way is one of failure, and the community is unable to intensify land use. 

The implication of these arguments for changes in the stock of natural re­
sources may be explained by using Figure 1.3. Resources will be depleted over 
time with population growth, so long as community members have free access 
to the forest areas. But increases in population may induce successful changes 
in land rights institutions at period t*, after which the stock of tree and forest 
resources may increase following Path II (equivalent to pathway 2 or 3 above). 
Timing of the turning point will depend on the cost of implementing the insti­
tutional innovation, as well as the nature of the existing land tenure institutions 
(Anderson and Hill 1990). If pathway 1 is chosen, tree resources may continue 
to deplete along Path III, as secondary forest and bushland, which are fallow 
lands under shifting cultivation, will disappear. Yet investment in land im­
provement will be conducive not only to the conservation of soil fertility of the 
cultivated land but also to the preservation of remaining uncultivated forest ar­
eas located elsewhere. This is because increased food production from the same 
unit of land will reduce food prices, thereby reducing incentives to clear un­
cultivated forestland for the production of food crops. If pathway 4 is chosen, 
natural resources will continue to deplete along Path III. 

Among the factors influencing the choice of property rights institution and 
its evolution, in-migration seems to have played a significant role. First, by ac­
celerating the rate of population growth, migration has placed more pressure on 
local institutions to adapt to changing factor scarcities. Second, migrants often 
bring with them different knowledge of resource management, and this will cre­
ate the need for local institutions to facilitate or restrict these new practices ac­
cordingly. Finally, migrants may often come with their unique property rights 
institutions, such as inheritance rules, and these must somehow become inte­
grated with local rules. Thus, there is potential for increased conflicts with the 
influx of migrants. However, there are also great opportunities for institutional 
change as the migrants bring with them knowledge of alternative institutions. 
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We hypothesize that new land tenure institutions are induced to develop 

when the expected benefits of institutional change exceed the costs thereof. The 
expected benefits are assumed to be determined by efficiency gains associated 
with the institutional change; hence, they are determined, among other things, 
by population pressure and commercialization of agriculture. On the other 
hand, the costs are assumed to consist of reaching and enforcing new agree­
ments among community members. To the extent that the new institutional 
rules reduce social equity and stability, the cost associated with such institu­
tional transformation needs to be duly taken into account as well. 
Modeling the Impact of Property Rights Institutions 
on Natural Resource Management 
In the previous section, the linkage between the evolution of property rights in­
stitutions and natural resource management was highlighted. Because of the di­
versity of tenure institutions and the unique historical development of them, it 
is extremely difficult to model these dynamic processes in a unified and formal 
manner. On the other hand, the types of natural resource management decisions 
made by rural households are remarkably similar across countries, lending 
themselves more easily to modeling efforts. Thus, we depart from the dynamic 
interactive conceptualization of the previous section to take a more rigorous 
modeling approach to the consequences of property rights institutions on natu­
ral resource management. This is important, for the additional insight it pro­
vides is critical in the formulation of specific hypotheses regarding the antici­
pated effects of different property rights systems on natural resources. 

In this section, we develop a model for analyzing two types of natural re­
source management decisions undertaken by rural households: (1) long-term 
tree investments made on agricultural land and (2) conversions of forests and 
woodlands to agricultural land. We could also construct a more comprehensive 
model, which also considers the choice of agricultural land for shifting culti­
vation of food crops and tree crop cultivation. Such a model, however, is un­
duly complex. 

To analyze these two decisions, we use a three-period model in which de­
cisions to convert are made in period 0 and decisions to invest in farms are made 
in period 1. Farmland is cultivated in periods 1 and 2, and the two production 
periods allow for trade-offs between short-term production and investment. 

Agricultural land accrues a profit of IIAi (z = 1, 2) in periods 1 and 2 fol­
lowing conversion in period 0. We assume that the profit grows or shrinks at 
the rate of a from period 1 to 2: 

nM = UAl{\+a), (1) 
where a depends on productivity and price changes and is determined by the 
profit-maximizing behavior of the cultivator and will reflect investment in or 
mining of agricultural land resources. 
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Now we introduce the possibility for investment on the land. For simplic­

ity, we assume that the household may make one type of investment, tree plant­
ing. It is assumed that tree planting in period 1 entails a cost of wlT where w is 
the wage rate and lT is the labor used for tree planting. Further, it is assumed 
that the planting of trees, designated by T, is a productive investment that leads 
to a higher growth rate of profits at diminishing rate, that is, da/dT > 0 and 
a2oc/3T2 < 0. 

Future benefits are discounted because of time preference and the risk of 
losing rights over future benefits from farmland, which can happen in several 
different scenarios across our study sites. Equation (2) allows for the possibil­
ity that by investing in tree planting households may reduce the probability of 
losing rights to the land (p) in periods 1 and 2 (that is, dpIdT < 0).7 The man­
ner by whichp is affected by T depends on land tenure rules. Later, we discuss 
the types of situations among our study sites in which such possibilities exist. 
The present value of the profit from agricultural land (n^0) is: 
UAO = ^ , [ ( 1 -Pi?)) / (1 + r) + (1 + a(7)) (1 -p(T)f I (1 + rf] 

- w y ( l + r ) , (2) 
where r is the discount rate. 

First we consider an investment in tree planting. A household will maxi­
mize (2) with respect to / r ' 
an^0/81r= (3oc/3T)(3T/31r)n^1(l -pf I (1 + rf 

- (dp/dT)(dT/dlT)UA11 (1 + r) 
- (dp/dT)(dT/dlT)2TlAl(l + a ) ( l -p) I ( l + rf - w/(l +r) = 0. (3) 

Equation (3) shows that the optimal amount of labor invested in tree plant­
ing balances the first three positive terms against the fourth negative term. The 
first term shows that the larger the tenure security as reflected in smaller p, the 
greater the expected profit accrued to the cultivator from tree planting. Hence, 
greater tenure security will lead to greater incidence of tree planting, as is in­
dicated in Besley's (1995) model. Needless to say, these arguments hold only 
when a profitable long-term investment opportunity exists, which is indicated 
by the positive sign of 8a/3T. If such investment opportunity does not exist, 
land tenure security does not matter, and profits are determined by short-term 
production decisions. The next two terms in equation (3) also show that, all else 
equal, where opportunities for tenure security enhancing investment exist 
(dp/dT < 0), a greater investment in tree planting will be made. It is important 

7. Tree planting is the most commonly reported investment used to enhance rights to land 
(Shepherd 1991), but other types of investments may also lead to the same outcome. 
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to emphasize that investments depend not only on the initial level of tenure se­
curity but also on its expected change following the investment. This is not the 
case where dp/dT = 0, and then tree planting is clearly positively linked to the 
initial level of tenure security. Thus, whether long-term investment, especially 
in tree planting, depends critically on initial level of tenure security is an em­
pirical question. We hypothesize that so far as village communities strive for 
higher income and greater production efficiency, the institutional rule to grant 
stronger land rights will emerge in those areas where tree planting brings about 
significantly large profits. This is how the equilibrium moves from E1 to E2 in 
terms of Figure 1.2. 

In order to examine the process of conversion of land from forest or wood­
land into agriculture, we now formally introduce a second land type, and the 
present value of the profits derived from this land is labeled Tlm with a growth 
rate of profits between periods 1 and 2 of p. A household will convert the land 
if the present value from conversion to agriculture far exceeds that from the al­
ternative use. The net value from converting is: 

V=Ax[TIA0-nml (4) 
where Ax is the amount of land converted to agriculture. If V is negative, no 
conversion will take place. If it is positive, some conversion will take place as­
suming that the costs of conversion are sufficiently low.8 Whether agriculture 
is more profitable depends on several factors. First is the difference in short-run 
(that is, the first-period) profits T1A1 - Um, which would likely be positive given 
that newly converted land would be fertile. Second is long-term profits, which 
depend on the difference a - (3, which in turn depends on sustainability and 
prices for products in the different land uses. Whether agriculture is sustainable 
depends on the existence of long-term productivity-enhancing investments as 
indicated in equation (3). Third, expected profits will depend on the probabil­
ity of retaining rights to the resources under the different land uses. Generally, 
conversion to agriculture increases the individual rights of households, thus en­
couraging conversion. This is because effort to convert forestland into cul­
tivable fields is rewarded by strong individual land rights under communal 
tenure systems. Perhaps the most striking example is the case of an open-
access woodland. Since other households are also unrestricted to convert this 
land, rights to future forest resources for any given household are highly un­
certain, and, owing to the open access, the resources are likely to deplete rap­
idly. Thus, TlN0 is likely to be small. In contrast, conversion to agriculture can 
greatly enhance expected profits, particularly if strongly individualized land 
rights are granted. In short, the weaker the individual rights of forestland and 

8. Costs may rise with scarcity because the last lands to be cleared are often difficult to ac­
cess or to develop (for example, steep slopes) and because pressures to retain some woodland may 
increase, raising its value. 
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the stronger those of agricultural land, the greater will be the incentive to con­
vert (Anderson and Hill 1990). This is, of course, not the case where the wood­
land or forest is already found on private land. 

It is clear from equation (4) that if the profitability of farming is great, a 
larger area of forestland is converted to farmland, as in the models of Ehui, Her-
tel, and Preckel (1990) and Barbier and Burgess (1997). This is likely to be the 
case in areas where land is homogeneous. In the context of Asia, where village 
land typically consists of flat paddy fields and sloped upland fields (for exam­
ple, Sumatra and Vietnam), the distinction must be made between increased 
profitability in lowland and upland farming (Kaimowitz and Angelsen 1998; 
Angelsen 1999). If the profitability of lowland farming increases, more re­
sources may be allocated to lowland farming, thereby reducing the pace of de­
forestation (see Appendix in Chapter 7). 

A couple of hypotheses can be advanced from the theoretical model. First, 
the higher the profitability and sustainability of farming, the lower the benefit 
and sustainability of forest management, and the greater the individual land 
rights granted to the converted land, the greater will be the conversion of forest­
land to agricultural land. Second, the greater the initial tenure security and the 
expected increase in tenure security associated with tree planting, the greater 
will be tree planting. Thus, whether the greater initial tenure security results in 
more tree planting is an empirical question. If management of trees, such as 
weeding and pruning, is required subsequently, management efficiency will de­
pend on tenure security achieved after tree planting. If tenure security does not 
change with investment, it is the level of tenure security in the initial period that 
affects investment. Needless to say, if profitable investment opportunities do 
not exist, tenure does not affect the management of farmland. In the next sec­
tion, we explain how we empirically assess the significance of the tenure rule 
that grants larger land tenure security after tree planting. 
Formulating Regression Models for Empirical Testing 
Empirically we would like to assess the effects of land tenure institutions on the 
incidence of tree planting and management as well as the use of land for fal­
low. Our basic presumption is that land rights affect investment incentives as 
they determine the expected returns to investment for those who actually invest 
(Besley 1995). There are, however, a couple of difficulties in empirical esti­
mation. First, it is difficult to quantify land rights. Strength of land rights can­
not be expressed as a continuous cardinal variable by adding up the number of 
rights, as there is no reason to assume that each right has equal importance. 
Thus, land rights must be regarded as qualitative. Second, land rights are dy­
namic and may be influenced by actions of land users. Land rights may weaken 
if land is put into fallow, and strengthen if trees are planted. In our study sites, 
households seek to attain and maintain strong land rights mainly to thwart at­
tempts by extended family members to claim their land. Third, it is difficult to 
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measure the extent to which land rights have changed after tree planting or fal­
low. Partly because of the paucity of exogenous variables that can be used as 
instruments and partly because of the qualitative and sometimes unobservable 
nature of the land rights, it is difficult to apply the simultaneous equations esti­
mation methods to the explanation of land rights and tree planting. Thus, we 
estimate a reduced-form function explaining the incidence of the observed tree 
planting as a function of the modes of land acquisition, which are related to the 
initial endowment of land rights and can be considered as predetermined with 
respect to the tree-planting decision. Below we demonstrate how such reduced-
form relationships can be used to test hypotheses about the relationships be­
tween land tenure institutions and tree planting. 

We assume that tree planting (7) is a linear function of the expected land 
rights (Re): 

T=a0 + alRe, (5) 
where a0 and ax are parameters. We expect that ax is positive, as stronger ex­
pected land rights increase expected future returns. 

The expected value of land rights (Re) is not directly observable, because 
it is affected by the land use patterns (for example, tree planting and fallowing), 
in addition to the manner of land acquisition. For simplicity, we assume that 
there are two types of land, inherited family land and privately acquired land 
(for instance, through forest clearance or purchase). It may be assumed that Re 
is determined by the following linear relation: 

Re^b0 + blT+b2L, (6) 
where b's are parameters and I is a land tenure dummy representing the pri­
vately acquired land. The parameter bQ refers to land rights on inherited land 
with no tree planting, bx represents the marginal effect of tree planting on land 
rights, and b2 measures the difference in land rights between inherited and pri­
vately acquired lands. It will be legitimate to assume that b0 and b2 are posi­
tive. Conventionally, b} is assumed to be zero (for example, Johnson 1972). 
Then it is straightforward to show that land tenure institutions affect tree plant­
ing through their effects on land rights. Besley (1995) considers the possibility 
that tree planting increases land rights, which may imply in the context of our 
simple linear model that bx is positive. 

By substituting equation (6) into equation (5) and rearranging terms, we 
obtain the following reduced-form function: 

T= (a0 + axb0)/(\ - axbx) + [axb2l(\ - axbx)]L. (7) 
In order to ensure a positive solution, (1 - axbx) must be positive. In this case, 
it is clear that tree planting is more active on individually acquired land, since 
land rights affect tree planting positively (ax > 0) and land rights are initially 
stronger on the individually acquired land than on inherited land (b2 > 0). This 
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qualitative conclusion holds regardless of whether tree planting increases land 
rights or not, or whether bx is positive or zero. 

We must point out that in the specification formulated above, tree plant­
ing is assumed to affect the expected land rights with no regard to the manner 
of land acquisition. An alternative hypothesis is that tree planting creates 
sufficiently strong rights when the original land rights are weak, so that the man­
ner of land acquisition does not affect tree planting. To demonstrate this, we 
now assume that privately acquired land has the locally defined maximum land 
rights, which are given by bQ + b2 and are unaffected by tree planting. Thus, 
equation (6) can be rewritten as 

Re^b0 + b1(l-L)T+b2L, (8) 
where b's are positive parameters. From equations (5) and (8), we obtain the 
following solutions for 7* andi?e*: 

T* = (a0 + a1b0)/[\-alb1(l -L)] + {a.b^X -a,bx{\ -L)]}L (9) 

Re* = [b0 + a0bx{\ -L) + b2L]/[\ -a^b^l-L)]. (10) 
From equation (9), it is easy to establish that in order to ensure that the inci­
dence of tree planting will be the same on inherited land, which is equal to T* 
when L = 0, and on private land, which is equal to 7* when L = 1, the follow­
ing equality must hold: 

a0 + ai(b0+ = (a0 + a ^ 0 ) / ( l - a ,* , ) . (11) 
From equation (10), it is straightforward to establish that equation (11) holds 

only when the expected equilibrium land rights on inherited land after tree 
planting are equalized with the maximum rights, that is, bQ + b2. This is not un­
reasonable if tree planting confers strong private rights. 

One may argue that tree planting is a function of not only the land rights 
but also other exogenous variables (X), such as the market price of tree crops. 
Then, equation (5) may be rewritten as 

T=a0 + alRe + a2X, (12) 
where a2 is a parameter. In this case it can be shown from equations (12) and 
(8) that the reduced-form tree-planting function has different intercepts and 
slope coefficients of X for different land tenure institutions if the equilibrium 
expected land rights on inherited land fall short of the maximum. However, if 
tree planting is sufficiently profitable, so that the equilibrium land rights on in­
herited land reach the maximum, tree planting is independent from the manner 
of land acquisition and affected uniquely by X. This can be easily ascertained 
from equation (12) by assuming that Re is always equal to b0+ b2 under any 
land tenure institution. To the extent that tree crop production is more profitable 
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than shifting cultivation of food crops, it may not be unreasonable to assume 
that tree planting is sufficiently profitable. 

In other words, tree planting is independent of the manner of land acqui­
sition if tree planting creates the maximum land rights permitted in an area. If 
this null hypothesis is correct, we expect that the land tenure dummy is in­
significant in the tree-planting function. It is easy to prove that the same con­
clusion holds even when there are more than two land tenure types if tree plant­
ing creates the maximum rights. 

If land rights are sufficiently strengthened after tree planting, subsequent 
management of tree crop fields will be no different among parcels with differ­
ent land tenure institutions. Otherwise, the management intensity will be posi­
tively correlated with the strength of land rights. We test these conflicting hy­
potheses by comparing net revenue and labor use per hectare among different 
land tenure institutions in Chapters 3 to 6. 

As Boserup (1965) emphasizes, fallow land is not unused; it is used for 
restoring soil fertility. Thus, fallowing can be considered as a kind of invest­
ment. Then our arguments developed in this section can be applied for the 
choice of fallow. Unlike the case of tree planting, however, fallowing does not 
require labor input or management effort; hence, it can easily be confused with 
underutilized or abandoned land, which tends to weaken land rights if it has any 
effect. Thus, we hypothesize that stronger initial land rights lead to larger pro­
portions of fallow land in the shifting-cultivation area. 
Analysis of Common Property Resource Management 
One of the major challenges of this study is to develop a quantitative method­
ology to assess the efficiency of management of common property resources. 
In this subsection, we develop an analytical framework to apply to the behav­
iors of users of common property resources. 

The theoretical approach we propose is to compare the allocation of labor 
in extraction activities from common property under different management 
rules. If access to common property is unrestricted for community members, a 
farmer will allocate his or her labor between resource extraction (or forest clear­
ance) and other activities until the private marginal product of labor (MPLc) is 
equal to the wage rate {W), that is, point E in Figure 1.4. This point, however, 
is not the optimum from the viewpoint of the community, because each farmer's 
extraction activity reduces the resources available for other community mem­
bers. This open-access case corresponds to the case of The Tragedy of the Com­
mons envisaged by Hardin (1968). 

The social optimum is attained when f=w holds (see point E' in Figure 
1.4). Thus, the privately optimum labor input is greater than the socially opti­
mum level. If the number of users is sufficiently large, the private marginal prod­
uct approaches the social average product (Dasgupta and Heal 1979:55—73). 
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FIGURE 1.4 Allocation of labor input for extraction activity from the commons 
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The social optimum can be attained only if everybody agrees to behave 
cooperatively. In order to ensure such behavior, noncooperative behavior must 
be detectable and punished with sufficient penalty so as to deter such behavior. 
This optimum corresponds to the social optimum if the resources were fully pri­
vatized under the condition of zero transaction costs (de Meza and Gould 1992). 
Whether private property can be protected without unduly high transaction 
costs will depend, among other things, on the nature of common property re­
sources. If they are common-pool resources, as denned by Ostrom (1990), the 
private-property regime may not work because of the difficulty of excluding 
nonowners from exploiting resources. The ability to protect private property 
may depend on the size of holding because even minor products are easily pro­
tected on a small piece of land adjacent to a home. 

Theoretically it has been demonstrated that in order to ensure cooperative 
behavior among members of a group, sufficiently effective and credible retali-
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ation strategies must exist that punish those who violate collective agreements 
and reward those who honor them (for example, Seabright 1993). There are sev­
eral preconditions for such mechanisms to work in a rural community. First, 
there should be an expectation of repeated agreements, because one-period 
agreements offer limited opportunity to punish or reward. Second, the future 
benefits and costs must be important for each individual. Third, the behavior of 
individual members must be observable with some positive probability by at 
least some other members of the group. Fourth, there must be a social mecha­
nism to disseminate relevant information on the behavior of individual mem­
bers to the group. Fifth, defection (cooperation) should result in the loss 
(buildup) of a member 's reputation, leading to the termination (renewal) of his 
or her participation in the communal activity, which is potentially beneficial to 
each member if everyone observes the agreement. If these conditions are met, 
the maximization calculus of individual members points toward cooperation 
under the assurance that others will also cooperate (Runge 1981,1984, 1986). 

From an empirical point of view, the size and homogeneity of group, the 
degree of trust, the importance of reputation in the community, social stability, 
and users ' time horizons are considered to be the more important factors af­
fecting the effectiveness or the cost of collective action (Ostrom 1990; 
Meinzen-Dick, Rasmussen, and Jackson 1996). It is hypothesized that coordi­
nation failure can occur owing to unequal distribution of the benefits and costs 
of collective action and to the lack of assurance of receiving the benefits. To ex­
plore these issues further, detailed analysis of the rules and functions of col­
lective action, which mediate between individual and collective interests, is re­
quired (Runge 1986; Wade 1987; Curtis 1991; Bromley 1992; Ostrom 1994). 

In our observation there are two types of management rules to reduce over-
exploitation of forest resources: one is to restrict labor allocation to the forest 
by restricting the "open" days, and the other is to regulate the manner of re­
source extraction by restricting the use of tools and extraction of live trees and 
branches. In our statistical analysis in Chapter 8, we estimate the labor alloca­
tion function in which labor time for resource extraction is regressed on rules 
of restricting labor allocation and other variables expected to affect the en­
forcement cost of such rules, such as the size and heterogeneity of user group. 
Using the predicted value of labor allocation, we also estimate the firewood 
collection function, in order to assess the effectiveness of the regulation of re­
source extractions. 
Land Tenure Institution and Equity 
What would be the effects of the evolution of property rights institutions on eq­
uity? Specifically, would individualization of land rights create a larger dispar­
ity of access to land among community members? What will happen to 
women 's rights and welfare when property rights are individualized? Will the 
establishment of common property with clear rules of resource extraction pro-
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mote, maintain, or deteriorate equity? These are the major analytical issues 
about equity that this study attempts to address. 

It can be assumed that asset distribution is fairly equitable under commu­
nal tenure when land is abundant and investment in both physical and human 
capital is minimal. In fact, the per capita distribution of land among households 
under the communal ownership system is generally equal, because this system 
is designed to achieve and preserve equitable distribution of land and income 
among community members, thereby ensuring communal solidarity and food 
security. As land becomes scarce and valuable, however, the distribution of 
land may become more skewed. We postulate that whether the individualiza­
tion of land rights creates significant inequity through accumulation of land by 
a small number of people depends on the existence of scale economies or on 
whether the optimum scale of farm operation increases after new farming sys­
tems are adopted. If significant scale economies do not exist, incentives for se­
lected individuals to accumulate large areas of land will be weak. On the con­
trary, if large-scale economies exist, land may be accumulated by a few; hence, 
large income disparities may emerge with changes in farming systems associ­
ated with the individualization of land rights. We empirically examine this point 
by estimating profit functions in which farm size is an explanatory variable. 

Another important factor affecting equity is the factor-use bias of new 
farming systems. Since nearly all rural households have access to labor, 
changes in the production function in a labor using direction, as described in 
Figure 1.2, will promote equity. Thus, the extent to which changes in property 
rights institutions and farming systems increase labor demand is an important 
issue for social equity. In order to assess such effect, we estimate the labor use 
function in which property rights institutions are included as explanatory vari­
ables. 

In our observation, huge inequities have been created by land policies of 
both colonial and postcolonial governments, which granted leasehold and free­
hold titles to large landholders. Since land and tenancy transactions between 
peasants and large landholders are often restricted, a dual agrarian structure is 
created in which land is scarce in the peasant sector and abundant in the large-
holder sector. This is observed in Uganda and Malawi. One of the justifications 
for the creation of large-scale farming units is the existence of scale economies. 
However, if significant scale economies do not exist and large farms use land 
and other natural resources extensively, as in the case of unit isoquant IQI0 in 
Figure 1.2, the operation of large farms will be detrimental not only to the 
efficiency of farming but also for equity. 

Even if technical scale economies do not exist, wealthy people may fur­
ther accumulate wealth with the individualization of land rights, because only 
the rich may be able to afford to invest in land and trees. Preferential access to 
cheap formal credit by rich farmers with titled land will reinforce this tendency 
(Feder et al. 1988). To the extent that the rich acquire more secure land rights 
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than the poor, the rich may also have stronger incentives to invest for long-term 
benefits. A counterargument is that since the principal input required for in­
vestment in land and trees is labor, poor households endowed with cheap labor 
may have an advantage over the rich.9 Thus, who among differential income 
classes is most likely to invest in land and trees remains an empirical question. 
We explore this issue by including the farm size as one of the explanatory vari­
ables in the tree-planting function. 

When land is abundant, migrants can "purchase" uncultivated village land 
by making small gifts to the community chief as a token of appreciation. Since 
migrants are generally poor, their acquisition of land becomes more difficult 
once land becomes scarce and more valuable. Indeed, in many cases migrants 
acquire cultivation rights by renting in land in areas where land rights are indi­
vidualized. In areas where land rights are less individualized, so that individual 
rights to rent out are not established, migrants may not be able to find opportu­
nities to rent in land. One question that arises is to what extent the individual­
ization of land rights promotes tenancy contracts. Another question is the ex­
tent to which tenancy contracts contribute to the reallocation of land from 
land-rich and labor-poor households to land-poor and labor-rich households, 
given the inherent imperfection of agricultural labor markets due to asymmet­
ric information (Hayami and Otsuka 1993). Tenancy markets, if they work 
efficiently, will be conducive to both efficiency and equity, as tenancy transac­
tions tend to equate operational land-labor ratios across farms. We test the 
efficiency of land tenancy markets, as well as other factor markets, by assess­
ing the effects of factor endowment on the labor inputs and profits of farm op­
eration per unit of land. 

Individualization of land rights may change the relative strength of land 
rights between husbands and wives. For example, in certain areas of Ghana 
where women traditionally were not allowed to own land, they began to acquire 
land ownership rights when they helped their husbands plant and manage co­
coa trees (see Chapter 3). It may well be that when demand for women's labor 
in planting trees increases, greater land rights are given to them to enhance their 
work incentives. In other areas where women are denied rights to own trees, 
men 's land rights appear to increase when they plant trees. These intrahouse-
hold issues associated with the evolution of property rights are issues that have 
not yet been rigorously explored. 

Who gains most from common property resources is a critical question in 
assessing the equity implications of the establishment of common property with 
clear rules of resource extraction. Do the rich and the powerful control the use of 
common property resources to their advantage at the expense of the poor? Or do 
the poor extract greater amounts of resources from the commons by allocating 

9. Although the rich may be able to hire laborers for investment activities, the enforcement 
of labor contracts may be costly. 
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more labor to such activities? Does the social norm or a sense of social justice in 
the community play any role in allocating rights of access to common property 
to the poor? These issues are addressed by assessing the impact of farm size and 
caste status on the allocation of labor to the extraction of resources from com­
munity forests in the case study of the hill region of Nepal (Chapter 8). 
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2 Quantitative Methodology 
KEIJIRO OTSUKA AND FRANK PLACE 

In our theoretical framework, land tenure institutions and collective action are 
chosen by communities for efficiency and equity purposes, and the choice is hy­
pothesized to be determined by population pressure, commercialization of agri­
culture, policies, and natural and social environments (see Figure 2.1). Natural 
environments refer to the physical environments, such as topography, altitudes, 
and temperature, that influence the innate comparative advantage of an area for 
food production, agroforestry, woodland, and rangeland. Policy environments 
may encompass not only policies directly imposed on the community, such as 
land titling and ownership of land by the state, but also the quality and influence 
of government ministries and the judicial system. These in turn affect the choice 
of appropriate land tenure institutions. Social environments refer to social cus­
toms and social power structures, as well as social capital created through the 
long history of cooperation among community members (Putnam 1993). One 
of the critical variables is residential mobility, which influences the extent to 
which social capital can be sustained, as the theory of repeated games suggests 
(for example, Pearce 1992). 

We assume that these five sets of forces affecting the choice of institutions 
and the effectiveness of collective action are essentially exogenous to the com­
munity (that is, not affected by the actions of the community). Of course, this 
assumption may not always be warranted. For example, the population growth 
of the community will be affected by the stock of uncultivated and accessible 
forestland within a community. Certain aspects of social environments, for in­
stance, the extent of mutual trust in the community, may be more legitimately 
considered as endogenous, while other aspects, for instance, the tradition of ma-
trilineal or patrilineal inheritance, can be assumed exogenous. Where an endo-
geneity problem occurs (that is, where one or more of the sets of forces are 
influenced by community actions), the analytical and empirical methods will 
need to be modified. We must also note that the exogenous forces may be in­
terrelated; for example, government agricultural policies may affect the popu­
lation growth rate and the extent of commercialization in agriculture in certain 

34 
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FIGURE 2.1 Property rights, collective action, and natural resource management: 
A conceptual framework 
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communities. We have to bear in mind these complexities in formulating sta­
tistical methodologies. 

Some of the exogenous variables would affect natural resource manage­
ment directly, as well as indirectly through their effects on the institutional 
choice. For example, growing population pressure may not only induce greater 
individualization of land rights but also promote directly the conversion of 
forests and rangeland to crop fields and the intensification of land use. There 
are, however, other sets of variables that may affect institutional choice but not 
natural resource management directly. Good examples are traditional inheri­
tance rules; patrilineal systems under which use right of land is bequeathed to 
a farmer's sons can easily evolve into individual rights systems, whereas ma-
trilineal systems in which members of a large extended family have partial 
rights to land tend to preserve extended family ownership systems. Although 
inheritance rules affect land tenure institutions, such rules per se would not 
affect natural resource management directly. Another example may be land 
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titling; possession of land titles will strengthen individual land rights but not 
necessarily affect the manner of natural resource management directly. Infor­
mation on exogenous variables that affect land rights and collective action but 
not natural resource management is critically important for distinguishing be­
tween direct and indirect effects within complex processes. 

In some cases, land tenure institutions are imposed on communities 
through formal policy, for example, state ownership of land, private ownership 
with land titling, and publicly supported forest users ' associations. In such 
cases, the focus of the analysis can be placed on the impact of the exogenously 
determined land tenure institutions on natural resource management. 

However, land tenure institutions may be affected by natural resource 
management in the longer run. As discussed earlier, inappropriate land rights 
institutions may lead to unsustainable management of natural resources, which 
may eventually induce a change in the institution (see Figure 1.3). Ideally we 
should analyze such dynamic sequences of natural resource management and 
institutional change. 

Natural resource management is affected not only by land tenure institu­
tions, collective action, and some exogenous variables but also by household 
and individual characteristics. It is important to note that at the household level, 
land tenure institutions and rules of collective action may be regarded as either 
exogenous or predetermined, even though they are endogenous at the commu­
nity level. Similarly, such household characteristics as family size and the size 
of the family's land endowment (in absolute terms and relative to household 
size) and such individual characteristics as gender, age, and educational attain­
ment prior to the investment period may be considered predetermined. If plot-
level data are used for the estimation of investment, profit, and labor demand 
functions, plot-level characteristics can be also used as predetermined vari­
ables. Furthermore, within a community, the five sets of exogenous factors 
specified in the upper portion of Figure 2.1 can be considered fixed and com­
mon for all households. These considerations imply that the critical variables 
in the analysis of natural resource management at the household level are land 
tenure and collective action and household and individual characteristics. 

In order to analyze the efficiency of common property resource manage­
ment, we need detailed household data on the allocation of labor time, grazing, 
and other resource extraction activities. Particularly in the case of woodland or 
forest resource management, the data requirements are demanding because 
many types of resources are extracted from the commons, for example, fire­
wood, poles, timber, grasses, and leaf fodder. Such data collection would be 
impossible in a community survey. Thus, we propose to perform two sets of 
analyses based on two different types of surveys focusing on different aspects 
of the causal relationships illustrated in Figure 2 .1 . The first analysis may be 
termed an extensive study of communities located over wide areas endowed 
with different natural, social, market, and policy environments and different hu-
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man and natural resources. The second analysis is an intensive study of house­
holds in selected communities, where different land tenure institutions and 
farming systems coexist. 

Survey Methodology 

Extensive Study 
Our central hypothesis is that land tenure institutions will evolve in response to 
changing relative factor scarcities, which are affected by population pressure 
and commercialization of agriculture. We also postulate that the evolution of 
farming systems is affected by both natural and social environments. Needless 
to say, land tenure institutions are also directly affected by government land 
policies. Based on our theoretical framework, we propose to estimate the func­
tion explaining the incidence of land tenure (LT) institutions using the exten­
sive community survey data: 

LT = F (natural environment, population pressure, policy, 
commercialization, social environment) 

= F(Z), (1) 
where Z stands for the five sets of variables that are considered to be mainly ex­
ogenous to the community. LT may be measured by the proportion of area un­
der different land tenure institutions. Measurement issues are likely to arise in 
the specification of LT, because there are both written and unwritten rules on 
bundles of land rights available in rural communities. Explanatory variables to 
be used depend on the specific nature of the problem addressed. Population 
pressure may be endogenous, as might other social environment variables, and 
wherever possible instrumental variable estimation methods should be applied. 
Otherwise, it is preferable to use lagged variables, such as population density 
in the past. If land tenure institutions are solely policy-determined, this equa­
tion has no relevance. 

An evolutionary model of land tenure institutions implies that the institu­
tional choice is path-dependent, which suggests that LT in equation (1) is af­
fected by changes in the stock of the natural resources in the past. It is there­
fore useful to specify an explanatory variable representing the condition of 
natural resource base in the past, if the data are available. The use of aerial pho­
tographs taken in the past is one way to obtain such data. 

In order to examine changes in the stock of natural resources at the com­
munity level, we use changes in indicators, such as changes in the proportions 
of primary forest, woodlands, common property forest, and areas devoted to 
food, tree crops, and pastures in the community, as well as changes in vegeta­
tion or tree cover. These indicators of changes in natural resource stocks (ANR) 
can be regressed on LT and other relevant variables: 



3 8 Keijiro Otsuka and Frank Place 

ANR = NR, - NR 0 = G (LT, Z' NRQ), (2) 
where NRr and NRQ pertain to the stock of natural resources at r-th and base pe­
riods, respectively, and Z' refers to a subset of exogenous varibles (Z) that di-
recly affect natural resource management. 

A couple of remarks are in order about the estimation of equation (2). First, 
since the indicators are changes in stocks, they are affected by past as well as 
present values of the explanatory variables. It is desirable to analyze changes 
in the indicators of natural resource stocks, since it would purge out the 
influence of variables that equally affect the amount of the stock at two points 
in time. Use of aerial photographs and satellite images taken at different points 
of time is particularly useful for constructing appropriate dependent variables. 
Second, where the LT indicator is an endogenous variable, it is important to ap­
ply appropriate estimation methods. In the case studies of Malawi, Nepal, and 
Japan, the endogeneity is taken into account in the empirical specification of re­
cursive equation systems. In the case of Uganda and Vietnam, the major land 
tenure institutions that are studied are legitimately considered exogenous. In the 
case of Ghana and Sumatra, community-level indicators of natural resource 
management are not available, and therefore we used recall data at the house­
hold level, using quick individual household surveys that complemented the ex­
tensive community survey. In these cases, we treated inherited and allocated 
family land tenure as either exogenous or predetermined for households and an­
alyzed their effects on forest clearance and tree planting. Third, in estimating 
equation (2), the possibility of U-shaped changes in the stock of natural re­
sources, envisaged in Figure 1.3, should be taken into account by including the 
state of natural resources in the base period. 

Given the cross-sectional nature of the data set, it is difficult to analyze the 
historical paths of changes in land tenure institutions and natural resource man­
agement. In order to shed some light on this issue, we used the individual house­
hold survey data to trace out historical changes in the relative importance of 
various modes of land transfers, such as different types of inheritance (for ex­
ample, from father or mother), inter vivos gifts, family allocation, forest clear­
ance, private purchase, and land rental, for Ghana, Indonesia, and Malawi. 

Intensive Study 
Although the analysis of the extensive survey data is expected to provide an 
overview of the evolutionary process of land tenure institutions and their con­
sequences, it does not provide us with a clear picture of how natural resources 
are managed by users. Furthermore, in analyzing extensive survey data we take 
the impact of household characteristics into account only by using "aggregate" 
socioeconomic variables for each community (for example, the proportion of 
minority ethnic groups with different inheritance rules). In order to examine 
how land tenure institutions and household characteristics affect natural re-
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source management practices, we need to conduct detailed household surveys 
in selected communities where different land tenure institutions coexist. 

As already argued, it may be reasonable to assume that land tenure insti­
tutions are exogenous or predetermined in the analysis of household data, so 
long as they are determined by the community or the large extended family. If, 
however, the strength of land rights can be changed by individual farmers, for 
instance, by investing in land using one's own resources and labor, they must 
be regarded as endogenous. In such cases, either a simultaneous equations sys­
tem must be formulated,1 or preexisting land tenure institutions or the modes 
of land acquisition, rather than ex post land rights, must be used as explanatory 
variables to ascertain causality. 

Using household survey data, we would first like to assess the impact of 
land rights on investment in land and trees using plot-level data: 

INVESTMENT = H (ML, characteristics of plots and household), (3) 
where ML stands for the modes of land acquisition, which are often used as 
land tenure variables in the intensive survey analysis. The modes of land ac­
quisition are not subject to change or highly open to choice, unlike land rights, 
and, hence, they may be considered as predetermined. The effects of ML may 
be insignificant, if investment in trees sufficiently strengthens land rights, as 
was explained in Chapter 1. Wherever relevant, we acknowledge the possibil­
ity of simultaneous equation bias and take it into account in the interpretation 
of the estimation results. Note that Z variables do not appear in this equation, 
as they are fixed and common in a selected village. 

Since land tenure institutions are often different on different plots of 
land, it is desirable to estimate equation (3) at the plot level. Characteristics 
of households should include variables related to both human and physical 
capital endowments. Particularly important will be variables representing 
wealth, such as the size of land ownership and cattle, and gender of plot man­
agers if men and women own or operate different plots of land. We are par­
ticularly interested in whether the rich invest more resources per hectare and 
whether the strengthening of women 's land rights promotes investment in 
land improvements. 

In order to isolate the effect of the plot-level tenure variable, we apply the 
household-level fixed effects model as much as possible (this controls for the 
effect of unobservable household characteristics) when we estimate equation 
(3), as well as equation (4) specified below. Earlier application of the fixed ef­
fects model in similar context is found in Place and Hazell (1993). We also use 
alternative specifications to test the effect of key household-level variables that 

1. If there are a large number of land tenure institutions prevailing within a village, which 
can be expressed only by the institutional dummies, it is not feasible to apply simultaneous equa­
tion methods. 
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are noted above. Furthermore, to control for correlations of error terms across 
plot-level observations, we also apply the random effects model where feasible. 

Clearance of virgin forest is one form of investment for future benefits, 
and, accordingly, the dependent variable in equation (3) may be area acquired 
by clearing unclaimed forest. In this case, household data will be more appro­
priate for the analysis, simply because the decision to acquire new land is ini­
tiated and acted on by households. This creates the need to develop household-
level tenure variables. 

Second, we would like to assess the relative profitability of different farm­
ing systems, for example, shifting cultivation versus sedentary food crop pro­
duction or tree crop production, which correspond to unit isoquants of IQI0, 
and I2I2 in Figure 1.2, respectively. For this purpose, we propose to estimate 
the profit function: 

PROFIT = I (ML, characteristics of plots and household), (4) 
where profit may be measured by the residual profit per hectare, which can be 
obtained by subtracting costs of nonland inputs (including the imputed value of 
labor) from the value of outputs. The profit thus computed is supposed to cor­
respond to returns to land and management effort and efficiency. We do not use 
prices as explanatory variables, because they do not vary meaningfully within 
a community. If perennial crops are grown, the age of trees must be included 
as an explanatory factor, and the present value of profiles of investment costs 
and flows of expected profits must be assessed to compare their profitability 
with that of annual crops. The quality of land also needs to be controlled for, in 
order to distinguish the "pure" effect of land rights institutions on profit from 
possible indirect effects through relationships with land quality. The effect of 
ML may be insignificant, if long-term investment sufficiently strengthens land 
rights and if equation (4) is estimated after controlling for the effects of tree and 
other stock variables. Characteristics of plots should include variables repre­
senting the history of cropping patterns, which can be used to assess the sus­
tainability of various farming systems. 

Important variables to be included among household characteristics are 
farm size, the endowment of land relative to family labor, and gender of culti­
vator possessing use or ownership rights. Farm size is used to assess the 
significance of scale economies or diseconomies. The owned land-family labor 
ratio is used to examine the efficiency of factor markets, as factor endowments 
will not affect the efficiency of production if competitive factor markets oper­
ate so as to equalize land-labor ratios across different plots. Whether ownership 
by gender has any significant influence on the profitability of farming has im­
portant implications for the intrahousehold allocation of land rights. 

The analysis of profitability is complementary to the analyses of the evo­
lution of land tenure institutions and investment behavior. If we observe that 
land tenure institutions evolve toward individualized tenure and that such 
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change promotes investment in land and trees, we ought to find a higher 
profitability for the new farming systems that required prior investment. 

Similar to equation (4), we would like to estimate the impact of land tenure 
institutions on labor use per unit of land under different farming systems: 

LABOR/LAND = J (ML, characteristics of plots and household). (5) 
A critical question is the impact of new farming systems on the demand for 

labor, which may be differentiated by gender. The estimation of equation (5) 
examines the validity of the theory of induced institutional innovation, which 
asserts that increased population pressure on limited natural resources leads to 
the adoption of new institutions that save the use of natural resources (for 
instance, land) relative to labor. 
Data Collection Methodology 
The first task in the data collection phase was to identify major issues in the 
management of land and trees in a particular region through literature review, 
examination of secondary data, and informal exploratory surveys. We have 
found informal surveys to be particularly useful, because good prior studies on 
property rights and collective action are often unavailable. Even if available, 
the information is sometimes obsolete, as these institutions are dynamic and can 
be site-specific. Since we need to obtain a variety of information through ques­
tionnaire surveys, the pretesting of survey questionnaires was essential. 

In the extensive study, we applied either random sampling of communi­
ties located over wide areas or stratified random sampling with stratification 
based on demographic factors and access to markets. A community may be 
denned as a single village or as large as a group of three to five villages, par­
ticularly when aerial photographs were used to assess the management of land 
and trees. However, when studying common property forests, which are often 
used by more than a single community, the forest itself is a more relevant study 
unit. Sixty to 100 communities or forests were chosen in each country or each 
major region within a country depending on the complexity of the issues to be 
studied. 

Various data sources and data collection methods were used in the exten­
sive study, which included (1) secondary data on demographic variables, cli­
matic variables, and farming practices; (2) official data on land titles; (3) data 
on spatial variability of the physical environment, land use, vegetative cover, 
and other indicators of natural resource management, obtained from the analy­
sis of aerial photographs and satellite images; (4) direct measurement of indi­
cators of natural resource management, such as density of young seedlings and 
mature trees, their diameters at breast height, and the composition of valuable 
species of plants; (5) community survey data obtained from group interviews 
of key informants on socioeconomic variables, such as land rights, rules of re­
source use, access to markets, agricultural practices, and the development of 
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TABLE 2.1 Overview of sample size 

Country 

Extensive Study Intensive Study 

Country 
Number of 

Communities 
Number of 
Households 

Number of 
Communities 

Number of 
Households 

Ghana 60 420 10 200 
Sumatra 

(Indonesia) 60 300 4a 200a 
Malawi 57 570 8 141 
Uganda 64 6 98 
Vietnam 56 4 200 
Nepal—hill 100b 500 6 120 
Nepal—inner Tarai 102b 
Japan 61b 8b 61° 
including case study of rubber agroforestry, which is not reported in this book. 
bThe number of sample forests. 
°The number of sample plots in selected forests. 

credit, labor, and land markets; and (6) brief household survey data on the his­
tory of use of natural resources (farmland, forests, and woodlands) and modes 
of farmland acquisition. We applied these data collection methods in the par­
ticular research sites where they were appropriate. For example, supplementary 
brief household surveys were conducted in Ghana, Sumatra, and Malawi, where 
village-level data on land use, land area, or inheritance practice were either un­
available or unreliable. Sample sizes are shown in Table 2 .1 . 

Particular attention was paid to the bundle of land rights and indicators of 
natural resource management and collective action. For classification of land 
use, as well as estimation of areas under different land tenure institutions in a 
community, the technique of resource mapping based on interviews with vil­
lagers and aerial photographs was found to be very useful. 

Selection of appropriate communities for the intensive household survey 
was based on the results of the extensive survey. We chose communities with 
contrasting characteristics in terms of prevailing land tenure institutions, farm­
ing systems, and degradation or protection of natural resources. Four to 10 vil­
lages were chosen for the household survey (Table 2.1). Sample sizes depended 
not only on the complexity of issues but also on the accuracy and coverage of 
data necessary for our statistical analyses. Since we are interested in the esti­
mation of tree planting, profit, labor use, and production functions of resource 
extraction activities, we tried to obtain accurate labor and wage data. 

In the intensive survey, both qualitative and quantitative information on 
the practices of natural resource management has been sought. We also at­
tempted to obtain data on family composition, inventory of assets, histories of 
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acquisition of assets and land use, current production, and nonlabor input use, 
in addition to property rights. 

Overview of Case Studies 

Countries Selected 
We have chosen northern Vietnam, western Sumatra, hill and inner Tarai re­
gions of Nepal, western Ghana, central Uganda, and Malawi, as well as central 
Japan, as study sites with a view to drawing comparative perspectives between 
Asia and Africa. Malawi, Ghana, and Sumatra have been chosen to analyze the 
evolution of communal land tenure institutions in diverse natural, social, and 
policy environments, whereas Uganda and Vietnam have been chosen to iden­
tify the effects of communal, state, and private ownership on natural resource 
management. Nepal and Japan have been selected to address the issue of com­
mon property resource management. 

Table 2.2 provides some general economic, demographic, and forest re­
source indicators at the national level for each country. First of all, it is obvious 
that Japan is the most wealthy, distinct from the remaining countries because of 
its very high income, low dependence on agriculture, high rate of urbanization, 
high population density, low growth rate of population, and stable forest cover. 
It is clearly at a different stage of development than the other countries, and the 
welfare of its citizens is less dependent on the natural resource base. Yet we 
found it illuminating to compare the experience of evolutionary changes in com­
munity forest management toward the individualized system in postwar Japan 
with community forest management in contemporary Nepal. The remaining dis­
cussion in this subsection focuses on the six developing countries. 

Four countries stand out as among the poorest countries in the world, with 
1995 GNP per capita figures of $240 or less: Vietnam, Nepal, Uganda, and 
Malawi. For these countries, poverty alleviation through economic growth is 
the paramount policy objective. In these same countries, the vast majority of 
the population resides in rural areas (more than 80 percent), and the agricul­
tural sector is an important contributor to the GDP. This means that strategies 
for short-term growth and poverty alleviation are likely to be aimed at agri­
culture and the rural sector. Thus, there are likely to be many conflicts, in the 
short run, between meeting these objectives and at the same time improving 
the long-term management of natural resources. However, increasing the 
efficiency of natural resource management in poor rural areas creates oppor­
tunities to achieve poverty reduction and the improvement of the natural re­
source base. Although the average household income is considered to be no­
ticeably higher in Ghana and particularly in Indonesia, the populations in our 
sites in western Ghana and Sumatra are also very poor because of the mal­
distribution of income across regions. 
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High levels of population growth among the poorer countries and in Ghana 

hamper efforts to increase per capita income growth. Malawi had an extremely 
high population growth rate of 4.2 percent, and since most of the absolute in­
crease occurred in rural areas, the demand for land resources increased 
significantly. We expect that a significant amount of land had been converted 
into agriculture in Malawi and Ghana, with pressures almost as high as in 
Nepal, Uganda, and Vietnam. It is likely that population growth alone is behind 
much of the deforestation reported in Table 2.2, where the annual rate of 
deforestation varied between 0.8 and 1.2 percent among the developing coun­
tries between 1980 and 1995. Although Indonesia does not suffer from simi­
larly high population growth, it nonetheless is characterized by a high 
proportion of population in rural areas, coupled with traditional shifting culti­
vation widely practiced in the outer islands. Thus, population growth would 
contribute to deforestation rates there as well. Although population densities 
differ across countries, within each there are large pockets of heavily populated 
areas, for example, areas with population densities exceeding 200 persons per 
square kilometer. In such areas, a large share of land had been previously con­
verted to agriculture, and key natural resource management issues pertain to 
those related to agricultural resources, including agroforestry. 
Characterization of Study Sites 
There are similarities and dissimilarities among our seven study sites (see Table 
2.3). Both the Ghana and Sumatra sites are characterized by the communal 
ownership systems. Moreover, both sites have a comparative advantage in 
agroforestry over pure food production under shifting cultivation, owing to 
hilly or mountainous topography on which annual crops cannot be grown sus-
tainably without large investment. In western Sumatra, large areas of primary 
forests still exist in the national park, even though some portions have been con­
verted to irrigated paddy fields, crop fields under slash-and-burn farming sys­
tems, and fields of commercial trees such as rubber, coffee, and cinnamon. In 
western Ghana, primary forests have largely disappeared and been replaced ei­
ther by crop fields under shifting cultivation or by cocoa fields. 

Although Malawi is also characterized by communal ownership, mixed 
food crop and tree systems are less profitable as compared with food cropping 
systems than in Ghana or Sumatra, as many areas are characterized by flat to­
pography. There are also communally owned forests on hilly portions of 
Malawi, but they are largely open access except for small and infrequent Vil­
lage Forest Areas strictly protected by cooperation between village organiza­
tions and the Forestry Department. Most community woodlands have been 
converted to crop fields in this country (with the exception of the sparsely pop­
ulated north). The Uganda sites contain communal, private, and state-owned ar­
eas. Coffee is grown in hilly and humid areas nearer to Lake Victoria, and char­
coal is a major product of woodlands in the rest of the areas, which are generally 
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TABLE 2.3 Characterization of study sites 
Major Products of 

Country Land Tenure Agroforest/Forest Topography 
Ghana Communal Cocoa Hilly 
Sumatra 

(Indonesia) Communal Rubber, cinnamon, 
and coffee Hilly/ 

mountainous Malawi Communal/ 
common 
property 

None/minor forest 
products Flat/hilly 

Uganda Communal/private/ 
state Coffee/charcoal Hilly/flat 

Vietnam State/private Timber and fruit Mountainous 
Nepal—hill Common property Firewood, fodder, grass, 

and leaf litter Mountainous 
Nepal—inner 

Tarai Common property 
(collective and 
centralized 
management) 

Timber Hilly 

Postwar Japan Common property 
(collective and 
individual 
management) 

Timber Mountainous 

flat and dry. As in Malawi, woodlands have been degraded and converted to 
crop fields in most areas. 

In northern Vietnam, natural forests in mountainous areas had been seri­
ously denuded as a result of the expansion of food cultivation area until the end 
of the 1980s, when Vietnam launched major economic reform programs, in­
cluding privatization of land tenure. The village area typically consists of flat 
lowland, mostly occupied by paddy land, and forestland on mountainous areas. 
Although the whole area is state-owned, use rights over forestland for 50-year 
periods have been distributed to individual farmers in selected areas in recent 
years. This policy has stimulated regeneration of forests by protection and 
planting of timber, fruit, and other perennial trees through the decisions of farm­
ers. Firewood and other minor forest products are amply available from re­
maining forests and wooded areas in the Vietnam sites. 

In contrast, those minor forest products are extremely scarce in the hill re­
gion of Nepal, where community forests are seriously degraded. In this partic­
ular environment, as in mountainous areas in prewar Japan (McKean 1992), 
common property systems with strict management rules of extraction regard-
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ing these minor products have emerged in selected locations. In the inner Tarai 
region of Nepal, which is flatter and has better access to markets, timber is a 
major forest product. In Japanese timber forests during the postwar period, both 
collective and individualized management systems coexist, even though forest­
land is commonly owned by the community. 
Land Use Systems and Land Tenure Institutions 
Our basic hypothesis is that land tenure institutions change over time to achieve 
socially more efficient resource allocation. If so, the choice of land tenure insti­
tutions ought to be governed by land use systems, as the desirable land tenure in-
situtions are different for different land use systems. This seems to be the case in 
practice, as is demonstrated in Table 2.4. In customary land areas where agro­
forestry has a comparative advantage, individualization of land tenure institutions 
has been taking place. This is consistent with our hypothesis that land tenure in­
stitutions change to stimulate investment in trees. On the other hand, in custom­
ary land areas where continuous food cultivation has a comparative advantage, 
land tenure institutions are individualized in some places (e.g., flat areas of 
Uganda) but not so in other places (e.g., Malawi and paddy fields in Sumatra). 
One interpretation is that similar to the case of investment in tree planting, efforts 
to invest in land improvement conferred strong land rights where such invest­
ment was profitable. Individualized land rights are also established in paddy fields 
in Vietnam, as the government has approved individual use rights. 

Although it may not be costless to protect tree and food crops, it is much 
more costly to protect minor forest products, such as firewood, feed grasses, and 

TABLE 2.4 Comparison of land use systems and land tenure institutions 
across study sites 

Land Use Systems 
Characteristics of Land 

Tenure Institutions Study Sites 
Agroforestry Individualization Ghana, Sumatra, hilly areas 

of Uganda 
Crop fields for Individualized/collective Flat areas of Uganda, 

continuous Malawi, Sumatra/Vietnam 
cultivation 

Nontimber forests Unregulated common property Malawi 
Emergence of regulated Hill regions of Nepal 

common property 
Timber forests/ Privatized or centralized Inner Tarai region of Nepal, 

plantations management of common Japan 
property 

Timber forests/ Individualized Vietnam 
fruit orchards/tea 
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fodder. This is because these products tend to be grown in areas away from 
residential areas and can be harvested almost continuously through the year and 
detection of loss can be difficult. Moreover, unlike tree and food crop produc­
tion that requires work effort, no such effort is required for management of non-
timber forests. Thus, what is at stake is protection but not work effort and in­
centives in production activities. Our hypothesis is that common property 
regimes could be more efficient than private and other ownership systems when 
resources extracted from common property are minor forest products. In fact, 
nontimber forests are "managed" under common property regimes in Malawi 
and the hill region of Nepal. Such a relationship is illustrated in Table 2.5. In a 
comparison of the two countries, road systems are relatively well developed in 
Malawi, and thus access to markets is relatively favorable. Therefore, farmers 
can purchase chemical fertilizer and firewood at the markets. In contrast, the 
hill villages in Nepal are highly isolated, and farmers cannot survive without a 
local supply of firewood, leaf fodder, and feed grasses. This may be the major 
reason why the use of nontimber forest resources is largely unregulated in 
Malawi, whereas it is regulated strictly in an increasing number of hill forests 
in Nepal. 

The protection of timber is less costly than that of minor forest products, as 
timber is bulky and difficult to haul without being detected by other members of 
the community. In addition, timber production requires management of trees 
through such silvicultural activities as weeding, pruning, and thinning. Thus, 
strong work incentives provided by private and other ownership systems are in­
dispensable for proper management of timber trees. We therefore argue that the 
management of timber forests is more efficient under private land tenure than un­
der common property systems. If the protection of timber is costly, for example, 
because of a threat of grazing, a combination of common property and private 
property systems, in which protection is carried out communally and manage­
ment is carried out individually or by central management committee, may be op­
timum. Consequently, timber forests are often managed by privatized and cen-

TABLE 2.5 Hypothesized relationships among cost of protection, management 
intensity, and efficient land use and land tenure systems 

Cost of Management Intensity 
Protection Low High 
Low 

High 

Crop fields for shifting 
cultivation 

Nontimber forests/ 
common property 

Agroforestry, crop fields for 
continuous cultivation, timber forests/ 
private ownership 

Timber forests/centralized community 
management 
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tralized management systems in Japan and Nepal. In Vietnam, farmers chose to 
manage sloped land parcels for timber and other tree crop production individu­
ally, rather than collectively, following the allocation of individual use rights. As 
illustrated in Table 2.5, this is likely because, like agroforestry and continuous 
food cultivation, timber and tree crop production in Vietnam is management-
intensive, which requires relatively low cost of protection of tree resources. 

We expect that the more detailed comparative analyses of land tenure in­
stitutions and the characteristics of dominant natural resources in the chapters 
that follow will shed new light on the conditions under which different land 
tenure institutions and farming systems emerge and function efficiently. 

Focus and Organization of the Book 
This book consists of five parts. Following this introduction in Part I, Part II 
addresses the issues of evolution of customary land tenure institutions and its 
consequences on the management efficiency of forest, agroforest, and cropland 
and the equity implications between the rich and poor and between men and 
women, based on case studies in Ghana, Sumatra, and Malawi. We test the hy­
pothesis that communal ownership systems generally evolve toward individ­
ual systems with increased population pressure and other changes by estimat­
ing functions explaining the incidence of various land tenure institutions using 
extensive survey data. Then we test whether tree planting and preservation of 
tree resources were facilitated by the shift to individualized ownership of land 
using the same data set. Our general contention is that the efficiency of tree re­
source management improves with strengthened individualized land rights. To 
corroborate this point, we estimate tree-planting, profit, and labor use functions 
using household data. 

Part III is concerned with the impacts of different land tenure institutions 
on resource management based on the comparison of communal, state, and pri­
vate land ownership in Uganda and state land ownership and the more individ­
ualized ownership system recently introduced in Vietnam. In these countries, 
major land tenure institutions that stipulate the land rights of the state, land­
owners, and occupants of customary land have been determined by authorities 
above the community level. Our studies focus on the consequences of land poli­
cies on the management of forest resources, tree planting, the efficiency of 
farming, and the intensity of labor use. 

Part IV is devoted to the exploration of the conditions under which the 
common property regime is a viable and efficient institutional arrangement 
based on the case studies of hill and inner Tarai forests in Nepal and forests in 
central Japan. How efficiently common property forest is managed is explored 
in Nepal by using data of forest conditions generated by aerial photos and data 
of households' resource extraction patterns from the commons and in Japan by 
using parcel-level data. 
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The impact of women's land and tree rights on farmland and tree resource 

management is a final area of emphasis in this study. It is well known that tra­
ditional systems of land and tree tenure are particularly discriminatory against 
women. In many parts of Africa, women are traditionally not allowed to plant 
trees, because tree planting would be viewed as usurping the rights or decision­
making power of males. With respect to farmland, the lack of or weak tenure 
rights for women are likely to reduce their incentives to invest in agroforestry or 
other land improvements bringing future benefits. In the case of woodlands or 
forests on which women depend to provide fuel, water, fodder, and medicines 
to their family, they may have clear incentives to organize collective action so 
as to ensure sustainable management of those renewable resources. In areas 
where land rights are privatized, women's access to land, trees, and other forest 
resources is likely to change. We propose to identify how far women's rights to 
land and trees are suppressed compared with men and to assess the consequences 
of such restricted rights on the efficiency and welfare outcome of forest and farm 
resource management. The gender analysis is carried out particularly in the con­
text of western Ghana and western Sumatra, where land tenure institutions have 
been transformed from communal to individualized ownership. 

The summary of research findings and policy implications is discussed in 
Part V. In particular, we advocate the establishment of profitable agroforestry 
and the promotion of incentive-compatible forestry projects as ways to reduce 
poverty and restore tree-based environments in areas where they have a com­
parative advantage by enhancing the efficiency of resource allocation. 
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3 Agroforestry Management in Ghana 
AGNES QUISUMBING, J. B. AIDOO, 
ELLEN PAYONGAYONG, AND KEIJIRO OTSUKA 

Ghana is a predominantly agricultural country, and 95 percent of its total area 
of 239,000 square kilometers is potentially suitable for agriculture. In the 
1990s, the agricultural sector accounted for about 44 percent of the GDP and 
employed about 59 percent of the labor force (World Bank 1998). In the 1970s, 
the latest date for which statistics are available, its contribution to foreign ex­
change earnings was 62 percent, and it produced 60 percent of industrial raw 
materials (Land Use Planning Committee of Ghana 1979). Its importance for 
national development therefore cannot be disputed. 

If agriculture is the engine of growth of the Ghanaian economy, the cocoa 
sector is its hub. Growth trends in the country's economy have been critically 
influenced by the performance of the cocoa sector.1 Over the past two decades, 
however, both cocoa production and cocoa prices on the world market have 
been declining. The country's output dropped from 401,000 metric tons in 1975 
to 159,000 metric tons in 1983 and, after rebounding slightly, has stagnated at 
around 280,000 metric tons for the past 10 years. Nonetheless, the importance 
of cocoa still remains high for the economy; cocoa contributes 24 percent of 
foreign exchange earnings (Institute of Statistical, Social, and Economic Re­
search 1995), whereas 18 percent of the total population of the country is in the 
cocoa sector (Ghana Statistical Service 1995). For most households in south­
western Ghana, it is the main, if not the only, source of livelihood. The popu­
lation of cocoa farmers is likely to increase as cocoa frontier areas continue to 
attract migrants. Furthermore, the government has adopted a price incentive 
policy that increased the proportion of domestic to world cocoa prices from 6 
percent in 1983 to 50 percent in the mid-1990s. 

We are grateful for constructive comments on the earlier draft by George Benneh. 
1. For example, when cocoa production fell by 9.6 percent from 1993 to 1994, the agricul­

tural growth rate dropped from 2.5 percent to 1.0 percent, and the growth rate of the entire econ­
omy declined from 5.0 percent to 3.8 percent (Institute of Statistical, Social, and Economic Re­
search 1995). 

53 
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The indigenous method of cocoa production has remained essentially un­

changed. Although new hybrid varieties are being introduced, cultivation is still 
based on extensive use of land with no application of chemical fertilizer and 
minimal use of pesticides. Since the soil of the natural forest is inherently fer­
tile, farmers have a strong desire to clear forests for cultivation. In fact, because 
virgin forests have been cleared to produce cocoa and food crops under shift­
ing cultivation for the past hundred years, it is estimated that Ghana's rain­
forest area has declined from 8.2 million hectares to 2.1 million hectares (Ortsin 
1998). Out of 2.1 million hectares, 1.7 million hectares are reserve forest areas. 
It will not be long before the remaining forests outside the reserves disappear 
altogether. Given the high population growth rate and declining trend of cocoa 
production, the improvement of land use practices to sustain the cocoa indus­
try is becoming an increasingly important issue. 

Population pressure on limited land resources has resulted in shorter fal­
low periods under shifting cultivation, which has reduced soil fertility and, 
hence, sustainability of shifting cultivation. In the case of cocoa production, co­
coa and food crops are intercropped for the first few years, and after cocoa trees 
mature, only cocoa is cultivated on the land. Consequently, the expansion of 
cocoa area entails a reduction of food cultivation area. Whether the expansion 
of cocoa area at the expense of area devoted to food crops is desirable for farm­
ers remains to be verified. Moreover, the role of customary land tenure in the 
allocation of limited land resources for food cultivation, fallow, and cocoa pro­
duction is not well understood. 

All land used for cocoa cultivation in Ghana is under customary land own­
ership, in which land use rights have traditionally been granted to the extended 
family, even though the ultimate ownership rights were vested in the village 
chief (Asenso-Okyere, Atsu, and Obeng 1993). Tenure arrangements, however, 
have been evolving toward individualized ownership over time. When popula­
tion was small and virgin forests were abundant, migrants were allowed to clear 
forests for cultivation, and this process resulted in the rapid reduction of forest 
areas, as vividly described by Hill (1963). With the disappearance of virgin 
forests, migrants lost such opportunities and instead sought tenancy and care­
taker (or labor) arrangements (Benneh 1989). Meanwhile, land tenure arrange­
ments for the indigenous population have also undergone substantial changes 
from ownership by the extended family under the uterine matrilineal inheri­
tance system to more individualized ownership systems. This chapter attempts 
to explore the causes of evolutionary changes in customary land tenure institu­
tions and their consequences on the efficiency of land use for food production, 
fallow, and cocoa production. 

The organization of this chapter is as follows. An overview of the cus­
tomary land tenure institutions in western Ghana is presented in the next sec­
tion. We then discuss the sampling strategies used in the extensive and inten­
sive studies along with a description of the study sites. In the section on the 
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extensive survey study, we present major hypotheses followed by the estima­
tion of functions explaining the choice of land tenure institutions and the mode 
of land acquisition. The section on the intensive study consists of subsections 
on major hypotheses and the estimation of a cocoa-tree-planting function, a fal­
low choice function, and net revenue and labor allocation functions for cocoa 
cultivation and food crop cultivation. Finally, the overall policy implications 
from both studies are discussed in the last section. 

Customary Tenure Systems in Western Ghana 
Uncultivated forestland is owned by the community or village, and the village 
chief serves as the custodian of forest area. In reality, village forest is open ac­
cess for the community members, as was the case also for migrants when forest­
land was abundant (Berry 1963; Hill 1963; Robertson 1982). Thus, the clear­
ance of forest is easily approved by the chief, so long as forestland is available. 
Forest clearance requires a large effort, and those who clear forests are rewarded 
by relatively strong individual rights to land. Such individually rewarded land 
rights are further strengthened if land converters make long-term or permanent 
improvements in the land, such as tree planting. Land rights, however, tend to 
become weaker if land is put into fallow over extended periods. The majority of 
people in western Ghana belong to the Akan ethnic group, which practices uter­
ine matrilineal inheritance, whereas a number of inhabitants in migrant villages 
belong to non-Akan ethnic groups, which are generally subject to the patrilineal 
inheritance system. The mode of land transfer has been evolving over time. 
When virgin forests were abundant, forests were appropriated primarily by 
young males before marriage mainly for production of food crops. Traditionally, 
in the Akan matrilineal system, this type of land was either bequeathed to 
nephews or allocated to other male members of the extended family, in accor­
dance with the decision of the family head. Wives and children were left with 
no rights to a man 's property if he died intestate (Brydon 1987). Uncultivated 
fallow land was often allocated temporarily to members of the extended family, 
who possessed small landholdings. More recently, the appropriated village land 
is increasingly being transferred directly to one's wife and children, and even 
the family land is often transferred to them with the consent of the family mem­
bers, particularly after the land was planted either wholly or partially with cocoa 
trees. Such inter vivos transfers are termed "gifts" in our study areas, and indi­
vidual rights on such land are firmly established.2 It is believed that gifts are used 
to circumvent existing matrilineal rules so that children may become heirs to 

2. Such inter vivos gifts are formalized by the recipient's presenting ritual drinks to family 
elders and other witnesses in the aseda (thanksgiving) ceremony. The drink is the physical expres­
sion of appreciation for the gift and is crucial so that the transfer of land rights by gift will not be 
contested in the future. When a husband gives land to his wife and children, it is their responsibil­
ity to provide the drinks, although a husband may secretly do so if the recipients cannot afford it. 
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their parents' land (Migot-Adholla et al. 1993). Land rights have also been more 
clearly individualized among migrants, who either have nuclear families or prac­
tice patrilineal inheritance in which a relatively small number of sons within a 
single family are qualified to inherit their father's land. In contrast, a large num­
ber of heirs, including brothers and nephews of the deceased, are qualified for 
inheritance under uterine matrilineal systems. 

Individualization or privatization of land rights amounts to the demise of 
traditional matrilineal inheritance, that is, the allocation of cultivated land 
among male members within the husband's extended families. Instead, land 
will be transferred to the most preferred persons at will by the landowner. In­
dividualization, along with greater scarcity of land, will also promote the de­
velopment of land rental and sale markets. The degree to which such market 
transfers of land contribute to production efficiency is another important em­
pirical question. 

The process of individualization of land tenure institutions may have been 
strengthened by the passing of the Intestate Succession Law (ISL, PNDCL 111) 
in 1985, which provides for the following division of the farm: three-sixteenths 
to the surviving spouse, nine-sixteenths to the surviving children, one-eighth to 
the surviving parent, and one-eighth in accordance with customary inheritance 
law (Awusabo-Asare 1990). Thus, the law allows children and wives to gain 
access to land that they were previously denied under traditional law.3 

Study Sites 
We conducted an extensive survey of 60 villages in the most active cocoa-
growing regions in Ghana: the Western Region, the Brong-Ahafo Region, and 
the Ashanti Region in 1996/97 (Figure 3.1). In the Western Region, two areas 
were surveyed covering two districts each, the Wassa area and the Sefwi area. 
Sefwi and Wassa have different migration and settlement histories and are ad­
ministratively and linguistically distinct, although the languages are related. 
Cocoa cultivation has historically spread from the Eastern Region toward the 
Ashanti and Brong-Ahafo Regions in the 1940s and 1950s and farther toward 
the frontier area of the Western Region during the 1950s and 1960s (Berry 
1963; Hill 1963). The diffusion of cocoa to Wassa and Sefwi continued in the 
1970s and 1980s. We randomly selected 15 villages each in the Brong-Ahafo 
and Ashanti Regions and 15 each in Wassa and Sefwi, of which 9 are prede­
termined to be indigenous villages and 6 are migrant villages. A group inter­
view with village leaders and other members was conducted to obtain infor­
mation about land rights under different land tenure institutions, among other 

3. Interestingly enough, the common interpretation of the ISL is one-third each among 
spouse, children, and maternal family. This is remarkably similar to the abusa share tenancy 
arrangement, which is discussed subsequently. 
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things.4 Population census data collected in 1984 were also obtained for 58 vil­
lages.5 Data on village land area, total as well as cultivated and uncultivated ar­
eas, however, are not available. In order to construct indicators of population 
pressure at the village level, we conducted a survey of seven randomly selected 
households in each village.6 We also obtained information about the mode of 
land acquisition and cocoa planting and yields from these sample households. 
Unless otherwise indicated, the extensive survey data used in this chapter come 
from the survey of seven households in each of the 60 villages. 

For the intensive survey, we conducted a survey of households in 1996/97, 
which were surveyed by the World Bank in 1987/88 in 10 selected villages in 
the Wassa area of western Ghana (Migot-Adholla et al. 1993). With the ex­
ception of reserve areas, virgin forests have already disappeared in our study 
sites. Our study sites are mostly hilly, and the deterioration of forest environ­
ments has resulted in soil erosion and other negative environmental externali­
ties. Cocoa fields are usually covered by tall shade trees, as cocoa trees are 
grown better in shade. The establishment of cocoa agroforestry in sloping land 
would reduce soil erosion and contribute to the partial restoration of tree bio-
mass and biodiversity (Gockowski, Nkamleu, and Wendt 2001). Valuable tim­
ber trees, however, are not grown as shade trees, because farmers are not al­
lowed to own such trees. 

We originally intended to create a panel data set by revisiting those house­
holds surveyed in the earlier World Bank study. However, land tenure status in 
the previous survey was not clearly defined, and parcels owned by women in 
male-headed households were not included.7 Furthermore, because of the 

4. Since people seldom consider the land rights under different land tenure institutions ex­
plicitly and systematically, it took considerable time to arrive at consensus on each question. This 
experience led us to believe that it is not feasible to obtain accurate information on land rights from 
interviews with individual households. 

5. As the migrant population increased, migrants, who tend to live in the periphery of in­
digenous villages, eventually formed new villages. Two of our migrant villages had not yet been 
established by 1984. Although we attempted to compute the population growth rate at the village 
level from 1970 to 1984, it was not possible to do so, because of the establishment of new villages 
and associated changes in village areas. 

6. We had previously conducted a survey of 15 households in each village. Because of the 
extreme complexity of land tenure institutions, the use of local and varying measurement units for 
land areas, and inexperience of enumerators, this data set suffered from inaccuracy manifested in 
unbelievably large numbers and the lack of information about land parcels owned by female house­
hold members. Therefore, we subsequently conducted another survey of seven households in each 
village and paid more careful attention to consistency and plausibility of replies by our respondents 
and to ownership of land by women. We found that, as of 1997, women own about 10 percent of 
land in indigenous villages and 8 percent in migrant villages. 

7. The only parcels managed by women in the World Bank study were in female-headed 
households. Also problematic are the lack of distinction between patrilineal and matrilineal inher­
itance rules and between female household heads and female plot managers in male-headed house­
holds and the lack of information on the intensity of tree planting. Neither was the productivity of 
cocoa and food crop cultivation considered separately. 
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FIGURE 3.1 Location of study sites in Ghana 

changing distribution of area across land tenure types, the World Bank samples 
no longer correspond to the actual distribution of land by tenure status in 1996. 
We also found the sample size of 150 randomly selected households in the ear­
lier survey too small for our purpose, considering the complexity of the pre­
vailing land tenure institutions. Thus, after conducting a census survey of 1,878 
households in the 10 survey villages, we chose 281 households based on 
stratified random sampling of pure owners, pure tenants, pure caretakers (who 
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manage mature cocoa fields, usually for absentee owners), owners-cum-
tenants, owners-cum-caretakers, and tenant caretaker households.8 Sample 
sizes were allocated to the 10 villages in proportion to village population, and 
to the extent possible, the earlier sample households that agreed to be reinter-
viewed were included. 

For each sample household, we collected information on land tenure sta­
tus and land use of all parcels, which are defined as contiguous areas of land ac­
quired at the same time through a single mode of acquisition. We also collected 
land use histories for all these parcels, including previous land use and dates 
when land was converted to different uses. From all the fields currently held by 
the household, we then randomly sampled mature and young cocoa fields and 
food-producing fields managed separately by men and women and by tenants, 
owners, and caretakers if different field managers coexisted in the same house­
hold.9 

Extensive Study 

Land Use and Land Rights 
Annual crop fields and fallow areas under shifting cultivation, including sec­
ondary forests, exist along with cocoa fields in our study sites (Benneh 1987, 
1989). Table 3.1 summarizes the land use patterns, average farm size, and 
person-land ratio in indigenous and migrant villages. Indigenous villages tend 
to have larger farm sizes, a lower person-land ratio, and a large area devoted to 
bush-fallow land. Cocoa area per farm, however, is slightly lower in indigenous 
villages than in migrant villages. Indigenes are the original owners of land from 
whom migrants acquire land and are thus more likely to have larger landhold-
ings.10 Migrants are also more likely to have acquired land through rental 
agreements that require cocoa planting. 

Table 3.2 shows the distribution of currently adopted inheritance rules by 
Akans and non-Akans in indigenous and migrant villages.11 Among the tradi-

8. A total of 281 households were interviewed, but 23 were dropped for various reasons 
(including noncompletion of questionnaires for all three rounds). This brings the total to 258 house­
holds. The household tenure status can only be created for 257 households, since the tenure vari­
able for some fields is missing in one household. Our subsequent discussion refers to the 257 re­
maining households. 

9. A field is defined as a portion of a parcel characterized by the same cropping pattern. 
10. An alternative hypothesis is that migrants are individuals who self-select into growing 

cocoa. This explanation, however, is unlikely to be important, given massive immigration not of 
isolated individuals but of whole extended families or clans into our study regions from outside. In 
fact, massive migration from the eastern to the western frontier regions has been a major process 
in the development of the cocoa industry in Ghana (Hill 1963). 

11. We used data obtained from 408 households rather than the full sample of420, because 
of missing and inconsistent data from 12 households. 
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TABLE 3.2 Distribution of currently adopted inheritance rules by ethnic group and 
type of village 

Number of Intestate 
Sample Succession 

Households Matrilineal Lawa Patrilineal 

Akan people: 
Indigenous villages 235 
Migrant villages 120 

Non-Akan people: 
Indigenous villages 11 
Migrant villages 42 

(percentage) 
45.1 40.4 14.5 
41.7 40.8 17.5 

0.0 18.2 81.8 
7.1 11.9 80.9 

SOURCE: Extensive survey. 
"Common interpretation of the Intestate Succession Law is one-third equal sharing among spouse, 
children, and maternal family. 

tionally matrilineal Akans, the percentage of households reporting that they fol­
low the ISL is quite high (about 40 percent), and some households even report 
the practice of patrilineal descent. In contrast, among non-Akans, the predom­
inant pattern of inheritance is patrilineal (80 percent), and only 12 to 18 percent 
of households follow the ISL. It appears that the ISL has little effect on patri­
lineal inheritance practice, in which land tenure systems are inherently more 
individualized. 

Table 3.3 presents the distribution of land by mode of acquisition in mi­
grant and indigenous villages. Inherited land accounts for a smaller share of 
land than land received as gift, particularly in indigenous villages. Transfer of 
land to sons as gift has been practiced historically (Hill 1963), but the inci­
dence of gifts to wives seems to have increased in recent periods.12 The larger 
share of gift land would reflect a shift to individualized property rights, reduc­
ing the matriclan's control over land. In indigenous villages, the share of tem­
porarily allocated family land is also larger than inherited land, suggesting that 
the importance of allocated family land also increased at the expense of inher­
ited land. 

As may be expected, appropriated village forestland with permission from 
the village chief accounts for a larger share in indigenous villages than in mi­
grant villages, even though indigenes migrating to nearby migrant villages ap-

12. We examine historical changes in importance of gifts and other modes of land transfer 
using intensive household survey data later in this chapter. See Quisumbing et al. (2001) for a re­
lated analysis of the impact of the individualization on land rights of men and women in western 
Ghana. 
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TABLE 3.3 Distribution of area under different land tenure regimes in 
western Ghana 

Indigenous Villages Migrant Villages 
(percentage) 

Allocated family land 22.4 8.5 
Inherited family land 13.2 17.9 
Appropriated village forestland 18.1 9.7 
Purchased village forestland 0.4 12.4 
Received as gift 33.0 25.8 
Privately purchased 3.8 5.2 
Acquired through renting 1.0 3.3 
Currently renting 6.6 15.5 
Others 1.5 1.7 
SOURCE: Extensive survey. 

propriated land from the chiefs of their original villages. More often, migrants 
acquired village forestland by purchase through presenting tributes, the most im­
portant of which was schnapps, to the chiefs of indigenous villages. Hill (1963) 
observed that the chiefs were glad to seize the opportunity of selling land out­
right to enterprising migrants. As uncultivated forestland has disappeared, rent­
ing land under share tenancy arrangements, called abusa (one-third of land own­
ership for the tenant) and abunu (50:50), has become the primary means for 
migrants to acquire access to land (Robertson 1982; Boadu 1992). In these ten­
ancy contracts, tenants are requested to plant cocoa trees usually on bush-
land and manage cocoa trees until the whole field is planted to cocoa, at which 
time land ownership, rather than output, is usually divided between tenant 
and landowner (Asenso-Okyere, Atsu, and Obeng 1993).13 The fact that rent­
ing is widely practiced with ultimate division of land ownership between the 
contracting parties suggests that land ownership rights have been strongly in­
dividualized so as to allow for the alienation of land that was formerly to be 
transferred to other family members. This inference is reinforced by the non-
negligible incidence of private land purchase, which has traditionally been 
prohibited.14 

13. The major harvesting season of cocoa extends from October to January. We suspect that 
the major reason for dividing land rather than sharing output lies in the difficulty for the owner to 
check cocoa output accurately. If output cannot be measured accurately, the tenant may be able to 
cheat the owner. See Otsuka, Chuma, and Hayami (1992) and Hayami and Otsuka (1993) for sur­
veys of share tenancy literature. 

14. Since we did not anticipate the prevalence of private land purchase, we failed to ask 
about land rights on privately purchased land in our formal group interviews. However, informal 
interviews suggest that strong rights, comparable to those of gifts, are conferred to individuals who 
purchase land using their own funds. If purchase is financed by a group of extended family mem­
bers, however, individual land rights are rather weak. 
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In order to measure the strength of the individualization of land rights un­

der different land tenure institutions, we asked through group interviews 
whether the following six rights exist: (1) to plant and replant trees, (2) to rent 
out land, (3) to pawn, (4) to bequeath, (5) to give, and (6) to sell. The numbers 
in Table 3.4 show the average number of cases in which farmers have rights 
without approval from family members or the village chief. The weakest land 
rights are observed in temporarily allocated family land, in which even tree 
planting is not allowed. Thus, if land tenure security at the time of tree plant­
ing determines investment incentives, we expect to observe that cocoa trees are 
seldom planted in allocated family land. Land rights are also weak in inherited 
land among matrilineal Akan households, which is in contrast to the case of pa­
trilineal households bestowed with fairly strong rights on inherited land. It 
seems that land rights are more easily individualized in patrilineal society, as 
the interests in the same piece of land are shared primarily by a small circle of 
individuals, consisting of a father and his sons. 

Strong land rights are also observed in formerly village forestland, 
whether appropriated by indigenes or purchased by migrants. The rights are 
somewhat stronger in migrant villages presumably because migrants are less 
subject to the tradition of the family ownership of land. Strong land rights ac­
crue on cleared forestland, because efforts to clear forest are rewarded by strong 
individual land rights. The strongest land rights are observed in tree-planted 
land received as gift by the current landholder. Gifts are usually made by a fa­
ther to his children and sometimes to his wife, after seeking consensus from 

TABLE 3.4 Index of land rights under different land tenure regimes in 
western Ghana 

Indigenous Village Migrant Village 
Temporarily allocated family land 

Food cropland from father 0.1 0.1 
Food cropland from family 0.5 0.3 

Inherited family land 
Akan (matrilineal) 1.1 1.0 
Non-Akan (patrilineal) n.a. 3.3 

Village forestland 
Appropriated by indigenes 3.0 3.4 
Purchased by migrants 3.0 3.9 

Tree-planted land transferred as gift 
From father 4.9 5.3 

SOURCE: Based on group interviews in extensive survey. 
NOTE: The following six rights are considered: (1) plant or replant trees; (2) rent out land; (3) pawn; 
(4) bequeath; (5) give; and (6) sell. The numbers in this table show the average number of cases in 
which farmers have rights without approval from family members or village chief, "n.a." refers to 
"not applicable." 
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members of the extended family. The strong rights are conferred to reward the 
effort exerted to plant and grow trees. This observation indicates that incentives 
to plant trees on allocated family land and inherited land may be strong if indi­
vidual land rights are strengthened by planting trees, as was demonstrated in 
Chapter 1. It is a mistake to assume that incentives to invest in land governed 
by customary land tenure rules are universally very weak. 
Determinants of Land Tenure at the Village Level 
It was postulated in Chapter 1 that population pressure on land induces changes 
in customary land tenure institutions from family ownership (for example, ac­
quired through allocation and inheritance) to individualized ownership (for ex­
ample, through gift). We hypothesize in the context of Ghana that the advent 
and widespread adoption of gifts serve the role of providing incentives to in­
vest in trees. As is emphatically argued by Platteau (1996), however, this au­
tonomous process of evolution of land rights institutions will not lead to the es­
tablishment of complete private ownership system with land titling, which 
completely internalizes externalities associated with incomplete or insecure 
land ownership. 

Note that in order to transfer land through gift, the agreement of the line­
age head (abusuapanin) and other members of the extended family or lineage 
(abusua) must be obtained. Thus, the incidence of gifts is determined not only 
by the characteristics of the household that received land but also by those of 
the extended family. It is therefore appropriate for our hypothesis testing to use 
village-level data on population pressure and the incidence of gifts and other 
land tenure systems. Thus, we constructed estimates of the proportions of land 
under (1) family ownership (that is, allocated and inherited land) and individ­
ualized ownership acquired by (2) gift, (3) forest clearance, and (4) private pur­
chase and renting, using data from the survey of seven households per village. 
We then estimated the following reduced-form functions explaining the inci­
dence of the various land tenure institutions using a common set of explanatory 
variables: 

S;. = aQi + alt (population pressure indicators) 
+ a2i (proportion of migrant population) 
+ a3i (a vector of other village characteristics) 
+ a4i (regional and area dummies) + e (1) 

where S( stands for the proportion of z-th type of land ( ? ' = ! , . . . , 4), a„ are pa­
rameters, e. is the error term, and all explanatory variables are village-specific 
except for regional dummies.15 Population pressure is measured by the person-

15. Since the sum of 5. is unity, it is redundant to estimate the four share functions except to 
show the significance of coefficients directly. 



Agroforestry Management in Ghana 65 
TABLE 3.5 Means of other explanatory variables for village-level regression 
analysis on land tenure choice 

Indigenous Village Migrant Village 
Distance to nearest market town (km)a 13.9 18.6 
Proportion of nonfarm households in 

1984 (percentage)13 8.2 4.2 
School attendance ratio in 1984 

(percentage)b 26.0 21.0 
Proportion of migrant population in 1995a 31.5 87.2 
SOURCES: Extensive survey; 1984 Population Census. 
"Based on group interviews. 
bBased on population census. 

land ratio as a proxy for population density. We hypothesize that the person-land 
ratio has a positive effect on the incidence of individualized forms of land tenure. 

Village characteristics include distance to the nearest market town, the pro­
portion of nonfarm households, school attendance ratios, and the proportion of 
migrants in the population (Table 3.5). School attendance ratio is used to cap­
ture the average quality of human capital and thus the quality of labor in the com­
munity. It is clear that migrant villages are located in more remote areas with 
less access to nonfarm jobs. There was, however, not much difference in pri­
mary school attendance ratios in 1984 between indigenous and migrant villages. 

Since some categories were nonexistent in some villages, the proportion in 
various land tenure categories would be bounded upward by 100 and downward 
by 0. We thus applied the two-limit tobit estimation method, and the results are 
exhibited in Table 3.6. We also included the percentage of female-headed 
households and the percentage of Akan households in each village among the 
regressors, but none of these variables was significant, and regressions with these 
variables are not reported. It is possible that there is not much variation in these 
variables across villages; gender differences in household structure and inheri­
tance practices are more likely to affect household-level outcomes. Moreover, 
village-level variables created from only seven household observations per vil­
lage may not capture intravillage variation adequately.16 

The coefficient of the person-land ratio is positive and highly significant 
in the gift equation, which supports our hypothesis that population pressure in­
duced institutional innovation toward individualized land tenure. One may ar­
gue that person-land ratio is endogenous and thus that the estimated coefficient 
is biased. It is, however, unreasonable to assume that the prevalence of gift leads 

16. We did not include the indigenous village dummy because it is highly correlated with 
the proportion of migrants in the population (r = - .70). 
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TABLE 3.6 Determinants of proportions of areas under different land tenure 
institutions at the village level: Tobit regression 

Market 
Family Village Acquisition 
Landa Gift Forestland Land" 

Intercept 0.476** 0.197* 0.041 0.044 
(3.86) (1.99) (0.32) (0.51) 

Person-land ratio -0.070 0.183* -0.009 -0.073 
(-0.71) (2.33) (-0.09) (-1.05) 

Proportion of 
migrant population -0.001** 0.0003 -0.0003 0.001** 

(-2.47) (0.62) (-0.43) (2.66) 
Distance to town -0.003* -0.002 0.006** -0.0001 

(-1.70) (-1.40) (2.99) (-0.06) 
Proportion of nonfarm 

households -0.002 0.002** 0.0002 -0.001 
(-1.46) (2.42) (0.20) (-0.94) 

School attendance 
ratio in 1984 0.348 -0.313 0.243 0.222 

(1.46) (-1.64) (0.97) (1.33) 
Wassa dummy -0.065 -0.038 0.090 0.002 

(-1.14) (-0.84) (1.57) (0.06) 
Sefwi dummy -0.096 0.03 0.084 -0.011 

(-1.55) (0.61) (1.34) (-0.25) 
Brong-Ahafo dummy -0.147** 0.017 0.018 0.101** 

(-2.62) (0.38) (0.32) (2.57) 
Log likelihood 32.06 44.95 26.64 43.02 
Chi-square 20.05 16.31 17.75 29.21 
p-value 0.01 0.04 0.02 0.0003 
Number of observations 58 58 58 58 
NOTE: Two-limit tobit estimates; ancillary parameter O" not reported, /-statistics in parentheses. 
One-tailed tests. 
aThe sum of inherited and allocated family land areas. 
bThe sum of areas purchased, rented, and acquired through past renting. 
*,05 level 
**.01 level 

to an increased person-land ratio, as gifts are not available to migrants. In any 
case, the person-land ratio is closely correlated with the incidence of gift. As 
expected, the proportion of migrant population is negatively associated with the 
share of family land. Because migrants have less access to village forestland, 
they acquired cultivation rights mainly by renting in land or sometimes pur­
chasing land from indigenes, as is indicated by positive coefficient of the pro-



Agroforestry Management in Ghana 67 
portion of migrant population in the market acquisition land equation. Strictly 
speaking, migration is endogenous, and migrants are likely to seek villages that 
are known to sell land. The negative effect of the migrant population on access 
to village forestland indicates that the opportunity for migrants to acquire vil­
lage forestland has been largely exhausted. 

Other variables are insignificant except in two cases. First, distance to 
town has a positive effect on the proportion of forestland, which indicates that 
remaining forests are largely concentrated in areas quite remote from roads and 
urban centers. Second, the Brong-Ahafo dummy also has a negative effect on 
the proportion of forestland and a positive effect on acquired nonforest land, 
suggesting that land tenure institutions have evolved toward market-based 
transactions in this region. This is not surprising because Brong-Ahafo was one 
of the earlier destinations of the westward geographical movement of cocoa 
area from the Eastern Region (Hill 1963). 

Recall that the person-land ratio and shares of land areas under different 
land tenure institutions were estimated from data obtained from interviews of 
seven households in each village. In all likelihood, owing to the small number 
of observations per village, they are subject to measurement errors. Nonetheless, 
it is remarkable to find a significant relationship between population pressure and 
the emergence and widespread adoption of gifts in customary land areas. 
Determinants of Land Acquisition at the Household Level 
The village-level regressions are useful to identify factors affecting the choice 
of land tenure institutions, but we cannot assess how households choose among 
different land tenure institutions and how these choices are interrelated. Thus, 
we use household-level data to analyze the behavior of households regarding 
the acquisition of land. Although it is reasonable to assume that the acquisition 
or clearance of forestland, rental and purchase of land, and the development of 
agroforests reflect choices made by an individual household, the acquisition of 
land through inheritance and family allocations is determined primarily by the 
extended family. 

Table 3.7 shows the average year of land acquisition by land tenure, 
together with proportion of cocoa area and cocoa yield, which are examined 
in the next section.17 Several important observations can be made. First, vil­
lage forestland was acquired in the earliest years. This is partly because village 
forestland was acquired primarily by young unmarried males and partly be­
cause forestland had been exhausted mostly in the 1970s. Clearing forestland 
to establish one 's own farm was a rite of passage for young Ghanaian males. 
Among our respondents, the average age at marriage was 25 years, and they 

17. We analyzed the determinants of cocoa tree planting and yield at the parcel level using 
the extensive survey data (see Quisumbing et al. 2001). We do not report the results here, because 
the results using the intensive household data are similar and more reliable. 
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TABLE 3.7 Proportion of area planted to cocoa trees before acquisition and in 1997, 
average year of land acquisition, and cocoa yield in 1997 by land tenure type in 
western Ghana 

Proportion of Cocoa Area Average 
Year of Land Before 
Acquisition Acquisition 1997 Yield3 

(percentaj (kilograms/ 
hectare) 

Acquired village forestland 
Indigenous villages 1975 0.0 62.2 172.7 
Migrant villages 1968 0.0 68.8 258.6 

Inherited land 
Indigenous villages 1980 28.0 35.9 184.8 
Migrant villages 1979 40.2 53.3 316.1 

Allocated family land 
Indigenous villages 1983 16.7 38.8 139.4 
Migrant villages 1990 24.2 46.4 150.9 

Land received as gifts 
Indigenous villages 1982 20.5 50.8 167.2 
Migrant villages 1983 25.2 64.4 176.6 

Acquired land though renting 
Indigenous villages 1987 19.1 60.8 203.2 
Migrant villages 1975 29.2 70.0 316.4 

Rented land 
Indigenous villages 1990 2.6 46.9 142.1 
Migrant villages 1989 2.2 55.4 111.0 

Purchased land from nonfamily 
Indigenous villages 1984 3.6 48.9 170.7 
Migrant villages 1983 3.8 62.4 202.6 

SOURCE: Extensive survey. 
"Production per farmland planted to cocoa. 

would have cleared forestland roughly 19 years ago, in 1976. The last time 
forestland was acquired from the chief or through purchase of village land was 
in 1989. Second, the transfer of family land through inheritance, allocation, and 
gift would have occurred for the average household in the early 1980s. Third, 
except for the case of land acquisition through land rental in migrant villages 
where migrants acquired cultivation rights in earlier years, the acquisition of 
land through renting and private purchase generally occurred in later years.18 

18. Renting land is a traditional practice for migrant households. Many early migrants who 
could not afford to purchase land engaged in share tenancy contracts; the recent increase of renting 
among indigene farmers may indicate the exhaustion of other traditional modes of acquiring land. 
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The above observations indicate that a man follows a sequential decision­

making process with respect to land acquisition over his life cycle: if forestland 
is available, he acquires it through clearance when he is young, acquires fam­
ily land through inheritance, allocation, and gift when he gets married, and later 
acquires additional land through renting and private purchase. There is a pos­
sibility that the acquisition of forestland by clearing depends on how much land 
is anticipated to be allocated or inherited in future. This is, however, unlikely 
to be important, because how much family land is transferred to a particular in­
dividual is the decision of the extended family, which often consists of more 
than 40-50 members. Although forestland is largely open access, forest clear­
ance requires a great deal of hard work. Moreover, forests in accessible areas 
have increasingly disappeared over time. It is therefore reasonable to specify a 
recursive system of equations in which, first, the acquisition of forestland is de­
termined by exogenous forces; second, the acquisition of family land is ex­
plained by the amount of forestland acquired as well as the exogenous forces; 
and finally, the acquisition of land through market transactions is accounted for 
by the entire set of predetermined land areas under different land tenure insti­
tutions and other exogenous factors. That is: 

Forestland = bQ + bx (vector of exogenous variables) + el (2) 

Family land or inheritance = cQ + cx (vector of exogenous variables) 
+ y (forestland) + e2 (3) 

Purchased or rented land = dQ+ dx (vector of exogenous variables) 
+ 5 j (forestland) + 82(family land)+ ey (4) 

where bf c., and dt are parameters and e. is an error term. 
The exogenous variables in our estimation include the age of the house­

hold head, the year of marriage (a proxy for the start of own farming), years of 
schooling, a dummy for patrilineal household, a dummy for being a migrant to 
the village, distance to town, and regional dummies. We test two specifications: 
in the first, we use current holdings of forest- and family land as regressors in 
the subsequent equations; in the second, we use forest- and family land acquired 
prior to the first date of acquisition of family land and acquired nonforest land, 
respectively. The second definition imposes a more rigorous definition of pre­
determined forest and family landholdings. 

We hypothesize that the egalitarian motive of customary land tenure insti­
tutions leads to a reduction in the amount of family land transferred to a house­
hold if the latter has already acquired village forestland. The transfer of family 
land will be also smaller in the case of patrilineal households as land tenure 
institutions are more clearly individualized. We also hypothesize that if land 
acquired through forest clearance and transfer of family land is insufficient, 
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additional land will be acquired through renting and purchase. In other words, 
increased scarcity of land induces the development of land rental and sale 
markets. 

Since certain types of land are not observed in a number of sample house­
holds, and because unobservable village characteristics may affect land acqui­
sition decisions, we applied Honore's (1992) tobit estimation method with vil­
lage fixed effects.19 The results are shown in Table 3.8. The first column shows 
the determinants of forest area acquisition by households. The age of the house­
hold head has a positive and highly significant effect, which indicates that cul­
tivable primary forests have largely disappeared in recent years as a result of 
the clearance of primary forests on a first-come basis. The dummy for being a 
migrant to the village has a positive effect on acquired forestland. This may 
reflect migrant households' strong desire to acquire land for cultivation, given 
the availability of forestland in the village.20 The dummy for a patrilineal 
household has a negative effect on forest acquisition. Patrilineal households, 
which usually consist of long-distance non-Akan migrants, have no rights to 
clear forests, unlike short-distance Akan migrants. 

The next two columns display the estimation results for the acquisition of 
family land including gifts. We initially hypothesized that the prior acquisition 
of forestland would have a negative coefficient, in line with the view that com­
munal land tenure institutions are designed to achieve equitable distribution of 
land. In the first specification, in which current forestland was used as an ex­
planatory variable, however, this coefficient is not significantly different from 
zero. In the second specification, using the strict definition of predetermined 
forestland led to nonconvergence of the estimates, and this variable was 
dropped from the regression for family land. In both specifications, patrilineal 
households and those who have migrated to their current villages of residence 
also have smaller areas of family land because they do not inherit family land 
in the area of relocation. The coefficient of years of schooling is positive, which 
may be taken to imply that the amounts of schooling and landholdings of the 
extended family are positively correlated. 

According to the last two columns, forestland has a negative and sig­
nificant coefficient, while the coefficients of family land are negative but only 
one of them is weakly significant (10 percent). This indicates that households 
seek additional land through renting and purchase when the traditional meth-

19. This estimator is preferred because it is both consistent and asymptotically normal un­
der suitable regularity conditions and assumes neither a particular parametric form nor ho-
moskedasticity. 

20. This result may appear inconsistent with the negative effect of the proportion of migrant 
population on the share of acquired forestland reported in Table 3.6. Note, however, that a dummy 
for patrilineal household is included in Table 3.8 but not in Table 3.6. The results from Table 3.6 
suggest that the positive effect on forest clearance of being born in nearby indigene villages is out­
weighed by the negative effect of patrilineal long-distance migrant households. 
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ods of land transfer are insufficient. In short, land scarcity stimulates land mar­
ket transactions. The negative coefficients of acquired forestland and family 
land also imply that land market transactions transfer land from land-rich to 
land-poor households. There is also indication that better-educated household 
heads are able to acquire land through renting or purchase, probably because 
these require previous savings, managerial ability, and access to information. 
Better-educated individuals may also be engaged in nonfarm activities that pro­
vide easier access to cash for purchasing land. 

Summary and Conclusions for Extensive Study 
Under increasing population pressure, shifting cultivation becomes unsustain­
able because gradual decreases in the fallow period reduce soil fertility. Under 
such conditions, more labor-intensive and land-saving farming systems must 
be established. Doing so requires investment in land, but incentives to invest 
may be weak or close to nonexistent under traditional communal land tenure 
institutions, which are characterized by family or clan ownership of land with 
weak individual land rights. We found, however, that customary land tenure in­
stitutions have evolved toward individualized systems. We also obtained evi­
dence that households with little land through inheritance or forest clearance 
are more likely to acquire land through markets. This evolution has been facil­
itated by the stipulation of the customary land tenure institutions that confers 
strong individual land rights to those who exert efforts to clear forest and to in­
vest in land improvement, including tree planting. So long as population con­
tinues to grow, the profitability of long-term investment for intensified land use 
will further increase, which will either sustain or accelerate the evolution of cus­
tomary land tenure institutions. 

The observations that tree planting confers the right to pass land as a gift 
and that land received as a gift has strong rights imply that it is not necessarily 
land tenure security but, more important in our observation, expected changes 
in land tenure security that affect incentives to invest in tree planting and man­
agement. This is one of the major issues we address using the intensive house­
hold survey data in the next section. 

Intensive Study 

Major Hypotheses for Intensive Study 
We postulate that evolutionary changes in customary land tenure institutions 
have taken place to achieve greater efficiency in the use and allocation of land 
for food crop production and cocoa agroforestry. Shifting cultivation implies 
that land will be periodically put to fallow in order to restore soil fertility. How­
ever, because of tenure insecurity under traditional land tenure institutions, 
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there is no strong guarantee that the cultivator can keep fallow land for his or 
her own use in the future. The most feasible strategy to guarantee use rights is 
to use the land continuously. Thus, we hypothesize that tenure insecurity in­
duces the shortening of the fallow period, which is suboptimal from the culti­
vator's viewpoint. 

In contrast, if trees are planted, individual tenure security is enhanced, and 
rights to give land to desired heirs are strengthened. It is therefore reasonable 
to hypothesize that incentives to plant cocoa trees are affected not only by 
tenure security but also by its expected changes after tree planting. If tree plant­
ing enhances tenure security, incentives to carry out subsequent management 
of trees through such activities as weeding and pruning may be high. In partic­
ular, weeding when trees are young has pervasive long-term impact on the 
growth and future productivity of cocoa trees. Thus, once trees are planted, 
management efficiency may not be so different among parcels under different 
land tenure regimes. In short, we expect that incentives to keep land fallow, 
plant trees, and manage them could be different even for parcels with the same 
tenure status (for example, inherited land), depending on the initial level of land 
tenure security and its expected changes due to tree planting. Using household-
level data, we test these hypotheses by estimating tree-planting, fallow choice, 
and net revenue functions. 
Land Tenure and Land Use 
Table 3.9 shows the distributions of all fields and selected fields by land use type. 
Cocoa trees begin to produce output starting from the fourth to fifth year. We 
classify cocoa fields into mature cocoa fields from which cocoa can be harvested 
and young cocoa fields intercropped with food crops. Although the number of 
mature cocoa fields is smaller than the number of young cocoa fields, mature co­
coa fields are much larger. This is because cocoa trees are planted gradually from 
one portion of the parcel to the next, with new fields being merged with other 
tree-planted fields. Although the majority of cocoa fields are cocoa monocrop 
fields, there are cocoa fields intercropped with other perennials. Fallow land oc­
cupies a large area, whereas land devoted entirely to food crops is less common. 
This is because food crops and cocoa are traditionally grown in an intercropped 
farming system: food crops are planted while the cocoa trees are still young, and 
once the cocoa trees are too tall to provide adequate sunlight for food crops, food 
is no longer grown as an intercrop. Growing food and cocoa intercrops also takes 
advantage of weeding labor, since the ground around young cocoa trees has to 
be kept free from weeds. Since cultivators often do not know the length of the 
fallow period on all their parcels, our data on the duration of the fallow period 
for all selected fields are incomplete. However, available information indicates 
that the fallow period commonly ranges from 5 to 10 years. 

We oversampled food crop fields for the collection of detailed production 
data. Usually various food crops are grown together in an intermingled manner 
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TABLE 3.9 Distribution and size of operational landholdings for all sample and 
selected sample fields, by land use type 

All Fields Selected Fields 
Number of 

Number Size Number Size households (hectares) (hectares) 
Mature cocoa 504 1.85 276 2.02 213 
Young cocoa 701 0.60 218 0.67 187 
Food only 197 0.52 112 0.53 106 
Fallow only 548 2.37 0 n.a. n.a. 
Food and fallow 12 0.54 6 0.43 6 
Others3 39 1.65 0 n.a. n.a. 

Total 2,001 1.42 612 1.25 249 
SOURCE: Intensive survey. 
NOTE: All sample fields refer to all fields of sample households, whereas selected sample fields re­
fer to those fields selected for the detailed input and output survey. A field is defined as a portion 
of a parcel characterized by the same cropping pattern, "n.a." refers to "not available." 
"Fields entirely planted to kola or palm oil trees. 

in the same field, and we identified 12 crop types, including maize, plantain, 
cassava, and yams. We collected one-year production data, but a few crops, 
such as plantain, need more than a year to bear fruit and are continuously cul­
tivated for two to three years in our survey area. Thus, when we estimate the 
net revenue function of food crops, in order to control for the effects of crop 
mix, we used estimates of the proportions of various crops as explanatory vari­
ables, assuming that various crops grown together in multiple-crop fields ac­
count for equal proportions of land area. As may be expected, there are only a 
small number of mixed fallow-crop fields. 

Table 3.10 describes the distribution of land use according to prevailing 
land tenure categories. Among our sample villages, seven are indigenous vil­
lages inhabited primarily by Akan people subject to matrilineal inheritance, and 
three are migrant villages inhabited mostly by migrants generally following pa­
trilineal inheritance. Our sample consists of 85 percent matrilineal, 9.4 percent 
patrilineal, and 5.6 percent mixed households. According to Table 3.10, tem­
porarily allocated family land is more important than inherited land. Renting 
has become a common way for migrants to obtain access to cultivable land. 
Tenants are contracted to plant and establish cocoa trees. Migrants, as well as 
young Akan men, also work as caretakers in mature cocoa fields, for which they 
commonly receive one-third of harvested crop output. A non-negligible num­
ber of fields are borrowed from nonrelatives. 

As in the extensive survey villages, the weakest land rights are observed 
in temporarily allocated family land, in which even tree planting is not allowed 
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TABLE 3.10 Distribution of all sampled fields under different land tenure regimes, 
by land use type 

Mature Young Food Fallow Food/ 
Cocoa Cocoa Only Only Fallow Others Total 

(number of fields) 
Allocated family land 42 62 42 83 3 6 238 
Inherited family land 29 27 5 432 2 3 109 
Appropriated village 

land 52 74 18 64 0 8 216 
Purchased village land 26 19 7 24 0 2 78 
Received as a gift 188 293 72 202 5 16 776 
Privately purchased 12 25 5 19 0 0 61 
Acquired through 

renting 16 8 0 7 0 0 31 
Currently renting 78 185 23 88 0 3 377 
Caretaking 61 5 8 10 1 1 86 
Borrowing from 

nonrelatives n.a. 3 17 8 1 n.a. 29 
Total 504 701 197 548 12 39 2,001 

SOURCE: Intensive survey. 
NOTE: "n.a." refers to "not available." 
(see Table 3.4). Land rights are also weak in inherited land among matrilineal 
Akan households. Yet about one-half of allocated and inherited fields are 
planted to cocoa according to Table 3.11. Although we did not formally collect 
data on land rights on borrowed land, our field interviews indicate that borrowed 
land has even weaker rights than allocated and inherited land. The proportion 
of fields planted to cocoa trees is relatively high in fields received as gifts (Table 
3.11). This observation indicates that incentives to plant trees on allocated fam­
ily land and inherited land may be strong if individual land rights are strength­
ened to permit transfer of family land as a gift by planting trees. 

Actually, transfer of land to a man 's wife and children as an inter vivos 
gift is not a new phenomenon. According to Figure 3.2, which shows changing 
relative importance of different modes of land transfer over time based on re­
call data of our respondents, gift transfers were already practiced in the 1960s. 
It is also important to point out that there was no noticeable increase in the in­
cidence of gift after the enactment of the ISL in 1985, which strongly indicates 
that internal forces, rather than the law, led to the increasing incidence of gift 
as a mode of land transfer. 
Determinants of Cocoa Tree Planting 
Table 3.11 shows the proportion of cocoa fields in the total land area of a par­
cel in 1997, compared with land use patterns before acquisition. Cocoa trees 
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TABLE 3.11 Distribution of land use before acquisition and in 1997, 
by land tenure type 

1997 
Before Acquisition3 Fallow in Shifting 

Forest Cocoab Others0 Cocoaa,b Cultivation Aread 

Allocated family land 10.8 
Inherited land 11.4 
Appropriated village land 92.8 
Purchased village land 87.2 
Land received as a gift 17.9 
Privately purchased 14.5 
Acquired through renting 42.3 
Currently renting 19.0 
Caretaking 0.0 
Borrowing from nonrelatives 0.0 

(percentage) 
3.2 86.1 44.8 65.6 

25.2 63.3 52.8 87.2 
0.9 6.3 60.6 78.0 
1.9 10.9 59.2 77.4 
5.6 76.5 63.3 73.1 
9.1 76.4 60.7 79.2 

15.4 42.3 77.4 100.0 
6.3 74.7 70.3 79.3 

90.7 9.3 77.6 55.2 
0.0 100.0 10.3 30.8 

SOURCE: Intensive survey. 
"Percentage refers to proportion in total land area. 
bIncluding both mature and young cocoa fields, 
including food production and fallow fields. 
Percentage refers to proportion of fields. 

have been planted in 44.8 percent of allocated parcels and 52.8 percent of in­
herited parcels, which suggests that the level of tenure security alone does not 
determine the incidence of tree planting. The proportion of cocoa fields in 1997, 
however, is somewhat higher in parcels with stronger land rights, such as ap­
propriated and purchased village land. The proportions are also high in the case 
of renting and caretaking, because tenants are assigned to plant trees and work­
ers are employed to take care of mature trees. In land received as a gift, the pro­
portion of area under cocoa prior to acquisition was very small. Most of the 
parcels without trees that were later transferred as gifts had been inherited or 
allocated family land used for shifting cultivation and were given after tree 
planting by the father of the recipient, especially in Akan households (45 per­
cent). This confirms that gifts are being used as a way to transfer land to desig­
nated heirs rather than to let it revert to the matriclan after death. 

The maintained hypothesis of this analysis is that cocoa tree planting is 
sufficiently more profitable than shifting cultivation, which seems reasonable 
in view of the continued expansion of cocoa area. We also provide supporting 
evidence later in this chapter. We assume that land tenure institutions may dif­
fer within each household, depending on the gender of the parcel owner, the 
mode of land acquisition, and consequently the tenure status of field managers. 
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FIGURE 3.2 Proportion of land acquisition by type and year in Ghana, five-year 
moving averages 

Percentage of area 
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SOURCE: Extensive survey. 

In order to control for possible correlation between land tenure variables and 
unobservable household characteristics, we estimated a tobit with household 
fixed effects for the proportion of area planted to cocoa.21 

In explaining the proportion of area planted to cocoa, we included 10 land 
tenure dummies represented by the mode of land acquisition (allocated family 
land [both patrilineal and matrilineal], patrilineal inheritance or gift, gift in ma­
trilineal households, appropriation of village land, purchase of village land, pri­
vate purchase, current renting, acquisition through renting in the past, care­
taking, and borrowing), with matrilineal inheritance as the base of compari­
son.22 We assume that the mode of land acquisition can be considered as 
predetermined with respect to the tree-planting decision. We also included cur-

21. Since the proportion of area planted to mature cocoa is censored upward at 100 percent 
and downward at 0. we applied a two-limit tobit procedure with household dummy variables. 

22. Because of the small number of observations in the patrilineal categories, allocated fam­
ily land in patrilineal villages was aggregated with allocated family land in matrilineal villages; pa­
trilineal gifts and inheritance, having the same degree of strength of land rights in the Wassa Re­
gion, were aggregated into a single category. 
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rent parcel characteristics, such as the distance from house to parcel, parcel 
size, years since acquisition, and its squared term. In the cocoa-planting function, 
years since acquisition and its square capture effects related to the timing of 
investment. We also control for characteristics of the parcel at the time of ac­
quisition, including dummies for previous land use (forest or cocoa) and the real 
farm-gate cocoa price. It is expected that since virgin forest is more fertile than 
previously cultivated fallow land, parcels that were previously covered by for­
est may induce tree planting.23 We included cocoa prices at the time of acquisi­
tion to control for the possibility that the surge in cocoa prices in the 1980s stim­
ulated a conversion of land to cocoa. Finally, we included the educational 
attainment of the parcel manager and a dummy variable for the gender of the 
parcel owner. 

The estimation results are shown in the first column of Table 3.12. Parcel 
size has a negative and significant effect on the proportion planted to cocoa, im­
plying that an inverse correlation exists between parcel size and tree planting. 
This indicates that the transactions undertaken through the land rental market, 
not to mention the land sales market, are imperfect, because some portions of 
the parcel could have been rented for tree planting if the land rental market 
worked effectively (Hayami and Otsuka 1993). 

Although one may expect that more secure land rights have a positive and 
significant effect on tree planting, the results are not consistent with such ex­
pectations. Trees are more likely to be planted by the previous landholder in 
land bequeathed as gift as compared with land inherited and allocated. This 
would be largely explained by the fact that tree planting is a prerequisite for 
transferring land as a gift. The coefficient on privately purchased land is posi­
tive but insignificant, and that on patrilineal gift and inheritance is negative and 
insignificant. This is surprising, since these categories have the strongest indi­
vidualized rights. Thus, although tenure security may have a positive effect on 
tree planting, as argued by Besley (1995), its effect is not dominant. We also 
find positive and significant effects of land under caretaking, rental, and land 
acquired through renting, since cocoa planting or harvesting is the major task 
under these contractual arrangements. The dummy for a female parcel owner 
has a positive but insignificant effect on the proportion of area planted to co­
coa, suggesting that there is no significant difference between male and female 
parcel owners with respect to tree planting.24 

23. Lopez (1997) found that biomass had a positive effect in his estimation of production 
functions using regional data from western Ghana. He attributes this effect to the positive pro­
duction externality arising from the effect of biomass on protection from soil erosion and flood­
ing, but we consider it more plausible to interpret that the biomass is positively correlated with 
soil fertility. 

24. It is also possible that, if women receive land only after it has been planted to cocoa, sub­
sequent observations will not reveal any difference between male and female parcel owners in the 
probability of planting cocoa. 
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TABLE 3.12 Determinants of current land use at the parcel level: Tobit and logit 
regressions with household fixed effects 

Proportion of Parcel Probability Shifting 
Planted to Cocoa Cultivation Area Is Fallow 

Tobit with Fixed-Effects 
Household Dummies Logita 

Current parcel characteristics 
Distance to parcel 0.04 0.78** 

(1.94) (2.71) 
Parcel size (ha) -0.01** 2.35** 

(-2.35) (6.53) 
Years since acquisition 0.12* 0.05 

(2.09) (0.74) 
Years since acquisition squared -0.00 -0.00 

(-1.50) (-0.09) 
Woman-owned parcel 0.17 1.93 

(1.66) (1.78) 
Schooling of parcel owner 0.01 0.34 

(0.59) (1.32) 
Characteristics of parcel at acquisition 

Dummy for forest 0.01 — 

(0.13) 
Dummy for cocoa 0.23** — 

(2.54) 
Real cocoa farmgate price -0.00 — 

(-0.23) 
Land tenure dummies 

Allocated land -0.22 -2.38* 
(-1.56) (-2.16) 

Land received as gift 0.34** -1.50 
(2.80) (-1.59) 

Patrilineal gift or inheritance -0.23 0.32 
(-1.13) (0.28) 

Appropriated village land 0.26 0.41 
(1.54) (0.32) 

Purchased village land 0.30 1.71 
(1.47) (0.79) 

Privately purchased 0.14 1.38 
(0.72) (0.90) 

Rented 0.43** 0.18 
(3.23) (0.19) 

Ownership through renting 0.71** — 

(3.53) 
(continued) 
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TABLE 3.12 Continued 
Proportion of Parcel 

Planted to Cocoa 
Probability Shifting 

Cultivation Area Is Fallow 
Tobit with 

Household Dummies 
Fixed-Effects 

Logita 

Caretaker 1.08** -0.15 
(6.58) (-0.12) 

Borrowed from nonrelatives -0.71** -4.43** 
(-3.29) (-2.70) 

Constant 0.07 — 
(0.19) 

Log likelihood -438.91 -110.29 
Chi-square 503.98 168.35 
/(-value 0.00 0.00 
Number of observations 688 483 
NOTE: Two-limit tobit estimates; ancillary parameter and household dummies not reported, t-
statistics in parentheses. Because of the small number of observations in the patrilineal categories, 
allocated family land in patrilineal villages was aggregated with allocated family land; patrilineal 
gifts and inheritance, having the same degree of strength of land rights, were aggregated into a 
single category. 
"Estimated using field-level data for all fields, for households with more than one field devoted to 
shifting cultivation. 
*.05 level 
**.01 level 

Determinants of Fallow Choice 
We now examine the choice to keep a field fallow in land solely devoted to 
shifting cultivation, that is, land either devoted to food crops or left fallow, us­
ing data from all fields enumerated by respondents.25 Close to three-quarters 
of all field area under shifting cultivation is left fallow (Table 3.11). A smaller 
proportion of fields is left fallow on land borrowed from nonrelatives (30.8 
percent) and allocated family land (65.6 percent). Since it is difficult to meas­
ure the proportion of fallow area accurately, and given that almost three-quar­
ters of all field area under shifting cultivation is fallowed, we estimated a con­
ditional (fixed effects) logit model, in which the dependent variable is the 
probability that a parcel under shifting cultivation will be totally devoted to 

25. We use information on all fields, not just the sample fields, in this regression. Although 
we could have estimated this equation using parcel-level data, fields are a finer level of disaggre­
gation. The number of observations is larger using data for all fields, but we do not have informa­
tion on previous uses of the field, since this was collected only for the sample fields. Regressions 
that included information on previous land use, for those fields for which information was avail­
able, showed that these variables were insignificant. 
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fallow. We use the same regressors as in the cocoa-planting regression, with 
the exception of the dummies for previous land use, cocoa price, and the 
dummy for ownership through renting. Since land acquired through renting 
would already have been planted to cocoa trees, sample fields in this analysis 
do not include this tenure type. Results are shown in the second column of 
Table 3.12. The most significant factors affecting the decision to leave land 
fallow are the distance to the field, the size of the field, and the dummies for 
allocated and borrowed land. Thus, larger and more distant fields are more 
likely to remain fallow. Consistent with our hypothesis that land with insecure 
tenure is less likely to remain fallow, the dummies for allocated and borrowed 
land have negative and significant coefficients, and they are significantly dif­
ferent from those of individualized tenure variables. That is, individuals hold­
ing allocated family land have a stronger incentive to continue cultivating 
it, rather than face the risk of losing use rights to another member of the ex­
tended family. This conclusion will be strengthened if fathers tend to choose 
less productive land for family allocation. In this case, from an agronomic per­
spective allocated land would have to be more often left fallow. Likewise, in­
dividuals who borrow land from nonrelatives have very little reason to keep it 
fallow, since borrowing is undertaken to obtain land on which to raise subsis­
tence crops. 

However, we do not have clear evidence that stronger land tenure security 
results in less frequent fallow periods. One of the reasons may be the strong se­
curity of use rights on inherited land compared with other land tenure cate­
gories. Moreover, we were not able to control for the effect of soil fertility, 
which would be critically determined by the fallow periods before the current 
cultivation. 
Determinants of Net Revenue of Mature Cocoa 
Data on gross revenue, paid-out costs, and the net revenue or cash income per 
hectare of mature cocoa fields, together with data on labor hours and the rela­
tive contribution of women and children within the household, are shown in 
Table 3.13. Since dried cocoa is sold only to the village office of the state co­
coa marketing board, the revenue data are expected to be highly accurate. We 
made three visits to the respondents in a year to obtain accurate labor data. Paid-
out cost accounts for roughly 15 percent of gross revenue, consisting mainly of 
payments to hired labor. Chemical fertilizers were not applied, and only a small 
number of farmers use pesticides, albeit in small amounts. Net revenue, defined 
as total revenue less paid-out costs, represents the return to land and family la­
bor. There is no strong association between average age of trees and revenue, 
even though there appears to be some declining trend. 

For mature cocoa, the major task is harvesting, which may start as early 
as October and is completed in March. Cocoa farming is highly labor-intensive; 
if a person works for seven hours per day, the average labor input amounts to 
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70 days per hectare. As with revenue, there is no strong trend in labor require­
ments associated with aging of trees. Family labor of women and children, par­
ticularly the wife, accounts for about one-third of labor total inputs. The labor 
market for harvesting is relatively active, and hired labor contributes to roughly 
40 percent of total labor inputs.26 

In order to identify the effects of land tenure institutions on the intensity 
of cocoa farming, we estimated net revenue and labor use functions per hectare 
using village-level and household-level fixed and random effects models. We 
present only the results for the random effects model with plot-level hetero­
geneity in Table 3.14.27 

In addition to the land tenure dummies, characteristics of the parcel at ac­
quisition, and current parcel characteristics found in the tree-planting and fallow 
choice regressions, we also include the age of trees and the number of kola trees, 
oil palm, and other trees on the parcel. It is possible that the presence of other 
trees may affect labor use as well as net revenue from cocoa if competition ex­
ists among different tree species because of overcrowding. It is remarkable to find 
from Table 3.14 that no land tenure variables are significant in the net revenue 
functions.28 These results support the hypothesis that management intensity of 
cocoa fields tends to be equalized owing to the establishment of secure land tenure 
after tree planting, regardless of the mode of land acquisition. The insignificant 
effect of renting is also interesting, as it suggests that share tenancy arrangements 
are fairly efficient not only in Asia but also in some parts of Africa (see Hayami 
and Otsuka 1993 for the case of Asia). While field size has a negative effect on 
net revenue, the coefficient is insignificant. Although it may appear that women 
enjoy lower net revenues from cocoa, these effects are not significant. 

The estimation results of the labor use function provide added support for 
our hypothesis; again, no land tenure variables are significant. Field size has a 
negative and significant coefficient, which suggests that because of the imper­
fection in factor markets (for example, labor markets), large fields are less in­
tensively cultivated. The presence of other trees on the parcel also increases la­
bor input per hectare, and new cocoa varieties, particularly Amazonia, appear 

26. Wages, however, are substantially different among the 10 villages, even for the same 
tasks, which indicates segregation of local labor markets due to labor market imperfections or high 
transaction costs. These 10 villages are located fairly far apart, and it would take several hours by 
motor vehicle to go from one remote village to another remote village in a different direction. Be­
cause of the noncomparability of wages, we did not impute the cost of family labor using prevail­
ing wages to estimate profits. 

27. We also estimated the functions with village-level fixed and random effects, but none of 
the household-level characteristics (the numbers of male and female adult workers) was significant. 
Although sample sizes are smaller for the household random effects results, this is the preferred 
specification, since within-household estimators control for household-level heterogeneity. Haus-
man tests do not indicate that fixed effects are significant, and Breusch-Pagan Lagrange-Multiplier 
tests show that parcel-level heterogeneity is important. 

28. This finding is robust to the choice of estimation method, whether fixed or random effects. 
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TABLE 3.14 Determinants of net revenue from mature cocoa production and total 
labor use at the field level: Random effects 

Net Revenue Labor Use per Hectare 
Current field characteristics 

Distance to field -30.26 -23.91 
(-0.93) (-0.86) 

Field size (ha) -11.21 -56.42* 
(-0.38) (-2.32) 

Years since acquisition 20.17 24.29 
(0.98) (1.40) 

Years since acquisition squared -0.44 -0.33 
(-1.01) (-0.88) 

Woman-owned field -90.31 162.88** 
(-1.34) (2.89) 

Schooling of field owner -0.19 -4.49 
(-0.02) (-0.49) 

Number of kola trees per hectare 5.96 0.92 
(0.89) (0.17) 

Number of oil palm trees per hectare 2.99 -4.40 
(0.18) (-0.32) 

Number of other trees per hectare 9.95 43.04** 
(0.80) (4.01) 

Characteristics of parcel at acquisition 
Dummy for forest -103.74 -79.45 

(-0.68) (-0.62) 
Dummy for cocoa 325.98 -96.87 

(1.55) (-0.54) 
Tree characteristics 

Amazonia dummy 62.91 -388.29* 
(0.29) (-2.15) 

Hybrid dummy -50.68 -389.84 
(-0.21) (-1.95) 

Average age of trees -7.87 -0.39 
(-0.39) (-0.02) 

Age of trees squared -0.01 -0.10 
(-0.03) (-0.29) 

Land tenure dummies 
Allocated and matrilineal 112.06 -277.17 

(0.32) (-0.94) 
Land received as gift 128.70 -182.35 

(0.40) (-0.67) 
Patrilineal gift 319.23 468.45 

(0.70) (1.22) 
Appropriated village land 367.29 -96.31 

(0.94) (-0.29) 
(continued) 



86 Agnes Quisumbing et al. 

TABLE 3.14 Continued 
Net Revenue Labor Use per Hectare 

Purchased village land 30.52 -226.82 
(0.07) (-0.63) 

Privately purchased — — 

Rented 104.45 -56.80 
(0.32) (-0.21) 

Ownership through renting 73.97 -241.71 
(0.19) (-0.72) 

Caretaker -67.45 57.14 
(-0.19) (0.19) 

Constant 245.37 829.92** 
(0.64) (2.59) 

Breusch-Pagan Lagrangian Multiplier 
Test (p-value) 5.06 (0.02) 3.87 (0.05) 
Hausman Specification Test (p-value) 14.67 (0.91) 18.55 (0.73) 
Number of observations 105 105 

NOTE: Z-statistics within parentheses. Dummies for allocated patrilineal land, borrowing, and in­
herited patrilineal land were dropped because of collinearity with the fixed effects. 
*.05 level 
**.01 level 

to use less labor. It is also noteworthy that labor use is significantly higher on 
woman-owned fields. 
Determinants of Net Revenue of Food Crops 
We perform a similar analysis for food crop production on young cocoa and 
pure crop fields. Since there seem to be few, if any, investment opportunities in 
food crop fields, there is no theoretical reason to assume that land tenure secu­
rity affects the intensity of cultivation. According to Table 3.15, gross revenue 
and net revenue from pure food crop fields are much higher than those from 
mixed crop fields, except in the first two years of cocoa cultivation. The rela­
tively high revenue from young cocoa fields clearly explains the advantage of 
cocoa and food intercropping. Paid-out costs and labor hours, however, are 
much higher in the initial year of cocoa cultivation, owing to the high labor re­
quirement of establishing cocoa fields. Although total labor input and net rev­
enue per hectare are higher in pure food cultivation than cocoa cultivation, the 
intensity of cultivation is much higher in cocoa cultivation. Typically food 
crops are produced in two consecutive seasons under shifting cultivation, and 
land is left fallow for nearly eight years on average. Therefore, roughly speak­
ing, in shifting cultivation, the average net revenue per year is 90 cedis, and the 
average labor input is 220 hours, both of which are far smaller than the annual 
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revenue and labor hours in cocoa cultivation. Thus, the switch from shifting 
cultivation to cocoa cultivation is consistent with the evolutionary view of 
farming systems postulated by Boserup (1965) and the view of induced inno­
vation formulated by Hayami and Ruttan (1985). 

In order to identify the effects of land tenure institutions on net revenue 
and total labor use in young cocoa and pure food crop fields, we estimated net 
revenue and labor use functions per hectare using village-level and household-
level fixed and random effects models. Again, since random effects are the pre­
ferred specification, we present only the random effects results in Table 3.16.29 
Since cocoa is intercropped with a variety of food crops in different combina­
tions, we included the proportion of area planted to each of the food crops pres­
ent in the field (for example, the proportion devoted to cocoyam in 1997) as 
well as their interactions with a dummy variable indicating that young cocoa is 
grown in the field. We also included dummy variables for the age of the cocoa 
trees, with trees less than a year old as the reference category. Since 34 percent 
of the sampled food crop fields have a female cultivator other than the male or 
female manager, we include a dummy variable for the presence of another fe­
male cultivator or field manager. This person is typically the wife of the male 
field manager, or a co-wife in the case of a female manager. All other regres-
sors are identical to those in Table 3.14. 

The results, presented in Table 3.16, are very similar to those for mature 
cocoa fields. Neither net revenue per hectare nor labor use is significantly dif­
ferent in fields under different land tenure regimes. The difficulty of identify­
ing crop mix may be partly responsible for the failure to obtain significant ef­
fects of land tenure systems. Yet tree age dummies significantly affect labor use, 
as would be expected. Relative to trees less than a year old (the excluded cate­
gory), labor use per hectare in succeeding years is significantly less. Consistent 
with the earlier finding that land under allocated family tenure is less likely to 
be left fallow, the coefficients of the family allocation dummies are negative in 
the net revenue function, even though they are not significant. Given that a ma­
jor proportion of labor input is provided by women and children, it is not sur­
prising that gift transactions have evolved to increase their incentive to provide 
labor in establishing cocoa. Note that there are no significant differences in ei­
ther net revenue per hectare or labor use per hectare depending on whether or 
not a field is managed by a woman. Thus, the transfer of land to women through 
gifts has improved gender equity without sacrificing production efficiency. 
Last, even if the presence of another female cultivator increases labor input, the 
effect on net revenue is insignificant. 

29. Similar to our regressions for mature cocoa, although we estimated the functions with 
village-level fixed and random effects, none of the household-level characteristics were significant. 
Moreover, Hausman tests do not indicate that fixed effects are significant, and Breusch-Pagan 
Lagrange-Multiplier tests show that parcel-level heterogeneity is important. 
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TABLE 3.16 Determinants of net revenue and total labor use of food production of 
young cocoa and pure food crop fields: Random effects 

Net Revenue Labor Use per Hectare 
Current field characteristics 

One-year-old cocoa dummy 137.16 -333.36 
(0.92) (-1.45) 

Two-year-old cocoa dummy 40.37 -865.12** 
(0.22) (-3.03) 

Three-year-old cocoa dummy 30.42 -296.57 
(0.14) (-0.87) 

Four-year-old cocoa dummy -388.63 -1,243.33** 
(-1.58) (-3.37) 

Distance to field -12.06 -79.53 
(-0.31) (-1.12) 

Field size (ha) 136.73 -1,309.15 
(0.31) (-1.84) 

Years since acquisition -16.24 -5.37 
(-1.53) (-0.29) 

Years since acquisition squared 0.21 0.12 
(1.02) (0.35) 

Woman-owned field 73.88 -37.42 
(1.11) (-0.32) 

Schooling of field owner -5.73 -9.15 
(-0.55) (-0.44) 

Presence of other female cultivator 62.07 344.14 
(0.57) (1.70) 

Number of kola trees per hectare -5.90 9.76 
(-1.62) (1.53) 

Number of oil palm trees per hectare -1.54 -4.35 
(-0.69) (-1.29) 

Number of other trees per hectare -13.24 7.86 
(-1.68) (0.64) 

Characteristics of parcel at acquisition 
Dummy for forest -100.35 -259.08 

(-0.58) (-0.82) 
Dummy for cocoa -83.75 33.46 

(-0.39) (0.09) 
Land tenure dummies 

Allocated and patrilineal -871.69 -349.12 
(-1.41) (-0.35) 

Inherited and patrilineal -444.22 -918.66 
(-0.79) (-1.01) 

Allocated and matrilineal -224.99 -268.74 
(-0.68) (-0.50) 

(continued) 
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TABLE 3.16 Continued 
Net Revenue Labor Use per Hectare 

Land received as gift -80.57 -50.31 
(-0.25) (-0.10) 

Patrilineal gift 2.22 -174.40 
(0.01) (-0.28) 

Appropriated village land 13.89 -187.35 
(0.04) (-0.28) 

Purchased village land 521.82 -252.12 
(1.30) (-0.36) 

Privately purchased -408.32 -634.57 
(-1.09) (-1.05) 

Rented -165.79 -174.86 
(-0.50) (-0.33) 

Ownership through renting — — 

Caretaker — — 

Borrowed from nonrelatives -232.53 322.56 
(-0.47) (0.42) 

Constant 728.01* 1,947.47** 
(2.03) (3.29) 

Breusch-Pagan Lagrangian Multiplier 
Test (p-value) 230.00 (0.13) 8.70 (0.00) 

Hausman Specification Test (p-value) 20.18 (1.00) 19.29(1.00) 
Number of observations 151 151 
NOTE: Z-statistics in parentheses. Aside from variables shown in this table and village/household 
dummies, we used 11 variables representing proportion of different food crops and their interac­
tion terms with young cocoa. 
*.05 level 
**.01 level 

Land Tenure and Land Distribution 
The evolution of customary land tenure institutions toward individualized own­
ership may lead to an inequitable distribution of landholdings. In order to quan­
tify the relative contribution of land under different tenure categories to the 
overall inequality of land distribution, we apply a decomposition analysis of the 
Gini measure of landholding inequality as developed by Fei, Ranis, and Kuo 
(1978) and Pyatt, Chen, and Fei (1980) for household data. 

The Gini decomposition formula is given by G(Y) = s\ P G ( 7 ) , where G(Y) 
equals the Gini ratio of total operational landholdings, 7. pertains to landhold­
ings of the i-th tenure type, s; equals average share of z'-th type of land, and PG(F.) 
equals the pseudo-Gini of landholding inequality. If PG(7.) is greater (smaller) 



Agroforestry Management in Ghana 91 
TABLE 3.17 Overall Gini ratio of operational landholdings and contribution 
by land component 

Land Share Pseudo-Gini Ratio 
Allocated family land 0.11 0.25 
Inherited family land 0.04 0.82 
Appropriated village forestland 0.12 0.66 
Purchased village forestland 0.04 0.75 
Received as gift 0.37 0.35 
Privately purchased 0.02 0.59 
Acquired through renting 0.02 0.35 
Currently renting 0.19 0.15 
Borrowing from nonrelatives 0.08 -0.08 
Overall 1.00 0.34 
SOURCE: Intensive survey. 

than G(Y), distribution of z'-th type of landholding is less (more) equitable than 
the average, thereby contributing to the expansion (contraction) of inequality in 
the overall landholding distribution (see Appendix in this chapter for further de­
tails). Results of computations using household data on operational landhold­
ings from the 10 intensive survey villages are shown in Table 3.17. 

The overall Gini ratio is 0.34, which is relatively small by international 
standards, indicating the relatively egalitarian distribution of operational hold­
ings. Compared with the overall Gini ratio, the pseudo-Gini coefficient is par­
ticularly small for allocated family land, which strongly suggests that egali­
tarian motives prevail in the decision to allocate family land. In contrast, 
inheritance is inequality-increasing, whereas gifts have a neutral effect on land 
distribution. Note that the prevalence of family land allocation and gifts has in­
creased while that of inheritance decreased. Therefore, in all likelihood, these 
changes in customary land tenure institutions from inheritance to family allo­
cation and gifts have improved the equality of land distribution. 

Appropriation and purchase of village forestland were possible only for 
elder indigenes and early migrants, contributing to inequality of land distribu­
tion. Not surprisingly, private land purchase also contributes to landholding in­
equality. It is more remarkable to find that the pseudo-Gini ratio of current rent­
ing, which accounts for 19 percent of operational land area, is small. Also 
noteworthy is the negative ratio of borrowing from nonrelatives. It is clear that 
renting significantly contributes to the equalization of operational holdings by 
reallocating land from land-rich to land-poor households. 

To conclude, there is no indication that the evolution of customary land 
tenure institutions results in a highly skewed distribution of operational land-
holdings. 
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Summary for Intensive Study 
The results of the intensive survey study provided evidence consistent with the 
extensive survey study. Based on the analysis of the extensive survey, we pro­
posed that tree planting is affected not only by the strength of current land rights 
but also by expected changes in land tenure security due to tree planting. We 
argued, therefore, that whether the incidence of tree planting is lower under less 
secure, family tenure institutions is an empirical question. We also predicted 
that in the shifting-cultivation area the proportion of fallow land is higher for 
parcels with more secure land tenure. Last, we postulate as a null hypothesis 
that management intensity is not significantly different between family land and 
other types of land. 

Our findings show that although there is a tendency for more secure land 
rights to have a positive effect on tree planting, such effect is generally in­
significant. We conclude that although tenure security would have a positive ef­
fect on tree planting, as argued by Besley (1995), its effect is not of over­
whelming importance. In other words, the traditional land tenure institutions 
are generally not inefficient with respect to the decision to plant trees. However, 
we have obtained evidence that land is less often left fallow in parcels allocated 
temporarily by family, which indicates the inefficiency of land use in shifting-
cultivation area under this type of the customary land tenure systems. 

Last, we find that net revenue and labor use in both mature cocoa fields and 
young cocoa and food crop fields are not significantly affected by land tenure 
institutions. 

These results do not refute the hypothesis that management intensity of 
cocoa fields tends to be equalized, owing to the establishment of secure land 
tenure after tree planting, regardless of the mode of land acquisition. This sug­
gests that, given the almost complete individualization of land rights under 
some land tenure categories, traditional land tenure institutions in customary 
areas of western Ghana have been sufficiently individualized to achieve farm 
management efficiency comparable to private ownership. 

Policy Implications 
As in other places in Africa, virgin forests have already been cleared by poor 
farmers in western Ghana. This has occurred because of the absence of a mech­
anism that controls forest clearance under customary land law coupled with 
continued and rapid population growth due primarily to the influx of migrants. 
The major question is how to restore the tree resource base for environmental 
benefit while simultaneously improving the welfare of poor farmers. In this 
study, by examining the determinants of cocoa tree planting and the relative 
profitability of cocoa production compared with shifting cultivation of food 
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crops, we explored whether it is feasible to meet the two goals of environmen­
tal and welfare improvement through the development of cocoa agroforestry. 

In cocoa-growing areas of Ghana we observed that customary land tenure 
institutions have evolved toward individualized ownership systems, which pro­
vide appropriate incentives to plant cocoa trees and manage cocoa agroforestry. 
It is likely that such evolutionary changes have taken place to stimulate the es­
tablishment of cocoa agroforestry, which is found to be more profitable than 
shifting cultivation. Thus, the development of cocoa agroforestry will con­
tribute positively to the improvement of farmers' incomes by enhancing the in­
tensity and the efficiency of land use. 

The efficiency might be particularly high if valuable timber trees are 
grown as shade trees, which are required for proper growth of cocoa trees. Wild 
shoots of valuable timber trees, if grown on cocoa fields, however, are imme­
diately cut by farmers, because they are not allowed to own such trees, and ma­
ture trees are felled by logging companies without making due compensation 
for damaged cocoa fields. The current policy, which prohibits the ownership of 
valuable timber trees, needs to be replaced by a new policy that respects the 
rights to private ownership of any trees grown on private land. 

The development of cocoa agroforestry not only enhances the intensity 
and efficiency of land use from the private point of view but also improves so­
cial efficiency as trees grown on sloped fields reduce soil erosion and increase 
tree biomass. Considering environmental benefits and private benefits that ac­
crue to poor cocoa farmers, public efforts should be directed toward the devel­
opment and the promotion of profitable agroforestry systems through research, 
extension, and improvement of marketing systems. To our knowledge, how­
ever, no serious attention has been paid to the importance of developing 
profitable agroforestry systems for the benefits of both efficiency and equity. 

Appendix: Gini Decomposition Formula 
In order to examine whether the individualization of customary land tenure in­
stitutions and the activation of land market transactions have resulted in in­
equitable distribution of landholdings, we apply a decomposition analysis of 
the Gini measure of inequality as developed by Fei, Ranis, and Kuo (1978) and 
Pyatt, Chen, and Fei (1980) for the operational landholdings of households. 
This decomposition formula is designed to assess the inequality of distribution 
of particular types of land relative to the distribution of overall landholding. 
Note, however, that the computed percentage contribution of overall inequal­
ity by land components under the Gini decomposition rule may be substantially 
different from the decomposition of an alternative measure of inequality 
(Shorrocks 1983). We have chosen the Gini decomposition formula because of 
the popular use of Gini ratios in the economic analysis. 
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The Gini decomposition formula is as follows: 
G(Y) = XsiR(Y,Yi)G(Yi) 

= Z s . P G ( 7 ) , (5) 
where G(Y) equals Gini ratio of total operational landholding; 7. equals land-
holding of z'-th tenure type; st equals share of z'-th type of land; R(Y, 7 . ) equals 
the rank correlation ratio; G(7.) equals Gini ratio of z'-th land; and PG(7.) equals 
the pseudo-Gini ratio of landholding inequality. The rank correlation ratio is 
denned as 

R(Y 7.) = Cov {7 , r(Y)} I Cov {7 , r(7.)}, (6) 
where r(Y) and r(7.) denote ranking of households in terms of 7 and 7., respec­
tively. It is clear that R is unity if r(Y) = r ( 7 ) . Otherwise, R is shown to be less 
than unity. In general, the larger the correlation between 7 and 7 the larger is R. 

In the computation of G(Y), households are ranked in accordance with 7 
but in the case of G(7.) they are ranked in accordance with 7.. In order to ad­
just this difference, the rank correlation appears in the formula. In fact, 
R(Y, 7.) G ( 7 ) is equal to the pseudo-Gini ratio, PG(7.), which is obtained if we 
use ranking of households in accordance with total landholding 7 in the com­
putation of component Gini ratio for 7.. 

If PG(7.) is greater than G(Y), the distribution of z'-th type of landholding 
is less equal than other types of land. Thus, we make a comparison between 
PG(7;) and G(7), to assess whether z'-th type of landholding is inequity-
increasing or inequity-decreasing. The importance of PG(7.) in overall in­
equality is weighted by its share in the overall landholdings. 
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4 Agroforestry Management in Sumatra 
S. SUYANTO, THOMAS P. TOMICH, 
AND KEIJIRO OTSUKA 

Indonesia is endowed with rich tropical rainforests in its outer islands, includ­
ing Sumatra, Kalimatan, and Irian Jaya. These are primary forests covering more 
than 100 million hectares of the nation and representing 10 percent of the world's 
remaining tropical forest (World Bank 1998). Rapid deforestation, however, has 
been taking place in this country, which has been the second most conspicuous 
in the world in terms of lost forest area. FAO (1990) estimates that forest cover 
of the country had declined from 74 percent to 56 percent during the past 30-40 
years. The World Bank (1990) reports that the estimated deforestation rate was 
1 million hectares per year in 1990, which is 67 percent higher than in 1981. 

Population pressure is considered to be the most important factor underly­
ing the rapid deforestation in Indonesia. Using provincial data, Fraser (1998) 
finds a strong inverse correlation between population density and forest cover. 
The population of Indonesia increased dramatically from 77 million in 1950 to 
almost 195 million in 1995. The majority of the population still relies on agri­
culture as a source of employment and income. In 1990, 57 percent of the labor 
force was engaged in agriculture, which contributed to 16.5 percent of the GDP. 

Forest conversion for farming purposes by traditional shifting cultivators 
and spontaneous migrants is an immediate cause of deforestation (Dick 1991). 
In addition, the establishment of large private estates for the production of tim­
ber and commercial tree crops, government-sponsored resettlement schemes 
(called transmigration), and forest fires have also significantly contributed to 
deforestation in Indonesia. 

The rate of reduction in forest area in Sumatra is the highest in the nation 
(Dick 1991). The forest cover in Sumatra decreased from 72 percent in 1950 to 
48 percent in 1985, whereas it declined from 88 percent to 72 percent for the 
same period in Kalimatan (Fraser 1998). As a result of rapid population growth, 
population density increased from 17 people per square kilometer in 1930 to 85 

We are grateful for constructive comments on the earlier draft by Robert Deacon, Yujiro Hayami, 
and Iwan Azis. This chapter draws partly on Otsuka et al. (2001) and Suyanto and Otsuka (2001). 
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people per square kilometer in 1995 in Sumatra. How to preserve forest condi­
tions while providing sufficient job opportunities for the growing population is 
a major development issue in Sumatra. 

The major farming system in Sumatra has changed from shifting-cultiva­
tion systems to more intensive, tree-based farming systems. The traditional 
shifting cultivation with a long fallow period has become unsustainable, as the 
land frontier has gradually closed. In fact, as population pressure increases and 
land becomes scarce, the fallow periods tend to become too short for sustain­
able food crop production. Agroforestry systems, which produce such com­
mercial trees as rubber (Hevea braziliensis), cinnamon (Cinnamomum bur-
mannii), and coffee (Cqffea canephora), have become common in the study 
areas where shifting cultivation used to be practiced on sloped areas (de Foresta 
and Michon 1990). If successful, the development of agroforestry will con­
tribute to the enhancement of incomes in rural population and the prevention 
of soil erosion and other negative consequences of deforestation. 

Establishment of agroforestry requires significant investment in the form 
of work effort in land preparation, tree planting, weeding, and pruning, for 
which property right institutions need to provide appropriate incentives. As 
elsewhere, customary land tenure institutions in Sumatra seem to evolve toward 
individualization with greater tenure security, which would have a positive 
influence on the development of agroforestry and the intensity of land use. 

Yet little is known about the evolution of customary land tenure institu­
tions and their consequences on land use and agroforestry management in 
Sumatra, not to mention appropriate polices the government should adopt to 
support efficient and equitable evolution of the customary land tenure institu­
tions. The purposes of this study are to identify the causes of the land tenure 
evolution and to assess its consequences on the efficiency of land and tree re­
source management. 

Organization of this chapter is as follows. Following the introductory sec­
tion, we present characteristics of land tenure institutions with a special focus 
on changes from joint family ownership of land to individual ownership that is 
accompanied by changes from matrilineal to egalitarian or even to patrilineal 
inheritance systems. After identifying major empirical issues and specifying the 
testable hypotheses, we carry out econometric analyses to test those hypothe­
ses, separately for extensive and intensive survey studies. We also attempt to 
analyze the effects of newly emerging land rental and land market transactions 
on the equity of operational landholdings. The final section discusses policy im­
plications of the findings. 

Customary Tenure Systems in Sumatra Sites 
In the extensive survey conducted in 1995, we selected 60 villages randomly 
with probability proportional to village population from four districts in Suma-
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FIGURE 4.1 Location of study sites in Sumatra 

tra: Solok in West Sumatra Province, Kerinci, Bungo Tebo, and Bangko in 
Jambi Province along the buffer zone of the Kerinci Seblat National Park (see 
Figure 4.1). Solok, which we call the high region in this study, is located at the 
highest elevation, more than 1,000 meters above sea level. The major tree crop 
is coffee, though the area planted to cinnamon has been increasing. Kerinci is 
called the middle region, where cinnamon is a major tree crop. Bungo Tebo and 
Bangko are adjacent districts located in a low-lying area, where rubber is the 
major tree crop. Since our sites in these two districts are similar in terms of eth­
nic composition, climate, and topography, we lump them together and call this 
the low region.1 

1. For more information on the dominant farming systems in Sumatra, see Angelson (1994, 
1995) for shifting cultivation, Aumeeruddy (1994) on cinnamon, and Barlow and Muharminto 
(1982), Barlow and Jayasuriya (1984), Gouyon, de Foresta, and Levang (1993), and Penot (1997) 
on rubber. 
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We collected information about the prevailing land tenure institutions and 

land rights through a group interview of village leaders and farmers. In addi­
tion, we conducted a brief interview of five farmers in each location to inquire 
into the manner and the date of acquisition of land and the incidence of tree 
planting. For the intensive survey, we selected two cinnamon-growing villages 
in Kerinci and two rubber-growing villages in Bungo Tebo. Since the results of 
the two intensive survey studies (cinnamon and rubber) are very similar, we re­
port only the case of cinnamon in this chapter.2 

Traditionally, the major ethnic groups—Minangkabau in the high region, 
Kerinci in the middle region, and Melayu Jambi in the low region—have relied 
on wet rice cultivation, and, hence, areas along streams and rivers are predom­
inantly used for paddy fields. Paddy fields are surrounded by agroforestry plots, 
including both mature trees and newly planted trees intercropped with annuals, 
and bush-fallow plots under shifting cultivation. Natural forests are typically 
located in the mountainous terrain farther from village centers. The bush-
fallow area originally was converted from primary forests and is planted with 
food crops periodically for a few seasons followed by another fallow period. 

As shown in Table 4.1, villages in the high region are endowed with large 
paddy areas, whereas paddy fields account for a small portion of land in the low 
region. The bush-fallow area is smallest in the middle region in terms of both 
absolute area and relative proportion in the total exploited area. In contrast, 
large tracts of bush-fallow remain in the low region. Unfortunately, official sta­
tistics do not distinguish between secondary forest, which is a part of the bush-
fallow system, and primary forest, and farmers' estimates of primary forest area 
are subject to substantial errors. Thus, we estimated the primary forest area by 
subtracting the total exploited area estimated by a group of farmers from the to­
tal village area reported by official statistics. According to the results shown in 
Table 4 .1 , primary forests still account for the lion's share of village land. This 
may be explained partly by the fact that a relatively well-protected national park 
accounts for about 58 percent of the area in the high region and 74 percent in 
the middle region, according to farmers' estimates, and partly by steep slopes 
of mountainous areas unsuitable for cultivation. Although we cannot provide 
concrete evidence, we have an impression that our estimation procedure re­
sulted in overestimation of primary forest areas. 

While all primary forestland in Indonesia is officially owned by the state, 
native people in our sites believe that forestland belongs to their community 
and is controlled by village chief, with the possible exception of forests in Ker­
inci Seblat National Park, which was established in 1985. Farmers, however, 
continue to encroach on the park, and boundary disputes have often occurred 
between local farmers and park officials. Usually farmers obtain permission to 
clear forestland from the village chief before carrying out clearance. Once the 
forestland is cleared, strong land rights are granted to farmers. 

2. See Suyanto, Tomich, and Otsuka (2001b) for the case study of rubber. 



C I 
rH 0 \ 

I 2 

•§ g 
PH C 

•a ci 

I s 
P H 

O 
PH 

3 o 
P H 

•a 
c 

73 "p. 

•a 
c 

-J « 
H 

3 

,o o 
O CM 00 
< 

C<3 - -H 
OH PH 

"p, <U 

s i 

NO 
r--

CN — 

o CN 

o —H 
© r- >n 
CO CO NO^ CN <T) 

co co i n 
f - co 

•<t m NO in NO O CN CN ^H OO CI CN N—' '—1 N—' Cl N ' 

r- in NO NO -^f >n r— CN NO ON in 

ON .-H ON CN ON 
i q co^ i n ^—^ O N —' 

CN — - H 

•a -a 

.a 6 ° V, g & \s « 

3 

M u 

£5 o h-1 •z, m w o. 



102 S. Suyanto, Thomas P. Tomich, and Keijiro Otsuka 
Population density is highest in the middle region and lowest in the low 

region. None of the selected villages is newly settled, and more than 90 percent 
of them were established before the Dutch period ended in 1942. Low popula­
tion density in the low region may be explained partly by the paucity of paddy 
fields in this area, whereas the rich endowment of flat fertile area suitable for 
rice cultivation and the high profitability of cinnamon would explain the high­
est population density in the middle region. 

The three major ethnic groups all follow matrilineal inheritance and ma-
trilocal residence systems, even though the inheritance system has undergone 
substantial transformation over time (Kahn 1980; Errington 1984). Tradition­
ally lineage land, particularly that for paddy fields, has been owned collectively 
by a group of kin members, and this group usually consisted of a grandmother, 
her husband, children, and grandchildren. Land is bequeathed to sisters, nieces, 
and daughters of a woman who passed away, in accordance with the decision 
of a lineage head. The head is selected from among uncles, that is, a male mem­
ber of the second generation, who exercises strong authority regarding land in­
heritance. The basic principle of land allocation is to maintain equity among 
lineage members. 

According to our interviews with farmers, it is primarily husbands who 
make farm management decisions under this version of the matrilineal system, 
even though they have no customary land rights. Traditionally no single mem­
ber of a lineage had complete ownership rights, and land transactions were 
strictly prohibited. Although formal approval by a lineage or community head 
is required for clearing community-owned forests, such approval is easily 
granted. Women are the custodians of lineage and family land and are expected 
to oppose the transfer of land to nonfamily members. Nowadays lineage land 
occupies only small areas in our sample villages. 

Land under joint family ownership, which is inherited and owned jointly 
by daughters, is much more common than lineage ownership. The major dif­
ference from lineage tenure is that land is owned by a smaller number of fam­
ily members. A system of rotating land use among sisters' families is often prac­
ticed for the cultivation of wet rice fields to prevent excessive fragmentation. 
All types of decisions regarding land use, inheritance, renting, and mortgaging 
are made jointly by sisters and their husbands without the intervention of other 
lineage members. 

Joint family land tenure has developed along two paths. In the first form, 
lineage members agree to divide lineage land into joint family land, usually at 
the time of inheritance. In the second, daughters jointly inherit private land, 
which was acquired either by opening forestland or by purchasing already ex­
ploited bush-fallow land. Although the sale of lineage and family land tradi­
tionally has been prohibited, such land actually can be sold with the consent of 
the family members. In fact, the sale of land ownership rights is the most com­
mon method of land transfer among village population in recent years in our in-
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tensive study sites, as is shown later in this chapter. This would reflect the in­
creasing scarcity of cultivable forestland. Such transactions are witnessed by 
village leaders and family members of both sellers and buyers to ensure proper 
protection of the transacted property. In this way, private-property rights on 
land have been firmly established. 

Single family ownership is also emerging. Like joint family ownership, 
daughters inherit land under single family ownership, but ownership rights are 
more individualized. Another form of the single family ownership system has 
appeared in which sons are permitted to inherit some land, even though daugh­
ters inherit shares greater than or at least equal to those of sons. In some areas, 
the patrilineal system, in which only sons individually inherit the land, has also 
emerged. As in the case of Ghana, tree planting is usually a prerequisite for 
transforming jointly owned family land to a single family land at the time of in­
heritance. Compensation payments from those who have acquired single fam­
ily land after tree planting to those who used to have joint ownership rights are 
sometimes made. Single family ownership could also have evolved from in­
heritance of private lands. 

In these ways, the traditional matrilineal inheritance system in Sumatra has 
eroded considerably and given way to more individualized systems. 

Major Issue and Hypotheses 
If tree planting rights do not exist, incentives to tree planting are suppressed. 
Similarly, if rights to rent out, bequeath to desired heirs, and sell do not exist, 
expected returns to investment for those who plant and grow trees will be re­
duced (Besley 1995). As population pressure increases, the comparative ad­
vantage of agroforestry over shifting cultivation tends to increase, because net 
revenue from shifting cultivation decreases owing to declining fallow period 
and its negative impact on soil fertility.3 The critical question is whether more 
secure land tenure institutions are induced to develop in order to capture larger 
benefits from investment in tree planting. It must be also pointed out that there 
may be security rewards from efforts to invest in land improvement in general, 
rather than investment in tree planting alone. Based on the theoretical frame­
work developed in Chapter 1, we postulate the following hypotheses: 

Hypothesis 1: More secure individualized land tenure institutions will de­
velop in response to increasing scarcity of land relative to labor in order to reap 
benefits from investing in the establishment of agroforestry. In other words, this 
hypothesis suggests that increasing scarcity of land induces the development of 
an institutional rule stipulating that tree planting increases land rights. 

3. Our study of rubber-growing villages (Suyanto, Tomich, and Otsuka 2001b) finds that 
shifting cultivation of upland rice is no longer profitable. 
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The individualization of land tenure institutions, however, is less likely to 

occur if profitable investment opportunities are limited. This is the case for 
paddy fields, in which only minor investments in the maintenance of traditional 
and simple gravity irrigation systems are required. In our empirical study, we 
compare the difference in land tenure institutions among paddy fields, bush-
fallow areas, and tree crop fields, using extensive survey data obtained from the 
group interviews. 

We are interested in exploring the causes of deforestation and the deter­
minants of the development of agroforests. For this analysis, we use household 
data on the manner of land acquisition collected from five households in each 
of 60 randomly selected communities. Since inheritance is determined by the 
parent generation, it is assumed that inherited land area is given for (that is, not 
a choice of) individual households. 

Hypothesis 2: Population pressure, manifested in both reduction of inher­
ited land area per household and an increase in households size, increases the 
land area acquired by the clearance of forest. 

In our observation, primary forest areas are largely open access, at least 
for community members, even though the village chief is supposed to be a cus­
todian of communally held primary forest areas. As a result, forests have been 
cleared on a first-come basis, which has led to the rapid exhaustion of forest­
land and its conversion to cropland including agroforest areas in many loca­
tions.4 Since we expect that forests were more abundant in earlier years, older 
household heads are more likely to have had better access to forestland in their 
youth, and, hence, their acquired forest areas would be larger. 

Hypothesis 3: Age of household head positively affects the amount of land 
acquired through forest clearance. 

It is considered that the development of profitable agroforesty systems will 
help prevent deforestation (Tomich and van Noordwijk 1996). An implicit as­
sumption of this argument is that the development of agroforest increases the 
demand for labor, which otherwise might have been allocated to the clearance 
of forest. In addition, the increased wealth due to the development of agro­
forest may reduce the supply of labor for such hard work as clearance of forests. 
Angelsen (1995, 1999) does not concur, arguing that the pace of deforestation 
would depend on the profitability of land use, so that the opportunity to grow 
profitable perennial crops will accelerate the speed of deforestation. In our 
view, the arguments of Angelson are valid if labor markets are well developed. 
Therefore, even where labor demand for agroforestry management increases, 
if labor markets are developed and agroforestry is profitable, labor can be hired 
to clear the forest. Thus, whether the development of agroforest deters or pro­
motes deforestation is an empirical question (Kaimowitz and Angelsen 1998). 

4. See the model of Anderson and Hill (1990), which describes how rapidly unused open-
access land will be exploited when the property rights are conferred to those who have opened the 
land. 
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We examine this issue by assessing the effect of inherited agroforestry land on 
the area of cleared forestland. 

Tree planting has played a catalytic role in the establishment of individual 
rights, because, as in the case of Ghana, tree planting confers stronger individ­
ual rights (see regression models specified in Chapter 1). Therefore, incentives 
to plant trees and carry out subsequent management activities are embedded in 
customary land tenure rules. As a null hypothesis, we would like to postulate 
the following: 

Hypothesis 4: Given the expected increase in tenure security after tree 
planting, tree planting and the management efficiency of agroforestry are inde­
pendent from initial tenure security levels under different land tenure institu­
tions. 

We test this hypothesis by estimating tree-planting function using extensive 
survey data and profit function using intensive household survey data. We also 
estimate the internal rate of return to investment in tree planting under different 
land tenure institutions based on the results of the estimated profit function. 

Reflecting the establishment of clear private land rights, tenancy contracts 
are widely observed. If factor markets, including land rental and labor markets, 
are perfect, household endowments of land and labor should not affect factor 
proportions across farms, since households will rent land or hire labor so as to 
equalize them. As a result, we expect that production cost, revenue, and profit 
per unit of area are independent from household factor endowments. 

Hypothesis 5: Household factor endowments do not affect production 
efficiency because of resource reallocation effects of efficient factor markets. 

We expect that factor markets are induced to work more efficiently when 
land becomes scarce and, hence, valuable, because the economic cost of 
inefficient resource allocation becomes higher. 

It is widely believed that the individualization of land rights results in in­
equitable distribution of land. Considering that customary land tenure institu­
tions are designed to achieve equitable distribution of land among community 
members, the conventional view has some force. Yet the degree to which the 
individualization of land rights leads to inequitable distribution of land is not 
known. As in the study of Ghana in Chapter 3, we examine this issue by per­
forming the analysis of decomposition of Gini ratios by land tenure category. 

Extensive Study 

Property Rights and Land Use 
Through group interviews, we obtained estimates of the proportions of land un­
der different land tenure institutions by type of land use. Since measurement of 
areas under different land tenure at the village level has never been done, such 
data are necessarily crude and subject to errors. Thus, we combine similar land 
tenure categories, such as single family ownership by daughters and by daugh-
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ters and sons in order to reduce measurement errors associated with the finer 
classification of land tenure categories. Nonetheless, as is demonstrated in Table 
4.2, some clear tendencies can be observed. First, lineage land is observed 
mostly in bush-fallow areas and in limited areas of paddy land. Second, joint 
ownership is dominant for paddy fields in the middle and low regions but ac­
counts for only 3.1 to 19.4 percent of bush-fallow and smaller portions of tree 
crop plots in all regions. Third, single family ownership is more important than 
joint ownership except for paddy fields. Fourth, private ownership tends to be 
predominant in tree crop plots and accounts for a sizable portion of bush-fallow. 

The fact that area under joint family and lineage ownership is generally 
small in all the regions indicates erosion of the traditional matrilineal inheri­
tance system. A major exception is bush-fallow area, in which lineage land re­
mains observed in relatively large areas. In our Sumatra sites, private owner­
ship rights acquired by clearing forest are strong while the acquired land is 
cultivated, but they become weaker once it is left fallow and subject to tradi­
tional inheritance rules unless trees are planted.5 This explains why joint fam­
ily ownership is more prevalent for bush-fallow than for tree fields. 

In order to assess the strength of property rights under different land tenure 
institutions, we asked a group of farmers in each village whether the cultivat­
ing household possesses rights to rent out under share tenancy, rent out under 
fixed-rent leasehold tenancy, pawn, and sell with and without approval of fam­
ily or lineage leaders, or both, for the various tenure categories. Theoretically, 
the right to rent out under share tenancy is the weakest right followed closely 
by the right to rent out under leasehold tenancy,6 whereas the strongest right 
rests in the right to sell without approval. Pawning is problem-ridden, because 
if a pawner cannot repay the loan, the land may eventually be confiscated by a 
pawnee. Except for the case of lineage-owned paddy fields, in which there is no 
individual right to sell at all, farmers' answers were either "yes without ap­
proval" or "yes with approval," for all categories. Therefore, we characterized 
the strength of individual land rights in terms of the number of rights without 
requiring approval (see Table 4.3).7 Since there is no difference in land rights 

5. The role of trees in establishing land claims was noted by one of the earliest Europeans 
to publish on Sumatra. Marsden (1811:69), drawing on his experience living in Sumatra in the late 
sixteenth century, long before rubber and coffee were introduced, wrote that "property in land de­
pends on occupancy, unless where fruit-bearing trees have been planted." For a more recent analy­
sis, see Angelson (1995). 

6. This could be because there is stronger incentive to mine the soil under leasehold tenancy 
than share tenancy, because the whole marginal product accrues to leasehold tenants, unlike share 
tenants, who receive only a portion of incremental output. See Otsuka, Chuma, and Hayami (1992) 
for a survey of the literature on the land tenancy contracts in agrarian economies. 

7. Besley (1995) constructs a similar variable and treats it as a continuous variable for the 
regression analyses. This procedure is problematic: unless the differences in land rights between 
all contiguous land tenure categories are equal, the land right index should be treated as an ordinal 
rather than a cardinal variable. 
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between bush-fallow and agroforestry plots for the same tenure category, these 
two types of land are combined under the category of upland fields. Needless 
to say, less individualized tenure categories are found more widely in bush-
fallow plots. 

Individual land rights under lineage ownership are very weak, possessing 
at best the right to rent out under share tenancy. It is interesting to observe that 
individual land rights for paddy fields under joint family ownership in the mid­
dle and low regions are comparatively high, even greater than the land rights 
under single family ownership by daughters in these two regions. It appears that 
individual land rights under joint family ownership have been strengthened by 
the deliberate agreement of the extended family members. 

Except for this somewhat anomalous phenomenon, land rights are stronger 
under single family ownership than joint family ownership, and within single 
family ownership, the rights are stronger in the case of ownership by both 
daughters and sons. But even under single family ownership by daughters and 
sons, there is no right to sell without the approval of family members. The right 
to sell without approval is granted only to land acquired by clearing forests or 
by purchasing land. There is practically no difference in land rights between 
cleared and purchased land at the time of acquisition. Particularly in the mid­
dle and low regions, land rights in privately acquired land are close to complete 
ownership. Even in the high region, where individuals' rights over cleared and 
purchased land are weaker, it does not seem too difficult to obtain approval from 
one 's family members in order to sell land. The major difference between pri­
vate ownership in Sumatra and the Western world is the lack of official regis­
tration, so that land cannot be used as collateral for loans from banks. It is im­
portant to note that land rights acquired by clearing forests tend to decline over 
time if the land is planted to food crops and fallowed. How fast this decline oc­
curs, however, is difficult to quantify. 

Table 4.3 also compares tree rights on upland field under different land 
tenure institutions (see numbers in parentheses). Two rights are considered: 
rights to plant and replant trees. As in the case of land rights, we characterized 
the strength of individual tree rights in terms of the number of rights without 
requiring approval. It is clear that tree rights are markedly weaker under the col­
lective ownership (lineage and joint family ownership) than under the individ­
ualized ownership (single family ownership and private ownership), which 
confers almost perfect tree-planting and -replanting rights. In the case of col­
lective ownership, members of the group usually oppose tree planting because 
those who plant trees tend to demand strong individual ownership or long-term 
use rights on land. 

The data in Tables 4.2 and 4.3 seem consistent with hypothesis 1, that land 
tenure institutions evolve toward individualized tenure in order to enhance in­
centives to invest in commercial trees in the face of increasing population pres­
sure on land. On the other hand, investment in traditional irrigation works for 
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paddy production requires a minimum of effort to maintain and repair these 
simple, small-scale facilities. Thus, less individualized land tenure for paddy 
fields is not as much of a problem from the standpoint of required investment 
incentives. If population pressure is the driving force toward individualization 
of land tenure institutions, we would expect to observe a predominance of more 
individualized tenure on tree crop plots in areas where population density and 
population growth rates are high. 
Determinants of Land Tenure Choice 
In order to identify the determinants of the choice of land tenure institutions, 
we estimated functions explaining the proportion of land under lineage, joint 
and single family ownership, and the two types of private ownership (that is, 
for purchased and cleared land) separately for paddy fields and tree crop plots. 
More specifically, we estimated the following functions while using a common 
set of explanatory variables: 

Yy = Ytj (population density, population growth rate, proportion 
of paddy area, proportion of ethnic minorities, traveling time to 
subdistrict town, walking time to forest, regional dummies), 

where 7 shows the proportion of z'-th type of land ownership (z = 1,2, 3 ,4) on 
7'-th type of land (j = 1,2), and explanatory variables are all village-specific ex­
cept regional dummies represented by middle and low region dummies. By 
definition, in principle, 2.fYy = 100 percent.8 This equation corresponds to equa­
tion (1) in Chapter 2. 

Means of explanatory variables by region are exhibited in Table 4.4. Pop­
ulation density in 1983, the earliest census year for which consistent village 
population statistics are available, was highest in the middle region and lowest 
in the low region. Annual average population growth rate for 1983—93, how­
ever, was low in the middle region, indicating the high population pressure on 
limited land resources in this region. Annual population growth rates were 
around 1 percent. Out-migration seems to have taken place, partly because of 
limited availability of unexploited land suitable for cultivation and partly be­
cause of ample job opportunities provided by commendable growth of nonfarm 
sectors until the recent Asian economic crisis arose. Percentage of paddy area 
is included to capture the special importance of paddy fields for supplying food. 
The percentage is computed from data in Table 4 .1 . In this measure, the high 
region is located in the most favorable area, with paddy fields covering 5.7 per­
cent of the village land. The percentage of outsiders was highest in the middle 
region, most of whom were migrants from Java and settled in this region be­
fore the 1980s. The Javanese are not matrilineal, and their inflow might have 

8. The sum, however, does not add up to 100 percent in some cases because of the small area 
of land under state ownership. 
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affected the traditional land ownership systems in these matrilineal societies. 
Travel time to the subdistrict capital by motorcycle was included to take into 
account the impact of access to local markets, whereas walking time to the near­
est forest was included to capture the effects of proximity of residential areas 
to remaining forests. Partly as a result of its well-maintained infrastructure, 
travel time to the subdistrict capital was shortest in the middle region. Because 
little forestland is left near villages, walking time to the nearest forest was as 
long as approximately three hours in both the middle and low regions. Thus, 
farmers often build cottages and stay there overnight when they work in newly 
cleared fields. In the high region, walking time is shorter, but villages are often 
surrounded by the national park, which has been strictly protected in recent 
years. These observations suggest that the availability of forestland suitable for 
cultivation has been declining. 

We estimated 13 regression functions; the estimation results are shown in 
Table 4.5, excluding the case of lineage ownership of paddy field and tree plots, 
which occupied small areas. Since Y{. are truncated below zero, we applied the 
tobit estimation method.9 

The validity of hypothesis 1, that population pressure promotes the in­
dividualization of land tenure, can be tested by examining whether higher 
population density and greater population growth rates are associated with 
greater incidence of private ownership and smaller incidence of family own­
ership. In order to reduce simultaneous equation bias possibly arising from 
the endogeneity of the population variables, we used population census figures 
from the past.10 Consistent with our hypothesis, population density has a 
negative and significant effect on the incidence of joint family ownership 
and positive and significant effects on the incidence of single family owner­
ship and private ownership through purchase in the case of paddy field. Since 
all forest areas suitable for conversion to paddy cultivation have been ex­
hausted, individualization took the form of replacing collective ownership by 
single family ownership and inducing market transactions in land. Note that 
the middle and low region dummies have positive effects on the proportion 
of joint family ownership and negative effects on the proportion of single 
family ownership in the paddy field equations. These results are consistent 
with the observation from Table 4.3 that land rights for joint family tenure in 
the middle and low regions were similar to or even stronger than land rights 
of single family ownership. According to the estimation results of the deter­
minants of land tenure in agroforestry plots, higher population density seems 
to have promoted private ownership by stimulating the clearance of forests at 

9. Since tree crop plots under single family ownership existed in all sites, tobit and ordi­
nary least squares (OLS) regressions are identical in this case. According to the OLS estimation, 
R2 is 0.39. 

10. Note that the results of our statistical test must be qualified to the extent that population 
variables are endogenous. 
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the expense of single family ownership. The effect of population density on joint 
family ownership, however, is insignificant presumably because of the small area 
remaining under this ownership (see Table 4.2). Like population density, higher 
population growth resulted in lower incidence of single family ownership and 
higher incidence of private ownership through clearance of forests. 

It is interesting to observe that percentage of paddy area tends to have neg­
ative effects on the clearance of forest, which is different from the effect of pop­
ulation variables. This is expected, because the larger endowment of paddy 
fields, which produce more grain per unit of area than upland fields, lessens the 
population pressure on land. Percentage of outsiders is associated negatively 
with the incidence of joint family ownership of paddy fields, suggesting that the 
inflow of outsiders helped undermine the traditional family ownership system 
of the matrilineal society. There is a possibility of reverse causation that out­
siders migrated to villages where land tenure institutions are highly individu­
alized so that they could rent in land. However, outsiders seem to have acquired 
paddy land in the distant past by clearing the remaining forest areas suitable for 
paddy cultivation, which is reflected in its positive coefficient in the cleared area 
regression for paddy fields. 

By and large, both travel time to the subdistrict town and walking time to 
forests have no significant effects on the distribution of land ownership, with the 
exception of the positive effects of both variables on the incidence of purchased 
agroforestry plots. The former result indicates that the more remote locations are 
the only places where people are willing to sell land at a reasonable price. The 
latter result, which points to the high incidence of purchase of the existing agro­
forestry plots in areas where there is little forest near the village, is tenable. 

To sum up, statistical evidence indicates that population pressure induces 
the individualization of land ownership, even though we cannot rule out the pos­
sibility of simultaneous equation bias. A major question is the relative speed by 
which primary forest and bush-fallow areas have been converted to commercial 
tree plots planted to rubber, cinnamon, and coffee under different land tenure 
institutions. If the major source of tree plots is primary forest, agroforestry de­
velopment comes at the expense of the natural environment. On the other hand, 
if tree plots were primarily converted from bush-fallow, this development 
brings environmental benefits. These are the issues to which we now turn. 
Determinants of Deforestation and Land Purchase 
In order to obtain more accurate information on the distribution of upland un­
der different land tenure institutions, let us examine the data from a brief indi­
vidual household survey. Our total sample size consists of 300 households—5 
households each in 60 villages. Since we hope to be able to assess the behav­
ior of households regarding deforestation, we focus on 273 households that ac­
tually owned upland fields including land acquired through forest clearance. 
Similarly, we pay particular attention to the 231 households that have ever ac-
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quired bush-fallow and forestland for the analysis of the development of agro­
forestry. The difference, which is 42 households, acquired upland planted to 
trees from the beginning. In this survey, we failed to obtain reliable data on joint 
family land areas, as individual respondents could not correctly estimate the ar­
eas of land owned by the extended family, particularly when it is "unused" or 
under fallow. So we focus on inheritance by single family under the matrilin­
eal, newly emerging egalitarian and patrilineal inheritance systems and cleared 
and privately purchased land. 

Table 4.6 demonstrates the manner of acquisition of upland fields. First, 
we found that the proportion of inherited land is well below 50 percent, sug­
gesting that the importance of inheritance has declined over time. This seems 
to be a consequence of increasing population pressure on land inherited from 
the earlier generation. It appears that the proportion of purchased land has in­
creased, even though land transaction has traditionally been prohibited. The 
proportion of inherited land is highest in the high region, partly because the set­
tlement of villages in this region is earlier. 

We also found that the average upland area per household in the low re­
gion is higher than in the high and middle regions. This indicates less popula­
tion pressure on land in the low region compared with the other two regions. It 
must be also pointed out that the land acquired by forest clearance is quite high 
in the low region, because of greater availability of forests in this region.11 Usu­
ally, newly cleared forestlands are located in distant areas, whereas purchased 
lands are commonly located in areas not far from residential areas. 

It would be reasonable to assume that acquisition of land through forest 
clearance and acquisition through purchase are the choices made by an indi­
vidual household, while the acquisition of inherited land is determined by the 
parental generation. In the low region, land was first acquired by inheritance, 
followed by forest clearance and purchase (Table 4.6). In the high and middle 
regions, although forest was acquired in the earliest years, there is not much dif­
ference from the dates of purchase and inheritance. Even though forestlands 
tend to be acquired earlier, it seems reasonable to assume that young farmers 
are able to predict relatively accurately how much land they will acquire 
through inheritance in the near future. This is because in the case of single fam­
ily ownership qualified heirs can be clearly defined, so that inheritance deci­
sions by parents are public knowledge for their heirs. Although heirs do not 
know when parents will die, they can temporarily use parents ' land until in­
heritance. If they perceive that land to be received as inheritance will not be 
sufficient, they will acquire more land by clearing forest or purchasing. There­
fore, it is reasonable to assume that the amount of inherited land areas, either 
actual or expected, influences individual decisions to acquire land. We also 

11. The data exhibited in Table 4.6 are largely consistent with the data shown in Table 4.1. 
We further examine land tenure distribution in the intensive survey sites later in the chapter. 



CN i—i 0 0 o o 00 00 OO 0 0 
ON I ON O N O N 

a o 

o 
O O O <N NO o CN —< -sr CN O 

- H o —i N O CN 0O O 00 O 
o d d « —I ^ 

cs •a a 
C3 

T-* CN <-H o (N 0 0 0O 00 0 0 00 
O N O N O N O N O N 

a o '5b 
CD 

o •>*• in i O N o 
« H co co o 

o 
cd T3 
e 

c o oo o —i O N <—< *—' o in C N 
ci ci d <6 ci ~^ 

tN OO o o 
ON O N 

>- I CN OO o o 
O N ON 

T 3 C C3 

"3 
<u 
CO 

o 

0 D 

0 0 

s 

CN CO O CN CO O 

£ '£ 

T 3 C 

w -1 « •a 

oo o co O N in 
t O O 4 rH « 
ci <S <z> <d> <z> ^ 

•a S 

•a 
CD 

•a 
u 

J 3 4 3 : op op «, 
3 3 « 
S W Q 

Q D I? 
o 

o H 

2 o 

w o is S o •• a a 
o o 
co 2 



Agroforestry Management in Sumatra 117 
assume that the reduction in inherited land area per household reflects the sever­
ity of population pressure, as the population growth must have exceeded the 
pace of forest clearance over the past few decades. We hypothesize that as the 
size of inherited land decreases, farmers attempt to clear more forest, even 
though newly cleared areas may be small, or purchase more land. 

In order to identify the determinants of the choice of upland acquisition, 
we estimated functions explaining the areas of land acquired by forest clear­
ance and purchase. The explanatory variables in our regressions include the 
area of inherited land, interaction of inherited land with two inheritance system 
dummies with the base for comparison being inheritance by daughters, the per­
centage of trees planted at the time of acquisition of inherited land, age of 
household head, schooling of head, owned paddy area, and the number of male 
and female workers between 16 and 60 years of age. Although one may think 
that owned paddy area is endogenous, actually it is largely inherited (see Table 
4.2). We believe that it is legitimate to assume that the inherited land areas are 
determined by parents and, hence, exogenous for current generations. 

The average paddy area was larger in the low region (0.8 hectare) and the 
high region (0.6 hectare) than in the middle region (0.3 hectare), reflecting the 
comparatively abundant endowment of paddy land relative to population out­
side the middle region. There were no appreciable differences in the proportion 
of trees planted in inherited land among the three regions, which is about 40 
percent of the area. There were also no noticeable regional differences in the 
age and schooling of household head and the number of male and female work­
ers per household. Since there are different inheritance systems, we used inter­
action terms of inherited land area with two inheritance system dummies in our 
specification of the regression function. 

Because of the nonexistence of certain types of land acquisition in a num­
ber of sample households, and because unobservable characteristics of villages 
may affect land acquisition decisions, we applied the tobit estimation method 
with village fixed effects. The estimation results are shown in Table 4.7. 

The first column shows the determinants of acquired forest areas through 
forest clearance or deforestation. As we expected, inherited land has a negative 
and significant effect on deforestation. This is consistent with hypothesis 2, that 
increasing population pressure on limited land is a major cause for deforesta­
tion. Although the tobit beta coefficient is -0 .97 , the marginal effect of a 1 per­
cent increase in inherited land on forestland is -0 .37 , 1 2 which indicates that 
decreases in inherited land are not well compensated for by increases in forest­
land. Interaction terms of inherited land with two inheritance dummies, how­
ever, were not significant, suggesting that there is no substantive difference in 
the decision to clear forest among matrilineal, bilateral, and patrilineal inheri-

12. We calculated the marginal effect following the formula proposed by McDonald and 
Moffitt (1980). 
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TABLE 4.7 Determinants of land acquisition at the household level: Tobit regression 
with village fixed effects 

Forest Clearance Purchase 
Intercept -2.88 -3.88 

(-1.40) (-1.49) 
Inherited upland -0.99** -0.26 

(-2.75) (-0.65) 
Interaction of inherited upland and dummy -0.07 1.52 

for bilateral inheritance (-0.07) (1.36) 
Interaction of inherited upland and dummy 0.69 -0.16 

for patrilineal inheritance (1.25) (-0.16) 
Percentage of area planted to trees in -0.01 -0.02* 

inherited upland (-1.43) (-2.00) 
Age of head 0.05** 0.02 

(2.50) (0.67) 
Schooling of head 0.09 0.16* 

(1.13) (1.78) 
Owned paddy area 0.93* 1.19* 

(2.11) (2.02) 
Number of male workers 0.60* 0.42 

(1.71) (0.98) 
Number of female workers -0.25 0.10 

(-0.74) (0.26) 
Log likelihood -306.32 -254.13 
NOTE: Numbers in parentheses are f-statistics. 
*.05 level 
**.01 level 

tance systems. From this result we may be able to conclude that the traditional 
matrilineal inheritance system under single family ownership provides incen­
tives to invest in forest clearance as strong as the more recent bilateral and pa­
trilineal inheritance systems. 

Owned paddy area has a positive and significant effect on deforestation, 
which suggests that wealthier farmers tend to clear more forestland by em­
ploying hired laborers. This interpretation is reinforced by the fact that the pur­
pose of forest clearance is to establish agroforest, which also requires labor and 
capital. The finding that paddy land ownership has a positive effect on forest 
clearance may seem contradictory to our earlier finding that the proportion of 
paddy land tends to have negative effects on the proportion of cleared forest­
land. It must be noted, however, that we applied the village-level fixed effects 
model in Table 4.7, so that the effects of the availability of paddy and forest­
land in the village are controlled for. The earlier analysis, in contrast, did not 
control for such village-specific effects. Thus, it is likely that in villages en-
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dowed with relatively large paddy areas the demand for new forestland is 
smaller, but among farmers it is the rich who can afford to invest in clearance 
of forests. 

The percentage of area planted to trees has a negative effect but is not 
significant. Therefore, the hypothesis that the development of profitable agro­
forestry deters deforestation is not supported by our data. The net effect will de­
pend on the labor-using effect of agroforestry and development of labor mar­
ket, as we discussed earlier.13 The age of the household head has a positive and 
significant effect on deforestation. This result is consistent with hypothesis 3, 
that the older the household head, the greater would have been access to forest­
land in one's youth. Hence, acquired forestland area would be larger. We also 
found a significant influence of the increasing number of male workers on de­
forestation. Since clearance of forest requires hard work by male workers, this 
result is not surprising. 

The second column shows the estimation results of the determinants of 
purchased land. Owned paddy area has a highly positive effect on the purchase 
of land, which indicates that wealthier farmers tend to purchase larger areas of 
upland. We also found that schooling of the household head has a positive and 
significant effect, suggesting that more educated farmers tend to buy more land. 
Unexpectedly, inherited land has an insignificant effect on purchased land. In­
teraction terms of inherited land with the two inheritance dummies are also in­
significant. The percentage of area planted to trees has a negative and significant 
effect. It may well be that the larger demand for labor in agroforestry deterred 
purchase of additional land. 
Determinants of Development ofAgroforestry 
Under customary law, relatively strong individual rights are granted to those 
who plant trees not only in Sub-Saharan Africa (for example, Shepherd 1991, 
chap. 3) but also in Sumatra. Under such an institutional rule, an individual 
community member who has acquired land through inheritance as well as 
through other means may have strong incentives to plant trees in order to ob­
tain secure individual land rights. Table 4.8 shows the average acquired forest 
and bush areas by household and the incidence of tree planting (development 
of agroforest) by manner of acquisition and region. The percentages of bush-
fallow and forest area converted to agroforests are high in all regions. Further­
more, the incidence of tree planting tends to be higher in cleared forest and in­
herited land than in purchased land, with the exception of the high region. The 
purchase in the high region, however, was unimportant. These observations in­
dicate that incentives to invest in tree planting are not simply determined by the 

13. According to Suyanto, Tomich, and Otsuka (2001b), rubber agroforestry requires sub­
stantially more labor than upland rice cultivation under shifting cultivation, which is a major al­
ternative farming system in the low region. 
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TABLE 4.8 Average areas of acquired forest- and bushland per household and the 
incidence of tree planting by manner of acquisition and site 

Acquired Bush Area Planted 
Land Acquisition and Forest Area to Trees 

(hectares) (percentage) 
High region 

Matrilineal inheritance 0.33 69 
Egalitarian inheritance 0.00 n.a. 
Patrilineal inheritance 0.00 n.a. 
Forest clearance 0.62 79 
Purchase 0.08 95 
Tenancy 0.03 78 
Total/average 1.06 77 

Middle region 
Matrilineal inheritance 0.13 95 
Egalitarian inheritance 0.12 90 
Patrilineal inheritance 0.04 77 
Forest clearance 0.48 94 
Purchase 0.42 71 
Tenancy 0.16 77 
Total/average 1.33 84 

Low region 
Matrilineal inheritance 0.55 74 
Egalitarian inheritance 0.00 n.a. 
Patrilineal inheritance 0.12 45 
Forest clearance 1.93 71 
Purchase 0.35 29 
Tenancy 0.01 100 
Total/average 2.96 66 

SOURCE: Brief individual household survey in extensive survey villages. 
NOTE: Tree-planted areas at the time of land acquisition have been excluded, "n.a." refers to "not 
applicable." 

strength of land rights or the level of land tenure security but also by the ex­
pected changes in land rights after tree planting. 

In order to identify the determinants of the development of agro forests, we 
estimated a tree-planting function in which area planted to trees is a dependent 
variable. The explanatory variables included the area of inherited land, inter­
action terms of inherited land with two inheritance dummies, purchased land, 
age of household head, owned paddy area, the number of male and female 
workers 16 to 60 years of age, and outsider dummy. The estimated function cor­
responds to equation (3) specified in Chapter 2. 
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Since some households have not planted trees, and because unobservable 

characteristics of villages may affect the tree-planting decisions, we applied the 
tobit estimation method with village fixed effects model while using household 
data. The estimation results, including the estimated marginal effects, are 
shown in Table 4.9. We found that the estimated marginal effects are almost 
similar to the estimated tobit beta coefficient, which reflects the high incidence 
of tree planting. 

Both forestland and inherited land have positive and highly significant ef­
fects on tree planting. Purchased land also has a positive but weaker effect, 
judging from its significantly smaller coefficient than the coefficients of forest-
and inherited land. Thus, the incentive to plant trees in purchased land is lower, 

TABLE 4.9 Determinants of area planted to commercial trees: Tobit regression with 
village fixed effects 

Beta coefficients Marginal effect 
Intercept -0.54 

(-1.38) 
Forestland area 0.77** 0.73** 

(25.67) 
Inherited land area 0.69** 0.65** 

(8.63) 
Interaction of inherited land area -0.17 -0.16 

and dummy for bilateral inheritance (-0.74) 
Interaction of inherited land area 0.19 0.18 

and dummy for patrilineal inheritance (0.76) 
Purchased land area 0.38** 0.36** 

(5.43) 
Age of head 0.01 0.01 

(1.00) 
Schooling of head 0.03* 0.03* 

(1.67) 
Owned paddy area 0.19* 0.18* 

(1.73) 
Number of male workers 0.16* 0.15* 

(1.99) 
Number of female workers -0.14* -0.13* 

(-2.01) 
Outsider dummy 0.12 0.11 

(0.29) 
Log likelihood -223.97 
NOTE: Numbers in parentheses are r-statistics. 
*.05 level 
**.01 level 
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even though the strength of purchased land rights is much higher. Because of 
the secure land right, farmers probably do not have to rush in planting trees. In 
contrast, if land use is limited to food crops grown under shifting cultivation, 
individual rights acquired through forest clearance tend to diminish over time. 
When land is under fallow, other members of the community can claim the right 
to use this "unused" land (Marry and Michon 1987). Relatively strong individ­
ual ownership rights, however, are granted if trees are planted. Under such in­
stitutional rules, an individual community member who has cleared forestland 
would have strong incentives to plant trees in order to establish secure land 
rights. Similar to this case, if individual household members have not planted 
trees on bush-fallow land received by inheritance, there is a possibility for other 
members of the extended family to claim the "unused" land. 

The interaction terms of inheritance dummies (egalitarian inheritance by 
daughters and sons and patrilineal inheritance by sons only) do not have 
significant coefficients. It appears that the incentives to invest in tree planting 
are more likely and more strongly affected by expected changes in land rights 
after tree planting than the level of land rights before tree planting. These find­
ings are consistent with hypothesis 4. Similar phenomena are reported by a case 
study of cocoa planting in western Ghana (Chapter 3). Our result, however, is 
quite different from the findings of Besley (1995), who uses the data set from 
western Ghana to show statistically that stronger land rights lead to a higher in­
cidence of tree planting. We would argue that Besley's methodology of simply 
counting the number of rights (for example, rights to rent out and sell) to 
measure the tenure security without considering the relative importance of 
each right leads to biased estimation.14 The number of male workers has a 
positive and significant effect on tree-planted areas, whereas the number of 
female workers has a negative and significant effect. These results are plaus­
ible, since the establishment of agroforest requires primarily male labor (Bar­
low and Muharminto 1982). Finally, we found that more educated farmers tend 
to establish agroforest more actively. 
Summary for Extensive Study 
According to the results of the extensive study, population pressure is positively 
associated with individualization of land tenure institutions in indigenous soci­
eties. The conclusion that population pressure is a causal factor, however, will 
have to be qualified, to the extent that the population variables are not truly ex­
ogenous. The extent of individualization, however, was different for different 
types of land. Ownership of paddy land is least individualized, which is con­
sistent with the small investment requirement for paddy field. Thus, joint fam­
ily ownership still prevails in many areas. The ownership of bush-fallow land 

14. Moreover, tree planting is expressed by binary variable in Besley's study, which is in­
adequate where tree-planting areas and densities are significantly different. 
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is more individualized than paddy fields but less so than agroforestry plots. In 
fact, joint family-cum-lineage ownership accounts for about one-fourth of 
bush-fallow but for much less than 10 percent of agroforests. These observa­
tions are consistent with our contention that, as in Ghana (Chapter 3), both 
clearing forests and planting trees enhance individual ownership rights under 
these indigenous land tenure institutions. These institutional rules seem to 
reflect the general principle that labor effort for long-term investments is re­
warded by stronger individual land rights. 

We also obtained evidence that reduction in inherited area results in de­
forestation in Sumatra and that wealthier farmers clear forests and develop 
agroforestry more actively. It is found that the development of agroforestry did 
not exert a strong influence on the pace of deforestation. Therefore, we ques­
tion the validity of the argument that the development of agroforestry deters de­
forestation significantly. If it is desirable to preserve primary forest from the so­
cial or global viewpoint, measures other than the promotion of profitable 
agroforestry need to be implemented. 

The statistical analysis indicates that the proportion of area planted to trees 
is higher in formerly forest- and inherited land than in purchased land and that 
the difference in the strength of land rights between matrilineal and egalitarian 
inheritance does not have any effect on the pace of tree planting. These results 
support our hypothesis that the incentive to invest in tree planting is affected 
not only by strength of individual land rights but also by expected changes in 
land rights after tree planting. In other words, customary land tenure institu­
tions have built-in incentive mechanisms that ensure active tree planting. In all 
likelihood, therefore, farmers in customary land areas invest in tree planting if 
agroforestry is profitable. The establishment of profitable agroforest, in turn, 
will contribute to the improvement of the well-being of farmers residing in 
mountainous areas and to the improvement of natural environment, to the ex­
tent that it replaces bush-fallow area. 

It is observed that inequality between rich and poor farmers may increase 
in the process of deforestation and the development of agroforestry, as wealthy 
farmers clear forests and develop agroforests more actively than poor farmers. 
How to achieve equitable development of agroforestry without sacrificing its 
profitability is a major challenge we now face. 

Intensive Study 

Property Rights and Land Use 
In order to explore to what degree individualized land rights stimulate the 
efficient management of agroforests, we conducted an intensive household sur­
vey in two typical cinnamon-growing villages in Kerinci District in Jambi 
Province (see Figure 4.1). Almost all inhabitants belong to the Kerinci ethnic 
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group, which traditionally has practiced matrilineal descent. We conducted a 
random sample survey of 50 households in each of the two contiguous villages, 
which have similar topographical, ecological, and socioeconomic environ­
ments. Three rounds of the household survey were conducted in August/ 
September 1996, February/March 1997, and August 1997. 

As shown in Table 4.10, we found a total of 695 fields cultivated by our 
sample households under joint family ownership, other ownership systems, and 
tenancy and borrowing arrangements. Out of 695, 239 were lowland paddy 
fields. Note that a rotation system of cultivation is common under the joint fam­
ily ownership system, in which only qualified households cultivate the land in 
a particular year. Therefore, we found 99 paddy fields cultivated by members 
of joint families other than selected sample households during the 1996/97 wet 
season and focused on the 140 paddy fields actually cultivated by our sample 
households in this study. Among these, 82 percent were irrigated by traditional 
simple gravity systems using streams flowing from nearby mountains, while the 
rest were rainfed. The average size of paddy field was less than half a hectare, 
and a typical household owned two to three paddy plots, including jointly 
owned plots. 

Upland fields were divided into 155 young cinnamon fields with trees 1 to 
3 years of age, 264 productive cinnamon fields with trees age 4 to 13, and 37 
bush-fallow fields. A considerable number of cinnamon fields were inter­
cropped with coffee, even though cinnamon trees predominated. To simplify 

TABLE 4.10 Distribution and average size of owned/cultivated and sample plots 
by land use 

Owned/ 
Cultivated Plots3 Sample Plots 

Number 
Average 

Size Number 
Average 

Size 
Number of 
households 

(hectares) (hectares) 
Total 695 0.96 378 0.75 100 
Lowland rice fields 239 0.48 140 0.47 88 
Young cinnamon fields'3 155 1.20 63c 0.70 46 
Productive cinnamon 

fields'1 264 1.18 175° 0.99 79 
Bush-fallow 37 1.60 0 — 33 
SOURCE: Intensive survey. 
"Owned under joint family ownership, owner-cultivated under other ownership systems, and cul­
tivated under tenancy and borrowing arrangements. 
bYoung cinnamon fields refer to those with trees aged one to three years. 
Excluding those cinnamon fields intercropped with coffee. 
dProductive cinnamon fields refer to those with trees aged four years and above. 
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the analysis of profitability, we chose 63 young and 175 productive fields 
entirely planted to cinnamon for the detailed survey of production, input use, 
and cost.15 

Most of Indonesia's cinnamon is produced in the Kerinci Valley, where 
our study sites are located.16 There, the main cinnamon harvest (when trees are 
felled) occurs after 8 to 10 years of growth. Coppices regrow after harvesting, 
and this process can be repeated three times in most cases. Because of the de­
clining rate of regrowth, trees are usually replanted after the fourth harvest. Mi­
nor output is "produced" when certain branches are pruned beginning with four 
years after planting or regrowth. Among the young cinnamon fields in our sam­
ple, 16 percent were converted from bush-fallow land after clearance, 22 per­
cent were established after clearing old cinnamon fields and replanting, and 62 
percent were derived from regrowth after the main harvest. Young fields were 
intercropped with annual crops, mostly with chili; in our sample, 62 percent 
were intercropped in the first year, 21 percent in the second year, and 5 percent 
in the third year. Intercropping intensity declines primarily because of the in­
creasing competition for sunlight with growing trees. 

Bush-fallow fields, which accounted for a small proportion of area, were 
generally located in areas far from village centers and were formerly planted to 
food crops. Only one-third of our sample households owned such land, which 
reflects the near exhaustion of easily accessible cultivable land in the Kerinci 
Valley. At present, some of them are secondary forests.17 Farmers sell stand­
ing cinnamon trees to local traders, who offer prices to farmers based on their 
own assessment of the value of cinnamon in the field. Taking advantage of this 
practice, we employed traders in our survey and requested them to assess the 
value of standing cinnamon trees in all productive sample fields. We define the 
sum of the estimated value of trees and actual sale value of minor output as "po­
tential value of output" and the potential value of output minus total nonland 
cost as "potential profit." We used both of these variables in our statistical 
analysis. In our survey we also measured the elevation and slope of plots to ob­
tain information on land quality. Land quality may be affected not only by its 
physical characteristics but also by soil fertility, which is considered to be crit­
ically affected by the previous land cover (that is, forest, cinnamon field, or bush 
fallow). Thus, we also investigated the previous land cover of our sample plots. 

15. Insofar as coffee is a minor crop, the choice between cinnamon alone and cinnamon 
intercropped with coffee seems to be of secondary importance. 

16. Indonesian cinnamon (Cinnamomum burmanii)—also called "cassiavera"—accounts 
for roughly two-thirds of the world supply of this species, which is ground from the bark. It is a 
different species than that in South Asia {Cinnamomum verum). The bark of the South Asian species 
can be removed without cutting down the living trees. In the main harvest of Indonesian cinnamon, 
however, trees are felled before the bark is removed. 

17. The choice between growing cinnamon trees and maintaining bush-fallow fields is not 
explicitly analyzed in this study because of the minor importance of the latter. 
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It is expected that soil fertility is higher on land that has just been cleared from 
natural forests. 

The prevailing land tenure institutions differ somewhat between lowland 
paddy fields and upland cinnamon fields. Table 4.11 shows the land tenure dis­
tribution of all sample plots by land use type. There were a variety of land tenure 
institutions in lowland paddy fields, ranging from joint family ownership to pri­
vate tenure and to share and fixed-rent tenancy. It is remarkable that the tradi­
tional matrilineal inheritance system (joint family tenure with inheritance by 
daughters) has almost completely given way to inheritance by daughters and sons 
alike, in both joint family and single family ownership systems. Because of the 
predominance of this egalitarian inheritance system, we use the combined sub­
categories in joint family and single family ownership systems in our statistical 
analysis. In the case of joint family ownership, a household that has the right to 
cultivate in a particular year also has rights to rent out under both share and fixed-
rent tenancy and to pawn without permission of other members of the "joint fam­
ily." Land rights are much weaker in the case of borrowing from relatives, a sys­
tem with no formally required payments in which the cultivator basically has 
only usufruct rights. In the case of all other tenure institutions, including single 
family ownership, respondents indicated that the cultivator possesses perfect 
rights including the right to sell without anybody's permission, even though land 
cannot be used as collateral for credit from formal financial institutions. The 
common arrangement under share tenancy was 2/3:1/3 output sharing for tenant 
and landowner without cost sharing. Such an output sharing arrangement is 
sometimes observed elsewhere in Asia (Hayami and Otsuka 1993). 

TABLE 4.11 Land tenure distribution of sample plots by land use type 
Lowland Young Productive 

Land Tenure Categories Rice Cinnamon Cinnamon 
(percentage) 

Joint family 24 0 0 
Daughters 3 0 0 
Daughters and sons 21 0 0 

Single family 28 37 43 
Daughters 2 3 3 
Daughters and sons 22 27 38 
Sons 4 6 1 

Borrowing 8 18 14 
Private—purchase 10 18 24 
Private—forest clearance 1 14 9 
Share tenancy 19 14 10 
Fixed-rent tenancy 11 0 0 
SOURCE: Intensive survey. 
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The land tenure institutions of cinnamon fields were much more individual­

ized. First of all, there was no joint family ownership in this type of land. As in 
the case of paddy fields, the rights to rent out under leasehold and share contract, 
pawn, and sell without permission of any family and lineage members existed not 
only under private ownership but also under single family ownership. Renting 
under share tenancy contracts has also been observed, in which revenue from cin­
namon was shared equally between landowner and tenant if planting or replant­
ing was carried out by the tenant, and shared at 2/3:1/3 between them if trees were 
established prior to the tenancy. For annual crops intercropped with cinnamon 
seedlings, harvests were shared equally if current inputs were provided by the 
landowner, or wholly given to the tenant if the tenant provided inputs. Share ten­
ants and borrowers have cultivated the currently occupied land for 4.0 and 5.6 
years, respectively, on average. The distribution of land tenure institutions was 
essentially no different between young and productive cinnamon fields. 

Based on recall data, Figure 4.2 traces out changes in the manner of ac­
quisition of upland fields in terms of ratios of areas.18 It is clear that as the im­
portance of forest as a source of acquired land declined, the relative importance 
of single family ownership increased in the 1970s. As forestland became 
scarcer in the 1980s and 1990s, purchase of land became the predominant mode 
of land acquisition. It must be noted that the purchase of land became dominant 
because the right to sell land was bestowed under single family ownership. Fig­
ure 4.2 also suggests that the process of the evolution of land tenure institution 
has been relatively continuous and smooth. 

Table 4.12 shows land use by land tenure before the current cohort of cin­
namon trees were established. The data show that 13 percent of both young and 
productive cinnamon fields under single family ownership previously were bush-
fallow, and 87 percent were cinnamon fields. In the latter case, either cinnamon 
was replanted or coppiced after the previous cinnamon harvest. Significant num­
bers of cinnamon fields have been purchased, and many others are operated un­
der borrowing arrangements and share tenancy contracts, indicating that land 
market institutions are functioning. In the case of privately owned plots acquired 
by clearing natural forest, 44 to 47 percent had been used as cinnamon fields be­
tween the periods after forest clearance and before the establishment of current 
trees, 20 to 33 percent previously were bush-fallow land, and fewer than one-
third of the plots were converted directly from primary forest. 
Revenue, Cost, and Profit 
In order to analyze how the prevailing land tenure institutions affect the 
profitability of cinnamon and paddy production, we estimated the residual 

18. It must be pointed out that since data are based on recall of current population, in all like­
lihood, the trend shown in Figure 4.2 understates the importance of the more traditional manners 
of land acquisition, such as inheritance under joint family ownership, in earlier years. 
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FIGURE 4.2 Proportion of land acquisition by land tenure in Kerinci 

Proportion 
1 0 , 

<1970 1971-75 1976-80 1981-85 1986-90 1991-95 
NOTE: "Single family 1" refers to ownership through inheritance by a daughter. "Single family 2" 
refers to ownership by daughter and son separately. 

profit, defined as gross revenue minus both actual and imputed costs of hired 
and family labor, and current and capital inputs. The residual profit thus defined 
is intended to measure the contribution of land, management inputs, and the in­
tensity of family labor effort, which cannot be directly measured. Since tenure 
security determines incentives to manage fields for future benefits, it is reason­
able to assume that after controlling for land quality, the differences in the 
residual profit can be attributed to the differences in tenure security. We there­
fore regressed the estimated residual profit on the land tenure variables and vari­
ables representing land quality, among other things. 

Labor, particularly family labor, is the major cost item in the production 
of paddy and cinnamon. In order to estimate the total cost of production, we im­
puted the cost of family labor by activity and gender by using the relevant pre­
vailing wage rates of hired laborers. Wages of both male and female workers 
in the same activity under the same contractual arrangement (that is, daily wage 
or piece rate contract) were quite uniform across our sample observations, sug­
gesting that a standard wage existed in each activity in our sites. We also found 
that both daily wages and piece rate contracts coexisted in many activities in 
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TABLE 4.12 Previous land use of current cinnamon fields by land tenure type 
Young Cinnamon Productive Cinnamon 

Bush- Bush-
Fallow Cinnamon Forest Fallow Cinnamon Forest 

(percentage) 
Single family 13 87 0 13 87 0 
Borrowing 9 91 0 33 67 0 
Privates—purchase 0 100 0 21 79 0 
Private—clearance 33 44 22 20 47 33 
Share tenancy 11 89 0 22 78 0 
SOURCE: Intensive survey. 

both paddy and cinnamon production and that daily wages were substantially 
lower than daily earnings under piece rate contracts.19 

Wage income per day used for the imputation of family labor costs ranged 
from 4,500 to 6,500 rupiah ($1.88 to 2.71) for men and from 3,400 to 3,900 ru-
piah ($1.42 to 1.63) for women.2 0 Since family laborers are expected to work 
more intensively than daily wage workers, we used daily earnings under piece 
rate contracts for the imputation whenever such contracts prevailed.21 

Although unreported in tabular form, several important observations can 
be made on labor use per hectare of paddy production by activity and land 
tenure institution. First, labor use per hectare, both total and by activity, was 
quite similar across different tenure systems, which suggests that tenure effects 
on labor allocation were relatively small. Second, the average rice yields were 
also similar and clustered around 2.1 tons per hectare. Third, labor use was very 
high in absolute terms, amounting to slightly more than 200 days per hectare, 
even though the traditional, six-month varieties were grown. In fact, it is gen­
erally greater than that observed in well-irrigated paddy fields growing modern, 
high-yielding rice varieties in other parts of Asia, which are considered highly 
labor intensive (David and Otsuka 1994). The high labor intensity suggests that 
paddy area was scarce relative to labor in our sites. Fourth, the proportion of 
female labor was about one-half, implying that both men and women worked 
more or less equally in paddy fields. There was, however, specialization of work 

19. Such uniform differences between daily wages and daily earnings under piece rate con­
tracts are widely observed in rice-growing areas of Asia, which may be attributed to incentive-
enhancing and self-selection effects of the latter contract (David and Otsuka 1994). 

20. The prevailing exchange rate of approximately US$1.00: 2,400 rupiah in 1996/97 was 
applied for the conversion from Indonesian rupiah to U.S. dollars. 

21. Since no woman was engaged in cinnamon harvesting as a hired laborer, we used the 
average female wage for other activities (land preparation, planting of annual crops and seedlings 
of cinnamon, crop care, and harvesting of annual crops) for the imputation of women's family la­
bor cost in cinnamon harvesting. 
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TABLE 4.13 Labor use in cinnamon fields by age of trees and laborers' gender 
Number of 

Age of Trees Sample Plots Men Women Total 
(years) (person-days/hectare) 

1 21 57.3 51.9 109.2 
(85) (78) (82) 

3 21 20.6 25.4 46.0 
(67) (58) (62) 

5 29 15.1 5.5 20.7 
(58) (85) (65) 

7 30 17.6 17.4 35.0 
(27) (9) (18) 

SOURCE: Intensive survey. 
NOTE: Numbers in parentheses are proportions of family labor. For simplicity, only labor data for 
tree of selected ages are shown. 

by gender; women worked primarily in weeding and harvesting, whereas men 
were engaged mostly in land preparation. The proportion of hired labor sea­
sonally migrating from neighboring areas was approximately two-thirds, pri­
marily because the selected villages are endowed with much more fertile paddy 
fields than neighboring areas. The large reliance on hired labor also indicates 
that the labor market is well developed in this area. 

Table 4.13 shows labor use per hectare in cinnamon fields by laborers' 
gender and age of trees. It is clear that in cinnamon fields, too, men and women 
worked more or less equally. Labor use per hectare is particularly high in the 
first year owing to heavy labor requirements for land preparation and planting 
of both cinnamon and annual crops. From the second year, labor requirements 
tend to decline as the proportion of fields planted to food crops and weeding 
requirements declined. Family labor is used mostly in the first three years, 
whereas hired labor is heavily employed for such simple tasks such as weeding 
in later stages of tree growth. 

Using average wages to impute family labor costs, we examined estimates 
of revenue, total cost, and the residual profit of rice production by land tenure 
institution, including the costs of current inputs (such as seeds and chemical fer­
tilizer) and capital services (water buffaloes for land preparation, trucks for 
hauling, and mechanical threshing). The costs of current inputs and capital ac­
counted for only a small portion of total cost,22 whereas labor accounted for 
about 50 percent. This is not surprising given the labor-intensive paddy culti­
vation system employed in the study area. It is observed that not only gross rev-

22. We also imputed the cost of family-owned buffalo and threshing machines, even though 
they were relatively minor cost items. 
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enue but also the cost of each item and the residual profit were quite similar 
among different land tenure institutions. Borrowed land, which exhibits lower 
values of revenue, total cost, and profit, is an exception to this pattern. These 
observations suggest that, despite differences among the prevailing tenure in­
stitutions, these institutional differences do not have a significant influence on 
the efficiency of paddy production. This may be explained partly by the fact that 
although the lack of tenure security may affect long-term investment incentives, 
rice is an annual crop, and the simple gravity irrigation system requires little in­
vestment to establish or maintain. It may also be the case that practices that 
would degrade land, which in principle would arise under the rotation system 
of jointly owned plots, were effectively prevented by mutual enforcement 
mechanisms operating in the joint ownership arrangements within extended 
families. 

The potential value of production, labor costs, current input costs (mostly 
chemical fertilizer for annual crops), and the potential profit of cinnamon fields 
are shown by age of trees in Table 4.14. For young cinnamon plots, data are 
shown by plantation or regrowth. Plantation after clearance of different types 
of fields (old cinnamon field, bush-fallow field, or forest) was combined because 
of the limited number of observations and the similarity of costs of clearance 

TABLE 4.14 Potential value, production costs, and potential profit of upland 
cultivation by age of cinnamon trees 

Cost of 
Potential Labor Current Total Potential 
Valuea Costb Inputs Cost Profit 

Age (1) (2) (3) (2)+ (3) (1) - (2) - (3) 
(years) (1,000 rupiah) 

1 (Plantation) 457 649 126 775 -318 
1 (Regrowth) 553 328 66 394 158 
2 (Plantation) 214 134 2 135 79 
2 (Regrowth) 154 282 11 293 -140 
3 (Plantation) 38 256 8 264 -226 
3 (Regrowth) 82 198 9 206 -124 
4 1,071 209 2 211 860 
6 2,441 119 2 121 2,319 
8 4,096 98 0 98 3,995 

10 6,408 64 19 83 6,325 
12 9,271 83 0 83 9,189 
SOURCE: Intensive survey. 
"Actual revenue from food production for age 1 to 3 years and the value of cinnamon trees esti­
mated by traders for age 4 years and above. Only data for trees of selected ages are shown. 
bImputed cost of family labor by the prevailing wages plus cost of hired labor. 
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among the three cases. The total cost was substantially higher and the value of 
production lower in planted fields than in coppiced fields in the first year pri­
marily because of the cost of clearing fields before planting. In the second year, 
however, the tota} cost became higher and revenue smaller in coppiced fields 
because of the larger labor requirements for weeding due to the omission of 
slash-and-burn operation. The difference in production cost, as well as the 
residual profit, became smaller by the third year. For the productive fields with 
trees aged four years and above, differences between planting and coppicing 
were negligible. The potential value of production and potential profit increase 
monotonically with the age of trees. Note that production and cost data in the 
very old fields must be interpreted with caution; since cinnamon trees are gen­
erally felled between 8 and 10 years of age, data for older trees probably are 
subject to selection bias. 
Econometric Analysis 
In this section, we estimate the revenue or potential value, total cost, and actual 
or potential residual profit functions separately for paddy, young cinnamon, and 
productive cinnamon fields by the ordinary least squares regression method. 
The specification of estimated functions is based on the basic methodology de­
veloped in Chapter 2 (see equation [4]). Dependent variables are expressed as 
values per hectare. Since the residual profits are negative in some cases, we used 
a linear specification. In this specification, the estimation of one of the three 
functions is redundant except for the direct demonstration of the significance of 
the estimated coefficients. We assume that land tenure institutions, represented 
by modes of acquisition, are predetermined for each household. In order to take 
into account the effect of household specific factors, we applied the random ef­
fects model for the estimation pertaining to the productive cinnamon.23 We 
have 140 parcels for this analysis, after excluding parcels of those households 
cultivating only one parcel. 

Means of explanatory variables, other than land tenure variables, are 
shown by type of field in Table 4.15. The majority of sample fields were ac­
quired more than 10 years ago. Both young and productive cinnamon fields 
were located far from residential areas. Household characteristics represented 
by paddy and cinnamon area owned, endowment of male and female family 
workers, and age and schooling of the male household head were not substan­
tially different across different types of fields. 

23. We did not apply the household-level fixed or random effects model to the statistical 
analysis of young cinnamon fields because only a small number of households cultivated two or 
more parcels. We show only the results of random effects estimation for the productive cinnamon 
because the Hausman test shows that household-level unobservables are not significant, indicating 
that random effects is the preferred specification. The Breusch-Pagan test also indicates the im­
portance of random effects. 
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TABLE 4.15 Means of explanatory variables for plot-level analysis on lowland rice 
and upland crop production by type of field 

Paddy Young Productive 
Land Cinnamon Cinnamon 

Year of land acquisition 1983 1986 1983 
Walking time (minutes) 24.3 76.6 86.3 
Altitude (m) n.a. 1,058 1,082 
Slope (degree) n.a. 10.16 11.66 
Owned paddy area (ha)a 1.05 0.95 1.21 
Owned cinnamon area (ha) 4.01 4.68 6.00 
Number of male workersb 1.16 1.14 1.11 
Number of female workers'3 1.27 1.24 1.26 
Age of head 43.3 40.3 42.9 
Schooling of head (years) 8.0 7.1 8.1 
SOURCE: Intensive survey. 
NOTE: "n.a." refers to "not analyzed." 
"Including areas under joint family ownership. 
bNumber of male or female family members between 16 and 60 years of age. 

Estimation results of gross value of output, total cost, and the residual profit 
functions for paddy production are shown in Table 4.16, in which joint family 
ownership is used as the base for comparison of land tenure effects. The fits of 
the regressions are poor, as reflected in low values of Rz. None of the coefficients 
of the three land tenure dummies is significant in any of the three functions, 
which supports our hypothesis that the prevailing land tenure institutions do not 
affect farm management efficiency. These results are consistent with earlier 
findings by Place and Hazell (1993) that land tenure institutions do not affect 
crop yields in customary land areas of selected Sub-Saharan countries. 

The two tenancy variables are not significant either, which is consistent 
with the general finding that land tenancy contracts do not distort work incen­
tives in Asia (Hayami and Otsuka 1993). Moreover, there also is no strong ev­
idence that resource endowments of households significantly affect profitabil­
ity of paddy production, even though owned paddy areas and the number of 
male family workers affect gross revenue and total costs. The overall findings 
are consistent with hypothesis 5, that factor markets, including land rental and 
hired labor markets, function well so as to equalize factor ratios among differ­
ent fields. 

Table 4.17 presents the estimation results for young cinnamon fields. Since 
production differed with the age of trees and previous land cover (Table 4.14), 
we used two dummies for tree age and three interaction terms between tree age 
and regrowth dummies. As might be expected, the dummy variables have 
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TABLE 4.16 Determinants of gross value of output, total cost, and residual profit 
of rice production 

Gross Value of Output Total Cost Residual Profit 
Intercept 2001.0 1589.7 411.3 

(5.42) (5.69) (1.71) 
Rainfed dummy -8.77 -40.6 31.8 

(-0.05) (-0.31) (0.28) 
Walking time -1.02 0.12 -1.15 

(-0.34) (0.05) (-0.59) 
Age of head 0.70 -5.30 6.00 

(0.11) (-1.14) (1.50) 
Schooling of head -3.31 6.43 -9.74 

(-0.19) (0.48) (-0.85) 
Owned paddy area -178.2* -201.6** 23.4 

(-2.45) (-3.67) (0.49) 
Owned cinnamon area 28.2 16.0 12.2 

(1.45) (1.08) (0.96) 
Number of male workers 152.6* 113.2* 39.4 

(1.75) (1.72) (0.69) 
Number of female workers 41.1 -26.1 67.2 

(0.41) (-0.34) (1.02) 
Single family -7.88 -15.0 7.13 

(-0.43) (-0.11) (0.06) 
Private 225.5 303.2 -77.7 

(0.82) (1.45) (-0.43) 
Borrowing -389.0 -133.9 -255.1 

(-1.46) (-0.66) (-1.47) 
Share tenancy -260.5 -215.6 -44.9 

(-1.29) (-1.41) (-0.34) 
Fixed-rent tenancy -32.5 -85.7 53.2 

(-0.14) (-0.50) (0.36) 
i?-squared 0.109 0.164 0.121 
NOTE: Dependent variables are expressed as values per hectare. Numbers in parentheses are 
/-statistics. 
*.05 level 
**.01 level 

significant coefficients in several cases. As a result, R2 statistics generally are 
high. Yet neither land and labor endowment variables nor the share tenancy 
dummy is significant, rendering added support to the hypothesis that factor mar­
kets work well. Furthermore, none of the land tenure variables except borrow­
ing is significant, which supports the hypothesis that the customary land tenure 
institutions provide sufficient tenure security comparable to private ownership. 



TABLE 4.17 Determinants of gross value of output, total cost, and residual profit for 
young cinnamon fields 

Gross Value of Output Total Cost Residual Profit 
Intercept 731.88 1484.98 -727.37 

(1.16) (2.26) (-1.10) 
Second-year dummy (2D) -308.49* -415.52* 24.09 

(-1.83) (-2.37) (0.14) 
Third-year dummy (3D) -563.86** -461.58** -113.53 

(-3.45) (-2.71) (-0.66) 
Regrowth dummy x lDa 118.66 -308.47* 385.01** 

(0.85) (-2.11) (2.61) 
Regrowth dummy x 2Da -86.91 -64.93 34.45 

(-0.50) (-0.36) (0.19) 
Regrowth dummy x 3Da 118.95 -128.27 227.52 

(0.72) (-0.74) (1.30) 
Walking time -0.90 -0.95 0.23 

(-1.13) (-1.14) (0.27) 
Slope 4.05 -1.64 5.71 

(0.68) (-0.26) (0.91) 
Altitude -0.047 -0.51 0.46 

(-0.09) (-0.93) (0.84) 
Age of head 2.77 -3.33 5.63 

(0.63) (-0.72) (1.21) 
Schooling of head -6.98 -17.95 10.45 

(-0.58) (-1.44) (0.83) 
Owned paddy area -43.14 -58.28 9.18 

(-0.85) (-1.10) (0.17) 
Owned cinnamon area -15.35 5.37 -18.88 

(-1.12) (0.38) (-1.31) 
Number of male workers -38.66 -5.43 -40.90 

(-0.65) (-0.09) (-0.65) 
Number of female workers 59.10 151.44* -78.85 

(0.83) (2.04) (-1.05) 
Private—purchase -159.83 -100.507 -62.93 

(-1.43) (-0.86) (-0.54) 
Private—clearance -219.06 -23.12 -152.82 

(-1.40) (-0.14) (-0.93) 
Share tenancy -87.28 -57.02 -40.23 

(-0.64) (-0.40) (-0.28) 
Borrowing -337.32** -36.52 -299.33* 

(-2.91) (-0.30) (-2.46) 
i?-squared 0.536 0.411 0.416 
NOTE: Dependent variables are expressed as values per hectare. Numbers in parentheses are 
f-statistics. 
"Interaction term between dummy for regrowth of trees and dummy for first year (ID), second year 
(2D), or third year (3D) of cultivation. 
*.05 level 
**.01 level 
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Regarding borrowed land, which does not conform to the general pattern, it may 
well be that land that is lent is of inferior quality. This is consistent with the ob­
servation that revenue from borrowed land was significantly lower even though 
production costs are comparable to costs under single family ownership. 

Finally, Table 4.18 presents results for productive cinnamon fields using 
the random household effects model.2 4 In this model, we used nine tree age 
dummies and four variables related to land quality, namely, slope, altitude, and 
two dummy variables representing the previous land cover. Partly reflecting the 
fact that the age of trees is largely uniform in the same field unless the field is 
very old, most coefficients of tree age dummies are not only positive, as may 
be expected, but also highly significant. Altitude has negative and significant 
effects on the potential value and profit, which is consistent with the common 
perception of farmers in this area that trees grow less well and water content of 
bark tends to be higher at higher altitudes within the Kerinci Valley. The area 
of land cleared from forest has a weakly significant positive effect on the po­
tential value. 

It is remarkable to find that neither the factor endowment variables nor pri­
vate land tenure, share tenancy, and borrowing dummies have significant ef­
fects on potential value, total cost, and potential profit. The former result indi­
cates that factor markets work well in customary land areas of Sumatra. The 
latter result strongly supports our hypothesis formulated in Chapter 2 that cus­
tomary land tenure institutions have been sufficiently individualized to ensure 
tenure security. 
Estimation of Internal Rates of Return 
In order to assess the profitability of investments in cinnamon trees, we com­
puted the internal rate of return by land tenure type under the assumption of an 
eight-year interval between major cinnamon harvests based on the estimated 
profit functions shown in Tables 4.17 and 4.18. In computing net profits, we as­
sume that bush-fallow land is cleared in the first growth cycle and that cinna­
mon trees are regrown three times thereafter, which was reported to be the com­
mon practice by farmers.25 We used the average values of variables pertaining 
to plot and household characteristics and their estimated coefficients, and the 
coefficients of tree ages and land tenure dummies. Results for profit function 
estimates for young cinnamon trees were used to derive cash flows for the first 
three years. The cost function estimates for productive trees were used for cash 
flows from fourth to seventh years. Finally, the profit function result for pro-

24. Considering the possibility of selection bias arising from the fact that some cinnamon 
trees were harvested after the eighth year, we reestimated all three functions by excluding those 
fields whose trees were nine years of age and older. Both the magnitude and significance of the re­
maining variables, however, remain largely unchanged. 

25. The estimated internal rates of return were almost unchanged when we assume that trees 
were harvested every 10 years. 



TABLE 4.18 Determinants of potential value, total cost, and potential profit 
functions for productive cinnamon fields: Household random effects 

Potential Value Total Cost Potential Profit 
Intercept 4880.0 273.1 4597.5 

(2.73) (2.34) (2.58) 
Age 5 dummy 417.9 -45.1 458.4 

(0.65) (-1.07) (0.71) 
Age 6 dummy 1684.0** -17.3 1712.7** 

(2.64) (-0.42) (2.68) 
Age 7 dummy 2708.9** -60.9 2774.3** 

(4.56) (-1.57) (4.66) 
Age 8 dummy 2920.5** -34.3 2975.5** 

(4.45) (-0.80) (4.53) 
Age 9 dummy 4786.9** 19.5 4776.2** 

(4.68) (0.29) (4.65) 
Age 10 dummy 5702.3** -81.7 5789.7** 

(8.37) (-1.84) (8.49) 
Age 11 dummy 6603.3** -135.1* 6743.5** 

(6.33) (-1.99) (6.46) 
Age 12 dummy 8308.0** -119.7* 8436.8** 

(8.91) (-1.97) (9.04) 
Age 13 dummy 10905.7** -131.1 11055.7** 

(7.21) (-1.32) (7.30) 
Slope -3.4 0.57 -4.2 

(-0.21) (0.57) (-0.26) 
Altitude -3.7* -0.1 -3.6* 

(-2.34) (-1.00) (-2.25) 
Dummy for forest before 2136.6* 128.0 2029.5 

(1.71) (1.57) (1.62) 
Dummy for bush-fallow before -15.0 -4.6 -1.7 

(-0.03) (-0.16) (-0.00) 
Walking time 0.5 -0.12 0.63 

(0.02) (-0.71) (0.24) 
Private—purchase -433.7 25.1 -461.8 

(-0.91) (0.80) (-0.97) 
Private—clearance -261.5 -44.3 -202.0 

(-0.31) (-0.81) (-0.24) 
Share tenancy 925.6 -23.6 970.8 

(1.49) (-0.58) (1.57) 
Borrowing 1016.9 -9.0 1020.9 

(1.82) (-0.25) (1.84) 
/{-squared 0.650 0.082 0.650 
NOTE: Dependent variables are expressed as values per hectare. Numbers in parentheses are 
^-statistics. 
*,05 level 
**.01 level 



138 S. Suyanto, Thomas P. Tomich, andKeijiro Otsuka 
ductive cinnamon was the basis for the estimate of profit from the main harvest 
in the eighth year. 

The estimates of internal rates of return are 42 percent for single family 
ownership, 29 percent for private ownership through purchase, and 31 percent 
for private ownership through clearance of forest. Note that these estimates are 
not significantly different, as none of the land tenure dummies was significant 
in the regression analyses of profits and cost on both young and productive cin­
namon fields. The estimated returns are quite high, which indicates that cinna­
mon is quite profitable.26 The high profitability of cinnamon production is con­
sistent not only with the expansion of cinnamon areas in Kerinci but also with 
the transformation of the customary land tenure system toward individualiza­
tion, which is conducive to investment in trees. Very similar results were ob­
tained from the companion case study of rubber agroforestry in Sumatra 
(Suyanto, Tomich, and Otsuka 2001). 

These high rates of return on investment may be explained in part by the 
lack of access to credit because of the credit market imperfection, which in turn 
may be explained partly by the absence of collateral value of land due to the 
lack of land titles, as argued by Feder et al. (1988). In any event, since these 
high rates of return are found under private ownership as well as traditional 
tenure systems, they cannot be attributed to any deficiency of customary land 
tenure institutions. 
Land Tenure and Land Distribution 
The evolution of customary land tenure institutions toward individualized own­
ership may lead to inequitable distribution of landholding. In order to quantify 
the relative importance of the various land components under different land 
tenure institutions in accounting for the overall inequality of land distribution, 
we apply a decomposition analysis of the Gini measure of landholding in­
equality as developed by Fei, Ranis, and Kuo (1978) and Pyatt, Chen, and Fei 
(1980) for household data. 

The Gini decomposition formula is given by G(Y) = Is. PG(7.), where 
G(Y) equals the Gini ratio of total operational landholdings, 7. equals land-
holding of i-th tenure type, s. equals average share of z'-th type of land, and 
PG(7;) equals the pseudo-Gini of landholding inequality. If PG(7.) is greater 
(smaller) than G(7), distribution of z'-th type of landholding is less (more) eq­
uitable than the average, thereby contributing to the expansion (contraction) of 
inequality in the overall landholding distribution (see Appendix of Chapter 3 
for further details). Computation results are shown in Table 4.19. 

26. It is estimated that during the period from 1981 to 1996 the real domestic price of cin­
namon increased by 7 percent per year. If farmers expect an increasing trend in the cinnamon price, 
the estimated internal rates of return may still underestimate farmers' expected returns. 
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TABLE 4.19 Overall Gini ratio of operational landholding and contribution 
by land component 

Land Share Pseudo-Gini Ratio 
Single family—matrilineal 0.02 -0.362 
Single family—egalitarian and patrilineal 0.33 0.373 
Private—forest clearance 0.22 0.565 
Private purchase 0.23 0.472 
Renting 0.21 0.171 
Overall 1.00 0.382 
SOURCE: Intensive survey. 

The negative pseudo-Gini coefficient of landholding under the matri-
lineal-type single family ownership implies that the distribution of this type 
of land is negatively correlated with the distribution of other types of land. 
Since the income share of this type of land is negligibly small, its impact on 
the overall Gini coefficient is small. As might be expected, the pseudo-Gini 
ratio of single family land acquired by egalitarian and patrilineal land inher­
itance is smaller than the overall Gini ratio, implying that this type of land is 
relatively equally distributed. The pseudo-Gini of the acquired forestland is a 
major component of landholding that contributed to the inequitable distribu­
tion of land. As we have seen from Table 4.7, households endowed with larger 
paddy fields and large number of male family workers acquired more forest­
land, which seems to have resulted in the inequitable distribution of land-
holding. Privately purchased land is another inequality-increasing component 
of land distribution. Yet it is remarkable to find that the pseudo-Gini ratio of 
land renting is exceedingly small, which implies that land rental transactions 
contributed to the reduction of inequality. As a result, the overall Gini ratio is 
not widely different from the Gini ratio of single family ownership with egal­
itarian inheritance. 

Thus, contrary to popular belief, there is no strong evidence that the evo­
lution of customary land tenure institutions toward individualized ownership 
significantly widened the inequality of operational landholding. 
Summary for Intensive Study 
The intensive household study provided added support for our hypothesis that 
traditional land tenure institutions in customary land areas have evolved over 
time toward more individualized ownership. Otherwise, it would be difficult to 
interpret the absence of the significant effects of the modes of land acquisition 
on the efficiency of production. Farm management efficiency under single fam­
ily ownership is comparable to that under private ownership in both lowland 
paddy and upland cinnamon production. The efficient management of cinna-
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mon fields under single family ownership is particularly noteworthy, as this 
suggests that sufficiently strong incentives to invest in management of agro­
forestry exist under this newly emerging ownership system. Furthermore, the 
estimated internal rates of return to investment in cinnamon trees support the 
hypothesis that investment in cinnamon trees has high payoffs. This explains 
why uncultivated bush-fallow land has largely disappeared and has been re­
placed by more intensive use of land through tree planting in our study sites. It 
is highly likely that the conversion of bush-fallow land to cinnamon fields was 
facilitated by the individualization of customary land tenure systems. 

We also have obtained evidence that land rental and labor markets allo­
cate resources efficiently among households endowed with different propor­
tions of land and labor. Tenure security established under the prevailing land 
tenure institutions is likely to have contributed to the formation of effectively 
functioning land markets because security of ownership is a prerequisite for 
efficient land market transactions. Furthermore, renting is found to contribute 
to the equitable distribution of operational landholdings. 

In sum, the evolution of customary tenure institutions and factor markets 
seems effective in achieving an efficient allocation of resources and invest­
ments in agroforestry in an equitable manner. 

Policy Implications 
At present, property rights in land are well recognized and respected among 
community members, so that there does not seem to be much room for im­
proving investment incentives by strengthening individual rights within in­
digenous communities. However, we do not mean to suggest that a land-titling 
program is unnecessary to enhance management efficiency further in the long 
run. Because of the lack of official titles, land cannot be used as collateral for 
credit from formal financial institutions. But, as others have recognized for the 
case of Sub-Saharan Africa (Feder and Noronha 1987; Migot-Adholla et al. 
1991), there also are important questions about the administrative feasibility 
and cost-effectiveness of formal land titling. The cost will be particularly high 
or even prohibitive if land is owned jointly and land title is to be given only to 
a single person or household. An important observation is that such cost may 
not be excessively high for upland fields in Sumatra owing to clear individual­
ization of land rights. The expansion of formal credit institutions into these rel­
atively remote areas and the establishment of official land title will become in­
creasingly important as further intensification of the land use is required. 
Unusually high internal rates of return to investment in cinnamon agroforestry 
may attest to the significant imperfection of credit markets in our sites. 

The finding that equally efficient incentives exist for investment in and 
management of agroforestry among different land tenure institutions has im­
portant implications for both equity and efficiency from the social point of view. 
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First of all, we have to recognize that rural people in hilly and mountainous ar­
eas, such as our study sites, are generally very poor and that in such areas agro­
forestry has a comparative advantage over food production. In order to reduce 
the incidence of poverty, it is recommended that profitable agroforestry systems 
should be established, given that the efficient land tenure institutions are in 
place. Investments in research of new technologies and their extension, invest­
ment in social infrastructures, and improvement of marketing systems are ex­
amples of measures to enhance the profitability of agroforestry. Due consider­
ation, however, must be paid to the fact that relatively wealthier farmers tend 
to develop agroforestry more actively. 

The development of agroforestry on sloped fields will contribute to the re­
duction in soil erosion, siltation, flooding, and other negative externalities and 
the improvement in tree biomass. Such contribution justifies the support for the 
development of agroforestry from the social point of view. 

However, it is unrealistic to expect local communities to supply sufficient 
substitutes for natural forests' many ecological and environmental services, in­
cluding abatement of negative environmental externalities of land use change 
(for example, smoke that impedes aviation and harms public health) and global 
public goods (for example, carbon sequestration and biodiversity conserva­
tion). The analysis in this chapter shows, however, that natural forests are 
largely open access under the communal land tenure institutions, and, hence, 
they have been exploited by the desire of local farmers to acquire cultivation 
fields. No effective mechanism exists to compensate these farmers directly for 
production and investment opportunities forgone in favor of natural forest con­
servation. The search for workable, incentive-compatible institutional mecha­
nisms that can clarify, monitor, enforce, and compensate for a more socially op­
timal mix of agricultural production and environmental services deserves high 
priority. Our hope is that insights from this research on the dynamics of in­
digenous land tenure institutions can contribute to constructive approaches to 
address these complex natural resource policy issues. 
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5 Tree and Cropland Management in Malawi 
FRANK PLACE, REDGE MASUPAYI, 
AND KEIJIRO OTSUKA 

Malawi is one of the poorest countries in the world, with 63 percent of the pop­
ulation estimated to live in poverty (World Bank 1996). It is also heavily re­
liant on its agricultural sector, not only for employment, as is common with 
most other countries in Sub-Saharan Africa, but also for income generation. In 
1993, agriculture accounted for 39 percent of GDP and 94 percent of export 
earnings (World Bank 1996). Obviously, any program designed to confront the 
immediate poverty problem must address agricultural productivity. As 
Malawi 's history indicates, this is no easy feat in a country that is landlocked 
and has but a single rainy season. 

Malawi in fact did invest heavily in an agriculturally led growth strategy be­
tween the 1960s and 1990s. This was aimed primarily at increasing production 
through the large estate sector, and the government facilitated this by expropri­
ating land from traditional chiefs and leasing it to large estate holders at low fees 
(Pryor 1990). It also restricted smallholders from effectively producing and mar­
keting certain commercial crops, which had the effect of creating a pool of cheap 
labor for the estates. Although this strategy did generate significant export rev­
enues, mostly from tobacco production, it did not make a significant dent in al­
leviating rural poverty. One of the reasons is that the government was a monop­
oly purchaser of maize in the country and producer prices were set very low, 
acting as a tax on smallholder maize producers (Sahn and Arulpragasam 1991a). 

The effect of this producer tax on output was partially offset by significant 
state expenditures in subsidized credit and inputs for smallholder maize pro­
duction. The focus on maize helped to solidify the dominance of maize in small­
holder production systems, where it occupied more than 80 percent of culti­
vated land in the early 1990s. Smale (1995) reports that just before the complete 
removal of input subsidies and movement toward liberalization of maize out­
put markets, a Green Revolution had occurred in Malawi, with the area under 
hybrid maize rising from 7 percent to 24 percent between 1988 and 1992. Al-

We are particularly grateful for valuable comments on an earlier version by Peter Dewees and 
Davies Ng'ong'ola. This chapter draws on Place and Otsuka (2001a, 2001b). 
144 



Tree and Cropland Management in Malawi 145 
though this is encouraging, the increase in household income resulting from a 
switch to improved maize varieties is low because the value of maize per unit 
area is low relative to other cash crops such as tobacco (Zeller, Diagne, and 
Kisyombe 1997). Fortunately, the government then removed production con­
trols (through marketing quotas) on burley tobacco for the smallholder sector. 
On the whole, farmers in the relevant agroecological zones have responded en­
thusiastically by incorporating burley tobacco into their farming systems.1 

The pace of rural population growth and demand for agricultural land, ur­
ban demand for fuelwood, and the recent expansion of the smallholder tobacco 
program have heightened the concern of policymakers over the state of the nat­
ural resource base and its ability to sustain rural agricultural growth. They have 
taken note that in Malawi, as elsewhere in Sub-Saharan Africa, there has been 
a significant change in its landscape cover. Although reliable figures are hard 
to come by, the Forestry Department estimates the annual deforestation rate to 
be 1.3 percent per year in the 1980s (World Resources Institute 1994). This has 
raised concern about the future supply of fuelwood and other tree products and 
environmental services (French 1986; Hyde and Seve 1993; Dewees 1995). 
Much of the deforestation is believed to be linked to conversion of communally 
owned miombo woodlands into agricultural land. This includes expansion onto 
steep slopes and other fragile lands in many cases. Bojo (1994) presents data 
suggesting that the consequent effects on soil erosion create serious costs to the 
Malawian economy. 

Malawi policymakers, having few resources at their disposal, must make 
critical choices concerning the type of land use patterns that will prevail in the 
future. There will likely be trade-offs between growth and sustainability, and 
regardless of the choices made, patterns of investment will need to intensify. 
Unfortunately, there is little understanding of the dynamic process leading up 
to the current land utilization pattern or to related effects on productivity and 
the stock of natural resources. This study will provide new evidence as to how 
communities and households have managed their land and tree resources and 
what factors seemed to be most important in their decisions. This information 
is valuable to policymakers who continue to struggle with the twin objectives 
of alleviating poverty in the short run and preserving the natural resource base 
in the long run so that future generations may have access to high-quality in­
come-generating assets. 

In this study we are concerned primarily with the influence of land tenure 
on land use, tree resource management, agricultural investment, and agricul­
tural productivity in Malawi. Our study focuses on the customary sector, which 
occupies about 70 percent of land area in Malawi (Sahn and Arulpragasam 
199 lb) . In this sector, cultivators are small peasants (with the exception of fron-

1. After the time of this research, prospects for tobacco growers worldwide seem to have 
worsened owing to accelerated changes in public opinion in the north. 
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tier areas in the north-central region), and many of them suffer from severe 
poverty. Although previous research has explicitly questioned the appropriate­
ness of certain customary tenure systems in providing incentives for woodland 
management and agricultural investment (Mkandwire 1983-84, 1992; Dicker-
man and Bloch 1991; Coote, Luhanga, and Lowore 1993a, 1993b; Nankumba 
1994; Lowore et al. 1995), there have been surprisingly few quantitative tests 
of these hypotheses. Following an overview of the customary tenure system in 
Malawi, these hypotheses are more clearly developed in the separate studies of 
tree management and agricultural efficiency. 

The organization of this chapter is as follows. An overview of the cus­
tomary land tenure systems in Malawi is presented in the next section. We then 
discuss the sampling strategies used in the extensive and intensive studies along 
with a description of the study sites. The discussion of the extensive "commu­
nity" study is subdivided into sections on hypotheses, development of econo­
metric models, description of key variables, a discussion of results, and a con­
clusion. The section following this repeats this format, but for the intensive 
"household" study. Finally, the overall policy implications drawn from both 
studies are found in the last section. 

Customary Tenure Systems in Malawi 
There is no single customary tenure system in Malawi, and many of the differ­
ences derive from the practices of individual ethnic groups. However, a few 
characteristics of the tenure systems appear to hold across most of Malawi. 
First, all customary land falls under the paramount administration of a tradi­
tional authority (or chief), and these boundaries are well established and docu­
mented. The vertical structure of traditional administration is fairly consistent, 
with village headmen acting as custodians of land within a clearly defined vil­
lage area. Where land is plentiful, they remain with some allocative authority, 
but their powers are now largely confined to dispute settlement. Village head­
men allocate land to individuals as well as to heads of families. The heads of 
families, once they receive allocated land, have direct management control of 
lands and are the first to be sought by family members in search of land. Virtu­
ally all customary land is transferred through allocation by a traditional leader 
or, more commonly today, through inheritance. Land is normally shared among 
all legitimate heirs. The individual right of land sale is not known throughout 
the rural customary sector of Malawi (except in the case in which the land had 
been converted to a formal leasehold with the state). 

The communal tenure system can be first distinguished between cultivated 
and noncultivated land. Cultivated land, as described above, is mainly under 
the control of families, and therefore village headmen and chiefs do not have 
much authority over the land. This is not to say that land rights are individual­
ized. The family head and other members may exert considerable influence over 
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the transfer of land rights. Noncultivated land, mainly in the form of open 
woodland, is normally under the custodianship of a clan, a village headman, or 
perhaps a higher traditional authority (for example, a leader among a group of 
headmen). The woodlands can be considered as common property, as they are 
owned by the community and used jointly by community members for collec­
tion of firewood, other natural resources, and grazing. These lands, however, 
appear to be virtual open-access resources for community members, with only 
a few operational rules on user group membership or use rates (see Coote, 
Luhanga, and Lowore 1993a, 1993b; Lowore et al. 1995). Thus, conversion of 
woodlands into farmland has proceeded without serious impediment in most 
areas of Malawi, even in the case of migrants. One notable exception is the Vil­
lage Forest Area (VFA) system initiated in the 1920s, rekindled recently by the 
Forestry Department, in which communities demarcate woodland areas to be 
placed under special management rules (which appear to emphasize conserva­
tion over sustainable use). 

Within cultivated land, as noted above, the dominant mechanism for land 
transfer is through inheritance. In this context, customary tenure systems can 
be distinguished according to descent practices, namely, matrilineal or patri­
lineal, and relatedly to residency practices, namely, patrilocal or matrilocal. The 
system as practiced by the Ngoni or Tumbuka is both patrilineal and patrilocal. 
Land is passed from father to son(s), and the sons continue to reside in the fa­
ther 's village, normally bringing in a wife from another village. The Chewa, the 
most populous group in Malawi, had traditionally practiced a matrilineal-cum-
matrilocal system (Hirschmann and Vaughan 1983,1984). Typically, a daugh­
ter would receive land from her parents (or other relatives, such as her uncle) 
upon marriage to a man from outside her village.2 The husband was said to be 
initially under chikamwini, or a probationary period, during which he had to 
prove his worthiness to the wife's parents. This system is akin to matrilineal 
systems observed in some parts of Asia, such as Sumatra (Chapter 4). In ma­
trilineal systems in which the couple moves to or otherwise resides in the hus­
band's village, the husband traditionally acquired land from a village headman 
or family leader in his village. 

The matrilineal-cum-matrilocal system, because of relatively weak land 
rights for husbands, is expected to provide the least incentives for long-term re­
source management, both of woodlands and of agricultural land. The first in­
centive problem is when the husband is residing in the wife's village only on a 
temporary basis. During this phase, the husband has very weak tenure security 
over this land.3 Apart from the probationary period under the matrilocal sys-

2. The practice of transmitting land from uncles to nieces and nephews, though documented 
in the literature, appears to have declined considerably according to our informal interviews. 

3. Such a view led to the resolution by the ruling party in 1969 to discourage the practice of 
chikamwini in favor of residence in the husband's village (Nankumba 1994). 
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tem, a major incentive problem under the matrilocal/matrilineal system arises 
upon divorce or death of a wife. In such cases, the male is expected to leave his 
wife's village (Nankumba 1994), which reduces his incentives to undertake 
long-term investment. Furthermore, he may have restricted land rights under the 
matrilineal system, because the land rights are also possessed by the wife's fam­
ily. Although incentives for wives may be equally weak under the patrilocal/ 
patrilineal system, the incentive problem is likely to be less pronounced be­
cause the husband is considered the head of household under both systems 
(Mkandawire 1983-84). 

As land became scarce, different scenarios or modifications of the tradi­
tional matrilocal/matrilineal practice emerged, suggesting the existence of de­
mand for its change. First, males unable to find land in their wife's village were 
now obtaining land from their Chewa parents. Second, some males were short­
ening or completely circumventing the probationary chikamwini period by of­
fering other gifts to the wife's parents. The right of males to relocate their fam­
ily in their own village became formalized in the institution of chitengwa 
(Nankumba 1994). Males were often actively seeking to gain control over land 
from outside their wives ' villages. In a study in Lilongwe Agricultural Develop­
ment Division (ADD), Nankumba (1994) found that more than 80 percent of the 
sampled Chewa households had some access to land in more than one village. 

Study Sites 
The data for the extensive study come from 57 enumeration areas throughout 
Malawi, which is the smallest unit for which boundaries are documented and 
can thus be transferred onto maps with relative ease.4 Enumeration areas are 
designed to have roughly the same population and thus are different in size de­
pending on the density of population. Our sample had a range of size from 180 
to 5,580 hectares; the mean was 1,271 hectares (or about 4 by 3 kilometers). 
Excluded from the sample were enumeration areas in the extreme north and 
south (Karonga and Shire Valley) and those corresponding to towns and 
gazetted state land (see Figure 5.1). The remaining enumeration areas were se­
lected by a stratified random process in which 15 each from the northern, north-
central, south-central, and southern regions of Malawi were selected. This 
stratification was made to ensure a variation in population density and tenure 
type, both of which are known to vary from north to south in Malawi. 

For the intensive study, we attempted to control for differences among eth­
nic groups and the broad ecological and economic conditions associated with 
geographical location, while at the same time allowing for variation in tenure 
arrangements. This could be accomplished only by finding an appropriate site 

4. Aerial photographs for 60 sites were analyzed for land use and tree cover change, but 3 
were not visited for field surveys because of logistical difficulties. 
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FIGURE 5.1 Location of study sites in Malawi 
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that was fairly small in total size. The north-central region of Malawi offered 
the possibility of locating households within a confined area that received their 
land through several different means: through the wife's family in her home vil­
lage, through the husband's family in his home village, and others, including 
cases in which both the wife and husband were new to the village. We chose 
Kasungu ADD to examine the intensification process and tree management un­
der different woodland scarcity levels. Local forestry officers helped to iden­
tify possible sites within high woodland cover, medium woodland cover, and 
low woodland cover areas. We selected one cluster of villages from each of the 
three areas and included eight villages in all. 

The process of selecting households was rather complex because we 
wished to ensure the inclusion of households operating under different tenure 
arrangements. Because of the complexity of the tenure arrangements, it was too 
costly to develop a sampling frame that would capture all the tenure subtleties. 
Instead, a quick census was used to stratify and select households according to 
broad tenure characteristics, that is, whether they were matrilocal, patrilocal, or 
other. Of the total of 138 households, approximately one-third were randomly 
selected from within each of these tenure groups. Once the surveys were ad­
ministered, further analysis of the data enabled us to classify households more 
clearly, based not only on residency status but on source of land acquired, as is 
described below.5 

Extensive Study 

Defining the Property Rights and Natural Resource 
Variables and Hypotheses 
Building on the models developed in Chapter 1 and from the previous discus­
sion of the customary tenure sector of Malawi, we view the probability of the 
husband losing rights to land in the wife's village as the primary source of 
tenure insecurity (p in the model). Greater insecurity is anticipated within the 
matrilineal-cum-matrilocal tenure arrangement compared with others, espe­
cially the patrilineal-cum-patrilocal system. W e found this insecurity arising 
under the matrilineal-cum-matrilocal system to be perceived consistently 
across different sites. Therefore the proportion of plots acquired under the 
matrilineal-cum-matrilocal system is used as a proxy for tenure insecurity. 
These matrilineal-cum-matrilocal systems are reported to be undergoing change, 
and our first investigation concerns an understanding of the factors leading to 
the transformation to more patrilineal or mixed systems. Our hypothesis is that 

5. One of the inadequacies of the census was the reliance on birthplace to stratify house­
holds. This led to misclassification of some "migrant" households into the other group when in fact 
they may have migrated as children and received land from parents through matrilineal or patri­
lineal means. 
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there will be more erosion of the matrilineal/matrilocal system with increased 
population pressure and influence of markets and the urban sector. 

The second set of questions is focused on the anticipated effect of the dif­
ferent customary tenure systems on selected natural resource management 
variables. In applying the theoretical framework developed in Chapter 1 to the 
case of Malawi, it is important to mention that, unlike other study sites, tree 
planting cannot improve the husband's security of tenure in his wife 's village. 
This is because, regardless of the husband's actions, he has no rights to land 
in the wife's village and must leave upon death or divorce. Theoretically, there 
is more scope for tree planting to improve the husband's individual security 
in the patrilineal system. But in our patrilineal study sites, population densi­
ties are relatively low, and most sons are able to obtain adequate holdings 
through inheritance, thus reducing competition from within the extended fam­
ily. Therefore, long-term investment on agricultural land will depend criti­
cally on the initial level of tenure security alone in both matrilineal and patri­
lineal societies. 

This implies that we would hypothesize to observe less tree planting and 
greater reduction in tree cover within the matrilineal-cum-matrilocal system as 
compared with other systems.6 Likewise, incentives to manage woodlands in a 
sustainable manner are low for males in this system, and we hypothesize that 
tree cover will have declined fastest under the matrilineal-cum-matrilocal sys­
tem. In our study, we did not observe the presence of long-term investments 
that enhanced the profitability of maize, the most common crop. In the absence 
of such investments, we hypothesize that tenure security is not related to the 
change in crop yield. Last, we wish to test for the effect of tenure security on 
the pace of land conversion into agriculture. The discussion of equation (4) in 
Chapter 1 indicates that the link is ambiguous. Basically, the greater the net 
present value of profits from agriculture compared with woodlands, the more 
the effect of tenure security increases in magnitude. In the case of Malawi, it is 
likely that conversion of land will lead to higher short-term profits because the 
land would be fertile initially. Thus, tenure security increases incentives to in­
vest in land conversion, as in the two-period model of Besley (1995). However, 
in the absence of promising long-term investments, longer-term growth of 
profits may be lower in agriculture. As is implied by the infinite horizon model 
of Mendelsohn (1994), tenure security promotes the choice of sustainable use 
of land. Hence, our model cannot predict unambiguously the direction of the 
effect of different customary tenure systems on the rate of conversion. 
Econometric Modeling 
At the community level, the proportion of land acquired through the matrilineal-
cum-matrilocal system, population growth, tree cover change, land use change, 

6. As shown below, however, the variation in tree cover on agricultural land is too small to 
permit econometric testing of this hypothesis. 
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and yield change may be considered as endogenous. We do not report our re­
gressions on population growth because these are used mainly to derive pre­
dicted values to be used as regressors in the other models. We applied two sep­
arate models, one to explain current tenure patterns and the other to explain 
changes in natural resource management variables. With respect to the tenure 
regression, we applied a two-stage least squares method approach with popu­
lation growth as an endogenous independent variable. We found that by inter­
acting tenure with the location dummy variables, we are better able to distin­
guish tenure and location-specific factors. Because of this complexity, we could 
not treat the tenure variable as endogenous for methodological reasons. 

The proportion of land received through the matrilineal-cum-matrilocal 
system is denoted by M. This is most strongly linked to ethnic group because 
traditionally ethnicity was a near perfect predictor of inheritance rules. Over 
time, the influence of ethnicity has eased owing to land pressure brought about 
by population density and growth as well as to interactions with the formal sec­
tor through markets and urban pull. In-migration is yet another mechanism 
through which local institutions are subjected to new influences and modifi­
cations. Last, the more recent the turnover of land to new occupants, the greater 
the opportunity for tenure systems to change. Thus, we postulate the following 
regression equation to explain the current proportion of plots acquired through 
the matrilineal-cum-matrilocal system: 

M = / E T H , N0IX, D, XJX, YR), (1) 
where ETH denotes ethnic group; NQIX is population density in the initial pe­
riod, and GN stands for the population growth rate; D is distance to urban cen­
ters; XAQ/Xis the share of agricultural land in the initial period; and YR is the 
average date of plot acquisition. 

According to equation (4) in Chapter 1, the degree to which land is con­
verted to agriculture depends on the relative profits of agriculture versus wood­
lands. However, we do not possess direct measures of growth of profits for agri­
culture and woodland, so in actual estimation we use proxies that are expected 
to affect those key variables. First, we assume that the profitability of farming 
per unit of land in the base period is positively and closely correlated with yield 
of maize, which was estimated to occupy more than 72 percent of smallholder 
cultivated area (in pure stands and mixes) in Malawi in 1980 (Malawi Govern­
ment 1984).7 Second, we assume that the net benefit from woodland in the base 
period can be captured by the woodland tree cover density at the time. Third, 
we assume that growth in agricultural profit and growth in woodland profit are 

7. Prices of maize and other crops were virtually uniform throughout Malawi because of a 
monopoly parastatal operating until recently. We do not have data on 1971 prices, but the coefficient 
of variation on 1995-96 maize prices at the sites was a paltry .08. 



Tree and Cropland Management in Malawi 153 
proportional to the rates of change in yield and tree cover, respectively. We note 
that population pressure on land may affect the growth rates of profit by chang­
ing the scarcity of foods and woodland products. 

Assuming that each household maximizes the net benefit of investment 
and that all households in the community have common expectations about the 
growth rates of profit, the aggregate area converted from woodland to agricul­
tural land at the community level is the sum of the converted areas by house­
holds. Thus, we postulate that the land conversion at the community level is af­
fected by the following set of explanatory variables: 

AX/X= F(Y0, D, XJX, Tm, NJX, GT, M, GY,GN), (2) 
where the dependent variable (AX, which is the amount of land converted to 
agriculture) is normalized by total area of community (X) to adjust for differ­
ences in the total size of communities; 7 0 and Tm denote yield and woodland 
tree cover in the initial period, respectively; and GY and GT represent their ex­
pected growth rates. While YQ, TQ, NJX, D, XAQIX, and M are either predeter­
mined or exogenous, G^ Gr and GT may be considered as endogenous vari­
ables. Since the rate of land conversion is assumed to be determined in the base 
period with the expectations of future growth rates of some key variables, the 
initial conditions play prominent roles. Factor and output prices do not appear 
in equation (1) because the price levels are assumed to be different cross-
sectionally primarily because of different transaction costs, which are captured 
by the distance variable. 

If the Boserupian hypothesis of intensification of the farming system takes 
place in response to population pressure (Boserup 1965), or if the Hayami-
Ruttan thesis of induced technological innovation takes place in response to 
changing factor scarcities (Hayami and Ruttan 1985), GY will depend on pop­
ulation density and on access to output and input markets. There are indications 
that adoption of high-yielding maize technologies had occurred in some areas 
(Smale 1995), and we may expect that the Green Revolution was particularly 
successful in land scarce areas close to urban markets. Land tenure may matter 
in the growth rate of maize yield, to the extent that yield-enhancing investment 
plays a significant role. Changes in yields in the long run may also be affected 
by changes in land use and woodland tree cover. Thus, we assume the follow­
ing functional relationship in the determination of yield growth: 

GY = GY (Y0, TA0, M, N0/X, D, XJX, E, AX/X, GT, GN), (3) 
where TA0 is tree cover on agricultural land in the initial period and E is a vec­
tor of exogenous environmental factors, such as rainfall, which would affect 
yield growth. 

Woodland management may depend on the homogeneity of community 
members, since this affects the cost of organizing community actions and en­
forcing agreements (Clarke, Cavendish, and Coote 1996; Matose and Wily 
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1996), and on the prevailing land tenure, as this affects the extent of myopic be­
havior. Aside from the cost of mobilizing collective action, the rate of resource 
extraction will depend on the demand for woodland resources, which is affected 
by population density and access to markets, and the supply, which is governed 
by the initial endowment of woodland and the regeneration capacity of wood­
land. It is also important to note that the Malawi government has attempted to 
promote tree cover by designating VFAs and by implementing tree-planting 
projects. Finally, pressure on woodland tree cover depends on profits from agri­
culture that are affected by land use change and the growth of yield. These con­
siderations lead to the formulation of the following functional relationship: 

GT = GT (Y0, Tm, M, NJX, D, XJX, H, A, GP, AX/X, Gr G„), (4) 
where / / represents the degree of homogeneity of community members, which 
may be measured by the proportion of the major ethnic group and the propor­
tion of cattle-owning households using woodland for grazing; A represents an 
ability for woodland regeneration, measured by the prevalence of tree species 
with good coppicing ability; and GP corresponds to government policies, such 
as area under managed VFAs and implementation of tree-planting projects. In 
the estimation, we use changes in proportion of land under tree canopy cover 
for GT. 
Description of Natural Resource Management Indicators 
For each enumeration area, aerial photographs were obtained for 1971-73 and 
1995. The 1970s aerial photos are from a countrywide coverage. Both sets are 
at a scale of 1:25,000, which greatly facilitated the land use and tree cover in­
terpretation and comparison. The minimum mapping unit (that is, area that can 
be effectively differentiated and given a unique land use or tree cover data 
point) is about 1 hectare. 

Interpreters differentiated broad land use into agriculture, wetland, grass­
land, forests, plantations, woodlands, woody regrowth (that is, bushland), rocky 
areas, marshes, built-up areas, and surface water. Within agriculture, there were 
several subcategories, including upland rainfed, irrigated, and wetland cultiva­
tion. Within upland agriculture (which constitutes 99 percent of all sampled 
agricultural land), further differentiation was made according to tree cover with 
separate classes identified for under 2 percent cover, 2—5 percent cover, 5—10 
percent cover, 10—20 percent cover, and 20-40 percent cover. Forests were dif­
ferentiated in terms of normally stocked (averaging 80-100 percent) and de­
pleted forest (averaging 50-60 percent). Woodlands and bushland (regrowth) 
were each differentiated into four tree cover classes: 2—20 percent, 20-40 per­
cent, 40 -60 percent, and 60—80 percent cover. Other land use categories were 
largely devoid of trees by definition.8 

8. If there was significant tree cover, then the area would have been reclassified (for exam­
ple, from grassland to woodland). 
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TABLE 5.1 Land use and land use change across study sites, 1972 and 1995 
Average Average Most Most 

Share Share Positive Negative 
across across Share Absolute Absolute 

Land Use Sites in Sites in Change Change Change 
Category 1972 1995 Interval* in Share in Share 
Agriculture .515 .677 -.02 to .41 .73 -.32 
Woodland and 

bushland .330 .185 -.38 to .00 .10 -.66 
Forest and 

plantations .013 .002 .00 to .00 .07 -.63 
Other .142 .136 -.12 to .08 .35 -.18 
SOURCE: Extensive survey. 
"The interval that includes 80 percent of sites. 

Table 5.1 displays some statistics on broad land use categories in the 1970s 
and in the 1990s using simple averages across the 57 enumeration areas.9 Agri­
culture had the largest share of the enumerated land area in both years, averag­
ing .515 in 1972 and .677 in 1995.1 0 Roughly 20 percent of enumeration areas 
had an agricultural land share of more than .80 in 1972, but as many as 48.0 
percent achieved the same proportion by 1995. Despite this, a few enumeration 
areas from the north of Malawi maintained relatively little agricultural activity 
during the period, and 10 of the 57 enumeration areas did not show any increase 
in aggregate agricultural land area over the study period. The change in share 
of agricultural land per enumeration area ranged from - . 32 to +.73 across the 
study sites. 

Most of the increase in land under agriculture was accommodated by a re­
duction in woodland and bushland. This broad category of land use had a mean 
share land area of .33 in 1972, which dwindled t o . 19 in 1995. About one-fourth 
of all enumeration areas had less than a .10 share of woodland in 1972, but the 
percentage of enumeration areas in the same category jumped to 60.0 percent 
by 1995. Nonetheless, about one-fifth of all enumeration areas retained a wood­
land area constituting at least a .40 share of land area in 1995 (mainly areas in 
the north). There were very few natural forests or plantations in the study sites. 
The number of enumeration areas with at least 1.0 percent forest cover was only 
five in both 1972 and 1995, and the share of land in this category remained 

9. It is worthy to note that the 1995 land use estimates from our enumeration areas corre­
late very closely with those from a larger study designed to be representative of Malawi (Green and 
Mkandawire 1997). 

10. Note that agriculture is a small proportion of land in the larger enumeration areas (in 
northern Malawi). Thus, the weighted share of land in agriculture is much lower, .50 in 1995, for 
example. 
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TABLE 5.2 Tree cover pattern across study sites, 1972 and 1995 
Most Most 

Average Average Positive Negative 
Broad Tree Cover Tree Cover Cover Absolute Absolute 
Land Use across Sites across Sites Change Change Change 
Category in 1972 in 1995 Interval" in Cover in Cover 
Agriculture .023 .020 -.02 to .01 .05 -.07 
Nonagriculture .243 .167 -.18 to .03 .14 -.61 
Average .173 .101 -.20 to .00 .06 -.57 
SOURCE: Extensive survey. 
"The interval that includes 80 percent of sites. 

negligible over the entire period. The "other" category remained more or less 
constant at 13.6—14.2 percent. Most of this area is composed of village settle­
ment areas, while in some, the low-lying grasslands (or dambos) are significant. 

Table 5.2 displays some summary statistics pertaining to tree canopy cover 
across the enumeration areas. In 1972, the average canopy cover was estimated 
to be 17.3 percent of total land area, but the median was much lower, at 9.0 per­
cent. More than half of the enumeration areas had a tree cover of under 10.0 
percent, and four enumeration areas were virtually devoid of tree cover (under 
1.0 percent cover). At the other extreme, about one-fourth of enumeration ar­
eas had a canopy cover of more than 30.0 percent; the highest recorded was 
61.0 percent. By 1995, tree cover had fallen to an estimated cover of 10.1 per­
cent (the median being only 3.3 percent). Some 14 enumeration areas had tree 
canopy covers of 1.0 percent or less. A nearly equal number (12), however, re­
mained with relatively high tree canopy cover of more than 20.0 percent. 

There are significant differences in tree cover according to whether the pri­
mary land use is agriculture or not. Table 5.2 shows that tree canopy cover in 
agricultural land is very low in the sites, estimated to be only around 2 percent 
in both years. This level of cover has remained constant across most enumera­
tion areas as noted by the fact that the change in absolute tree cover was be­
tween - . 02 and +.01 for 80 percent of the sites. Tree cover in nonagricultural 
areas is much higher but has shown a more marked decline. From a level of 
about 24.3 percent in 1972, tree cover in nonagricultural areas dropped to 16.7 
percent, on average, across the study sites by 1995.1 1 Some 44 sites experienced 
a decrease in nonagricultural land tree cover, while 9 showed an increase. Our 

11. Again, note that because the northern enumeration areas are larger and have a greater 
tree density, the weighted average tree cover for Malawi would be much higher than indicated by 
our simple averages across sites. 
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TABLE 5.3 Important explanatory variables for extensive study sites 
Northern North-Central Southern 

Variable Region Region Region Average 
1971 population density 

(per km2) 25.4 48.7 93.8 65.2 
Annual population growth, 

1971-95 3.91 5.24 3.44 4.K 
Percentage of plots through 

matrilocal system 13.4 33.5 68.9 46.0 
Distance to tarmac (km) 33.8 13.9 28.1 24.8 
Distance between closest 

tarmac road and a 
major city (km) 76.8 115.2 89.7 95.1 

1971 maize yield (kg/ha) 2,278 5,192 2,726 3,410 
Average percentage change 

in maize yield, 1971—95 -44.4 -65.5 -51.5 -54.5 
Average date of plot 

acquisition 1984 1984 1981 1982 
Percentage of households 

with cattle in 1971 11.3 13.2 9.9 11.3 
Percentage of households 

using fertilizer in 1971 30.0 35.5 24.9 29.3 
Average distance to 

plots (km) 1.3 1.1 1.1 1.1 
Average annual 

rainfall (mm) 1,004 867 907 915 

data do not seem to support the contention of Hyde and Seve (1993: 286) that 
"the level of deforestation still exceeds the level of reforestation, but the rate of 
reforestation is rapid." 

Data on average yields of important crops in 1971 and 1996 were collected 
through group interviews. Maize is the most important crop grown by small­
holders in Malawi, and we received data on maize yields for 52 of 57 sites.12 
Reported yields for 1996 are considered to be fairly accurate, but those for some 
25 years back are less so, as this stretches recall capabilities of respondents. 
Nonetheless, we feel that the relative changes in yields across sites are not sys­
tematically biased in any significant way and therefore provide at the minimum 
a useful ordinal ranking (see Table 5.3). The mean maize yield in 1996 was 1.1 
tons per hectare, and only seven sites reported means of above 2 tons per hectare 
(this is a typical yield for unfertilized maize in a normal rainfall year). All but 

12. Maize yield estimates were not obtained for five enumeration areas. For these, averages 
calculated from nearby enumeration areas were used. 
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three enumeration areas saw maize yields decline over the study period. In 
many cases the declines were substantial, and the mean decline in yield was 
54.5 percent. The agricultural development strategy based on large-scale estate 
agriculture appears to have neglected significantly the development of small­
holder agriculture (Kydd and Christiansen 1982; Kydd 1989; Dickerman and 
Bloch 1991; Sahn and Arulpragasam 1991a, 1991b). 

Data for the explanatory variables in our model come mainly from group 
and household surveys conducted in each of the enumeration areas. Our field 
surveys consisted of interviews with a group of well-informed elders and local 
leaders at each site combined with surveys of 10 randomly selected households 
in each site. Secondary data sources were used for information on population, 
climate, and soils. 

Table 5.3 displays information on many of the factors hypothesized to lead 
to changes in the management of natural resources. They are presented as av­
erages by three zones. The north includes the 12 sites from Mzuzu ADD. This 
zone is distinguished by its relatively low population density and predominance 
of patrilineal ethnic groups, as can be seen from the low percentage of plots ac­
quired under the matrilocal system. The north-central region includes sites in 
Kasungu and Salima ADDs and are grouped together because these two areas 
have witnessed the greatest expansion of the estate sector and associated pop­
ulation increase through migration (Christiansen 1984). The south is generally 
more heavily populated by matrilineal groups. 

Table 5.3 confirms that our regional groupings are quite important. Popu­
lation density in 1971 ranges from 25.4 per square kilometer in the north to 93.8 
in the south. Growth of population is found to be significantly higher in the fron­
tier zone, where estates had been formed and many families resettled. The 
higher growth rates of population are also reflected in the average date of ac­
quisition of land plots, which is about three years earlier in the more populated 
southern region.13 

The prevalence of matrilocal inheritance systems is strongest in the ma­
trilineal south, weakest in the patrilineal north, and moderate in the transitional 
north-central zone. Overall, about half of all plots were acquired through the 
wife's family. Figure 5.2 shows that the percentage of plots acquired through vil­
lage headmen has declined over time, as more land has come under direct con­
trol of households. There has been a steady, though not large, increase in the im­
portance of the husband's family in providing land to new couples. While the 
importance of the wife's family increased during the 1970s and 1980s (as land 
held by village headmen disappeared), it experienced a slight decline in the 
1990s. In our sample, 22.8 percent of sites reported that the Tumbuka or Ngoni, 
patrilineal groups, were the most prevalent groups. The Chewa, a matrilineal 

13. Population growth and density were based on 1977 and 1991 figures, the two most ap­
propriate census years. The values were used to extrapolate forward or backward to 1971 and 1995. 
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FIGURE 5.2 Proportion of land acquisition by source in central and southern Malawi 
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group, was clearly the most commonly found group; it was the most prevalent 
in 47.4 percent of enumeration areas. The remaining 29.8 percent of sites re­
ported other traditionally matrilineal groups as the most common. 

Two location factors were measured to approximate access to markets and 
off-farm employment opportunities: distance to a tarmac road and distance 
from the tarmac road to a major city (Mzuzu, Lilongwe, or Blantyre). There 
was significant variation in the responses for both. The mean distance to tarmac 
was 24.8 kilometers; this was notably higher (33.8) in the north and less in the 
north-central region (13.9). The latter is explained by the fact that a major tar­
mac route forms a loop through the north-central region. Mean distance be­
tween the closest tarmac road and a major city was much longer, 95.1 kilome­
ters, and was similarly high in all regions. 

Cattle holding is not as common in Malawi as it is in some other countries, 
as shown by the relatively low percentage of households with cattle in 1971 
(11.3 percent). Few cows are milked, and cattle raising is a means of saving in 
Malawi (Blanc et al. 1996). The percentage has more or less stayed the same 
over time, and herd sizes are not large, either. Goats are more prevalent, with 
about one-third of households reporting to have at least one goat in 1996. The 
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proportion of households using chemical fertilizer in the early 1970s was fairly 
similar across regions, ranging from 24.9 to 35.5 percent. Following liberal­
ization of fertilizer marketing and pricing, this has dropped off considerably in 
1995—96 in our study sites, but other reports indicate that fertilizer use remained 
quite high through the early 1990s (Smale 1995). 

Three variables were obtained that are directly related to tree cover and its 
change. Information on external tree-planting projects was obtained including 
the approximate number of trees planted. The average across all sites was about 
630 trees, but the average across the 13 sites that had projects was 2,762. Just 
over one-third of sites reported to have had VFAs in the early 1970s. These may 
not have actually corresponded to the VFAs as laid forth in the Forest Act in 
Malawi, but they nonetheless represent areas identified by respondents as dif­
ferent from ordinary miombo woodlands and managed, at least during some pe­
riod, by the community. For those sites with such areas, about 40 percent of the 
area on average was under such schemes. The final variable was the coppicing 
ability (or ability to regrow after cutting) of trees, which is defined as the per­
centage of all trees on the landscape in 1971 having a high coppicing ability 
(calculated by weighting and scaling up from individual species). The average 
for the entire sample was 25.4 percent, though 20 parishes registered a 0. 

Average annual rainfall across all sites was 915 millimeters. Rainfall was 
somewhat higher in the north (1,004 millimeters) than in other regions (867 to 
907 millimeters). Soil texture and soil type were obtained only at a large scale; 
consequently the degree of precision is relatively low. In our sample, about 63 
percent of the sites were considered to be sandy or sandy mixtures, 43 percent 
were clays or clay mixtures (there are some sandy-clays reported), and 47 per­
cent were identified as having a fine texture as opposed to coarse. Data on slopes 
are not available. In order to isolate the effects of tenure and other explanatory 
variables from their clear relationship to regional effects, we include regional 
dummy variables in the regressions. 
Econometric Analysis 

E S T I M A T I O N M E T H O D . The first equation is the explanation of the pro­
portion of plots acquired through the matrilineal-cum-matrilocal inheritance 
system. The results reported are from a two-stage least squares (2SLS) regres­
sion in which population growth is the dependent variable in the first stage. The 
model expressed in equations (2) through (4) contains three endogenous vari­
ables: land use change, woodland tree density change, and yield change. Land 
use change is reflected by the absolute change in the share of agricultural land 
in total enumeration area land. As indicated above, this change is nearly equal 
to the change (in the opposite direction) of woodland and bushland, so that the 
inclusion of one land use change in the model is sufficient. Theoretically, tree 
density change on agricultural land and nonagricultural land ought to be con­
sidered in the model. However, in practice, our data indicate very little change 



Tree and Cropland Management in Malawi 161 
in tree cover density on agricultural land; in both the early 1970s and mid-
1990s, a very low tree density is found. Because of the limited number of sam­
ple observations and the difficulties in identifying each of the equations, it was 
decided to exclude tree cover on agricultural land from the formal analysis. A 
third natural resource management variable is the change in yield. Since maize 
is the most commonly grown crop in Malawi, the change in yield of maize is 
used as the measure of yield change. 

Although there may well be unidirectional or lagged relationships, or both, 
among the variables, we cannot a priori rule out a simultaneous equations struc­
ture. Consequently, both (2SLS) and three-stage least squares (3SLS) estima­
tion procedures were used. Because the results were almost identical, only the 
two-stage least squares results, corrected for heteroskedasticity, are reported. 
In a three-equation model, especially one in which endogenous variables are 
clearly linked, satisfying the rank condition for identification can be difficult. 
Nonetheless, we feel that our choice of "identifying variables" is sound: ethnic 
group for population growth; altitude for land use change; coppicing ability of 
trees, presence of external tree-planting and management projects for tree cover 
change; and initial period use of fertilizer and average distance to plots for yield 
change. 

It will be noted in Table 5.3 that many of the explanatory variables are 
linked to region. Since we are primarily interested in the role of tenure and be­
cause the degree of matrilocal/matrilineal tenure arrangements differs across 
region, we interact this continuous variable with regional dummies in the re­
gression. 

R E S U L T S . Table 5.4 shows the results from the 2SLS regression ex­
plaining the proportion of plots acquired through the matrilineal-cum-matri­
local inheritance system. Several variables were found to be significant, and the 
/{-squared value is quite high at .52. A lower proportion, or greater tenure se­
curity (for male heads of households), is related to the Chewa ethnic group (ma­
trilineal) and traditional patrilineal groups as compared with non-Chewa ma­
trilineal groups. Contrary to our expectations, after controlling for ethnic group, 
population density was positively correlated to greater tenure insecurity. This 
implies that more transformations toward the patrilocal/patrilineal system are 
occurring in the less densely populated frontier areas in the north-central re­
gion, which happen to be dominated by the Chewa. Predicted population 
growth was, however, not related to tenure security. Displaying a weaker link 
to the transformation of tenure systems were the distance variables. As hy­
pothesized, the farther from a major city, the greater the proportion of plots 
acquired under the traditional matrilineal system. However, at the same time, 
results show that proximity to roads works in the opposite way. It is difficult to 
explain the opposing results from the distance variables. 

Turning to the natural resource management regressions, the results from 
a 2SLS model are presented in Table 5.5. The i?-squared measures in most of 
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TABLE 5.4 Determinants of proportion of plots acquired through 
matrilineal/matrilocal system: 2SLS regressions 
Variable Coefficient Estimate <-Value 
Constant -12.409 -1.14 
Chewa ethnic group -.3067** -4.12 
Patrilineal ethnic groups -.2699** -2.65 
Percentage of population in main ethnic group .0014 0.63 
Population density in 1970 .0193** 3.88 
Square of population density in 1970 -.0001** -3.28 
Log of distance to paved road -.0502 -1.76 
Log of distance to major city .0581 1.67 
Share of agricultural land in 1970 .0641 0.31 
Average date of acquisition of plots .0061 1.12 
Population growth3 .0220 0.88 
i?-squared value .52 
"Fitted values from first-stage instrumental variable regression used. 
**.01 level 

the equations were very encouraging, ranging from .29 to .74. We review these 
results in separate subsections. 

Change in Nonagricultural Land Tree Density: The change in woodland 
tree density is found to be related to tenure, but not in the consistent manner hy­
pothesized earlier. In the northern region, more matrilineal-cum-matrilocal sys­
tems led to faster decline in tree cover. Although this was the expected result, 
similar relationships did not occur in the remaining two regions. This may 
reflect the tenure security effect as postulated or could also measure the effect 
associated with the influx of migrant groups into a relatively wooded area (that 
is, the matrilineal groups moving into the patrilineal north). These types of 
households may well have different long-term strategies than indigenes and 
make the creation and enforcement of conservation rules more difficult. 

We found that tree cover change was higher (mainly smaller decreases) 
where VFAs occupied a larger share of the area. This was the expected result, 
as VFAs were identified by respondents as specially managed areas, imple­
mented with the assistance of the Forest Department. The change in tree den­
sity was strongly and negatively related to the initial period tree density level, 
suggesting that change is more rapid the lower the scarcity value of the re­
source. Tree cover loss was found to be more severe in areas farther from ma­
jor cities. This is contrary to expectations but may simply mean that woodlands 
nearer to cities were cleared prior to 1970 (this would be expected under vir­
tual open-access conditions). Tree cover loss was also greater where yield 
change was higher (that is, less negative). This is not self-evident, but it may 
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TABLE 5.5 Determinants of tree cover change, yield change, and land use change: 
2SLS regressions 

Change in 
Share of 

Tree Cover Yield Agricultural 
Variable Change Change Land 
Constant .486 2.860** -1.168** 

(1.63) (2.92) (-2.00) 
North-central zone -.453** .276 -.115 

(-3.03) (1.08) (-0.46) 
Southern zone -.580** -.399 -.489 

(-2.94) (-0.49) (-1.62) 
Percentage of population of main .0005 

ethnic group (0.97) 
1970 population density .001 -.009 .016** 

(0.31) (-0.69) (2.11) 
1970 population density squared -.00001 .00005 -.00008* 

(-0.34) (0.67) (-1.77) 
Log of distance to tarmac -.0008 .022 -.026 

(-0.06) (0.64) (-0.92) 
Log of distance from tarmac to - .041** -.173** .008 

major city (-2.00) (-2.73) (0.24) 
1970 log of yield -.300** 

(-4.07) 
.115 

(1.60) 
1970 share of land in agriculture -.124 -.040 -.504 

(-0.89) (-0.10) (-1.54) 
1970 woodland tree cover -.800** 

(-4.31) 
1970 census area tree cover -.209 

(-0.32) 
Proportion of trees that coppice well .047 

(1.21) 
1970 percentage of Village Forest .002** 

Area to total area (2.33) 
Log of trees planted by external .003 

projects (0.48) 
1970 percentage of households .001 .002 .003 

with cattle (1.19) (0.69) (1.45) 
1970 percentage of households using -.00071 

fertilizer (-0.54) 
Average annual rainfall -.0002 

(-1.24) 
Mean altitude .0001 

(1.00) 
(continued) 
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TABLE 5.5 Continued 

Variable 
Tree Cover 

Change 
Yield 

Change 

Change in 
Share of 

Agricultural 
Land 

Average distance to plots -.007 
(-0.11) 

Whether sandy soils prevail - .143* 
(-1.85) 

1970 agricultural land tree cover 2.704 
(0.63) 

Percentage of plots acquired by _ 9 i 3 * * -.486 -.865 
women in northern zone (-2.05) (-0.40) (-0.91) 

Percentage of plots acquired by .054 -.395 -.506 
women in north-central zone (0.30) (-0.65) (-1.34) 

Percentage of plots acquired by .209 .754 .226 
women in southern zone (1.04) (0.91) (0.83) 

Population growth" .012 .035 .056 
(0.44) (0.59) (1.27) 

Change in woodland tree cover1 .420 -.788* 
(0.88) (-1.71) 

Change in yield3 -.133** .092 
(-2.26) (0.64) 

Change in share of agricultural land3 -.155 -.027 
(-1.21) (-0.06) 

i?-squared .74 .42 .29 
NOTE: Figures in parentheses are /-values. 
"Fitted values from first-stage instrumental variable regression used. 
*.05 level 
**.01 level 

be that yield losses are not as great in areas where tobacco is more prevalent 
(from the impacts of greater income generation or fertilizer use), in which case 
we would expect greater removal of trees for tobacco drying. Finally, tree cover 
change is related to region. There has been greater tree density loss in the north-
central region, characterized by estate development and high wood demands 
for tobacco drying and curing, and in the southern region, where demand for 
wood for fuel and shelter by a sweltering population is acute. 

Change in Crop Yields: The strongest relationship appears to be the ini­
tial period yield, which shows a negative relationship. This may simply reflect 
the fact that respondents were much more aware of current day yields (which 
were relatively similar across enumeration areas) than they were of past yields 
(which varied much more). Yield decline was steeper the farther away from a 
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major city. The latter result may capture the higher ratio of input costs to out­
put prices leading to lower use of inorganic nutrient inputs in areas far away 
from major cities, especially in recent years where liberalization has led to 
significant reductions in fertilizer use. The rate of yield decline was less in ar­
eas of better soils (that is, where sandy soils were not prevalent), which is the 
expected result. 

Change in Share of Agricultural Land: Population density has the ex­
pected positive effect on the rate of conversion of woodlands to agricultural 
land. The negative sign on the squared term indicates that this positive effect 
declines with population density and is maximized at a population density of 
114 per square kilometer (exceeded by 19 percent of sites). Population growth 
was, however, not significantly related to conversion. Land use change was 
not related to the tenure variables, which may highlight the general charac­
terization of woodland management as being open-access for community 
members. 

Only one other variable was significant in the regression. Greater conver­
sion to agriculture is associated with faster loss of nonagricultural tree cover. 
This would be anticipated if the resulting loss in tree cover lowered profits of 
woodlands relative to profits from conversion to agriculture. Surprisingly, land 
use change was not significantly related to initial share of agricultural land, 
though its coefficient estimate is rather high. This may be due to confounding 
effects between the initial share and population growth. 
Summary and Conclusions for Extensive Study 
First of all, it should be made clear that it is difficult to generalize our findings 
for all of Malawi, because of the considerable variation from north to south. In 
our discussions that follow, we have in mind the situation facing the central and 
southern regions, which are home to the majority of the population and which 
are facing more critical natural resource management choices. The north, with 
its relatively low population density, cannot be lumped in with the others in the 
following discussion, although it may face similar issues in the near future. 

We found several trends in natural resource management that portend hard 
times ahead for rural households in Malawi. First, we found that in nearly all 
sites, yields of maize, the staple food crop, were perceived by respondents to 
have declined over the past 25 years. Second, although families and communi­
ties have hitherto been able to compensate for this by expanding agricultural 
areas, new uncultivated areas are becoming scant. In nine enumeration areas 
land once under woodlands has completely disappeared, and in most others the 
area under woodlands has decreased markedly. This supports the hypothesis 
that woodland has been excessively converted to farmland. Third, the conver­
sion of land has had a dramatic and negative impact on aggregate tree density, 
since tree cover is many times greater on nonagricultural land than on agricul­
tural land (16.7 compared with 2.0 percent in 1995). At the same time, we found 
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little evidence of significant tree planting, though in some of the sites, tree den­
sity on agricultural land inched upward. Fifth, exacerbating the effect of land 
conversion on tree cover is the decrease in tree density on remaining woodlands 
(by about 33 percent). 

In sum, the increasing scarcity of woodlands and their products has not 
yet manifested itself in sufficiently attractive incentives for their sustainable 
management. Given the high degree of poverty among rural households and 
the poor remuneration from maize production, it is unlikely that high profits 
from agricultural production have driven the conversion process. Instead, one 
must look at weaknesses in the management of woodlands themselves as con­
tributing toward the seemingly low valuation attributed to their preservation 
and management. 

It is difficult to assess the degree to which this apparent natural resource 
degradation is undesirable. However, considering the lack of woodland re­
source management and slight acceleration of degradation in areas where 
mixed tenure systems are operating, the pace of natural resource degradation 
almost certainly exceeds the socially optimal level. The rather likely possibil­
ity that resources have been degraded beyond the optimal rate implores us to 
ponder, in the policy implications section at the end of this chapter, how these 
trends can be reversed. 

Intensive Study 

Major Hypotheses for Intensive Study 
Given the rise in importance of the hybrid maize/fertilizer package among 
smallholders (Smale 1995), it may not appear that tenure played a significant 
role in the choice of new technology. This is to be expected if investments and 
payoffs are of relatively short duration, and such findings have been observed 
elsewhere in Africa for crop production systems (Place and Hazell 1993). It is 
important to recognize that tenure security is expected to have an impact on 
longer-term investments as it affects the expected future benefits. Important ex­
amples are semifixed investments in trees and terracing. Adoption of tobacco 
growing might also require longer-term investment, partly because farmers nor­
mally have to join tobacco clubs for input and output market access, which re­
quires investments in developing personal relationships and in a deposit to be 
used as security for loans. Since tobacco is entirely new to many farmers,14 pay­
offs to tobacco growing are likely to follow a learning curve, a part of which 
involves learning appropriate rotational practices within their farms. Farmers 
who are unsure of their long-term residence in the village or security on the land 
may be less willing to adopt this crop. 

14. An exception would be farmers who worked on tobacco estates. 
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As noted earlier, many farmers in our sample have opted to obtain leases 

on their parcels, thereby effecting a tenure conversion to the estate sector. 
Leases were obligatory for those wishing to grow tobacco before the 1990s. This 
is no longer the case, but some farmers find leases to be beneficial by providing 
some security for input credit and perhaps also to individualize the land rights 
(often in the name of the male head). Other than the time involved in obtaining 
the lease and the small annual fee required, a farmer must also obtain the ap­
proval of his or her village headman. The latter obligation has not proved to be 
difficult, at least in the case of Kasungu ADD. For the most part, the acquisition 
of leasehold will reflect determinants on the demand side, with the exception of 
rules governing minimum size of leasehold of 10 hectares.15 Leasehold land, 
though there are conditions on its use and transfer, is similar to private land, and 
it is of great interest to analyze whether the farming performance under this in­
stitution outweighs that under the customary tenure institutions. 

More formally, we intend to test the following hypotheses concerning the 
role of tenure security on agricultural investment and productivity: 

Hypothesis 1: Greater tenure security, as measured by security of land-
holding for the male head of household, will lead to more rapid and expansive 
adoption of tobacco farming. 

Hypothesis 2: Greater tenure security will lead to increased investment in 
land improvements. 

Hypothesis 3: Greater tenure security will not lead to greater efficiency in 
crop production, except where long-term investments for enhancing produc­
tivity are available. 

Unlike western Ghana and Sumatra, where the payoffs for investment in 
the establishment of agroforestry are high, lucrative investment opportunities 
are generally limited in Malawi. Moreover, investment in trees or other land 
improvements do not appear to be able to reduce the risks of losing rights to 
residence and land that males face in their wives ' villages due to traditional 
rules regarding rights of husbands during probationary periods and following 
death of or divorce from their wives. Under such conditions, it is the level of 
tenure security rather than its expected change that affects investment deci­
sions, as specified in hypotheses 1 and 2. 

We may be tempted to hypothesize that because of the possibility of us­
ing land as collateral and the strong tenure security, the lease system leads to 
higher productivity and stronger incentives to invest than the customary land 
tenure institutions, as is forcefully shown by Feder et al. (1988) in Thailand. 
Considering, however, that tenure security is fairly well established under the 

15. However, there are many leases held by farms smaller than 10 hectares in our sample. 
This means that the rule is not rigorously enforced, whether through accepting applications from 
smaller farms or through lack of size verification. 
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patrilineal system and that formal sector credit is not so important in Malawi, 
whether such a hypothesis holds is an empirical question. 

Data Collection Methods 
Much of the analysis in this chapter draws on data collected from a formal sur­
vey instrument. Each household was visited at least three times in order to reduce 
errors of reporting due to recall lapses. This was extremely important in that the 
survey sought to collect information on labor allocation and farm production. The 
information collected on labor captured, for one wet season month and one dry 
season month, the labor hours for all activities undertaken by the husband, the 
wife, the children, and others. For the largest maize and tobacco fields, informa­
tion was collected on all labor time by task and type of laborer. Other inputs used 
on these fields, along with production figures, were also collected. A host of other 
variables were collected including basic farm and household characteristics, land 
acquisition, land rights, land use, and land improvements at the parcel level, as 
well as a detailed section on existing stocks of trees and planting behavior. 
Household and Farm Characteristics 
In order to understand the tenure security of households in Malawi with respect 
to their land, two variables are particularly important: the residency status of 
the household and the manner in which their land was acquired. For residency 
status, households could be residing in the husband's village, the wife's village, 
or a village where neither was born. Our sample is split equally among these 
three types (about 33.0 percent to each). For methods of land acquisition, we 
have information on both the type of transaction and the source of transaction 
(see Table 5.6). There was only one purchase of land reported among 187 land 
parcel acquisitions. The most common land acquisition modes were inheritance 
(36.9 percent), gift from relatives (32.1 percent), and allocation by village head­
men (26.7 percent). These methods are common throughout Malawi, with the 
exception that in the southern regions, for some time little land has remained to 
be allocated by village headmen. Among these acquisitions was a range of 
sources. The most common source was the parents of the husband (35.3 per­
cent), followed by the village headman (27.3 percent) and the wife's parents 
(15.0 percent). Other relatives accounted for a further 18.2 percent, while only 
a few transactions occurred among neighbors and friends (4.3 percent). 

Based on resident status of the household and source of land acquisition, 
five distinct modes of land acquisition were created. Although these are defined 
at the parcel level, they also aggregate up to the household level as all but three 
households acquired all their land through the same method. 

1. Matrilocal/matrilineal: Husband lives in wife's village, and the household 
acquired land from wife's relatives or the headman in her village. 
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2. Patrilocal/matrilineal: Wife lives in husband's village, and the household 

acquired land from wife's relatives. 
3. Immigrants/village headman: Husband and wife live in new village and 

acquired land from village headman. 
4. Matrilocal/patrilineal: Husband lives in wife's village, and the household 

acquired land from husband's relatives. 
5. Patrilocal/patrilineal: Wife lives in husband's village, and the household 

acquired land from husband's relatives. 

Table 5.6 shows that 37.4 percent of sampled parcels fall into the patrilocal/ 
patrilineal category, which is expected to provide the strongest tenure security 
among the customary land tenure institutions. The matrilocal/patrilineal cate­
gory (4) would seem to offer less, though relatively strong, security of tenure 
to males. Just over 17 percent of parcels are of this type. The patrilocal/ 
matrilineal category (2) would seemingly offer less security because land passes 
through the wife. Some 15 percent of parcels have been identified as belonging 
to this group. The lowest security position for a male is the matrilocal/ 
matrilineal category, in which he is a guest in his wife's village and farming on 
land acquired from her relatives (category 1). Nearly 20 percent of parcels fall 

TABLE 5.6 Mode of acquisition of parcels and tenure security 
Percentage of Parcels 

Category (n=187) 
How parcel acquired 

Inherited 36.9 
Purchased 0.5 
Gift 32.1 
Allocated 26.7 
Rented/borrowed 3.7 

From whom parcel acquired 
Wife's parents 15.0 
Other relatives of wife 7.0 
Husband's parents 35.3 
Other relatives of husband 11.2 
Village headman 27.3 
Others 4.3 

Tenure security groups 
Matrilocal/matrilineal 19.3 
Patrilocal/matrilineal 15.0 
Immigrant/village headmen 11.2 
Matrilocal/patrilineal 17.1 
Patrilocal/patrilineal 37.4 

SOURCE: Intensive study. 
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TABLE 5.7 Descriptive statistics for regression analysis 
Matrilocal/ Patrilocal/ 
Matrilineal Patrilineal Full 
Households Households Sample 

Number of households 28 53 138 
Number of parcels 36 70 187 
Female household head (percentage) 10.7 0.0 2.9 
Age of household head (mean) 40.7 38.6 40.6 
Years farming in village (mean) 8.8 12.2 11.5 
Some off-farm income (percentage) 46.4 37.7 35.7 
Farm size (mean, ha) 1.7 5.6 5.0 
Adult equivalents (mean) 2.4 2.9 2.7 
Has lease (percentage of parcels) 36.1 51.4 47.6 
No right to give land away (percentage 

of parcels) 33.3 7.1 15.5 
No right to select heir for land (percentage 

of parcels) 33.3 11.4 16.6 
Distance to tarmac road (mean, km) 13.5 13.5 13.1 
Distance to nearest market (mean, km) 8.6 6.3 7.1 
SOURCE: Intensive survey. 

into this category. A final category, immigrant/village headman, is difficult to 
rank in terms of tenure security, though its security is clearly less than that of 
patrilocal/patrilineal. This category contains the fewest number of parcels of 
any of the tenure security groups (11.2 percent). 

Table 5.7 displays some of the general characteristics of sampled house­
holds in aggregate and for the hypothesized least and most secure categories. 
There are few reported female-headed households, and the majority are found 
among the matrilocal/matrilineal households. The mean age of the household 
head was 40.6 and was slightly higher among matrilocal/matrilineal households 
than for patrilocal/patrilineal households. But this is reversed for the number of 
years of farming in the village where the patrilocal/patrilineal households have 
tended to farm for longer. The finding of shorter periods of farming in wives ' 
villages supports the observations by Mkandawire (1983—84) that males often 
seek to leave their wives ' villages in favor of land in their own village when 
possible. About 36 percent of the households reported some off-farm employ­
ment mainly involving agricultural labor or trade. There is no significant dif­
ference in off-farm employment between matrilocal/matrilineal and patrilocal/ 
patrilineal households. 

Average farm size is 5 hectares, at least twice as large as the farms farther 
south, where population pressure is acute. For this variable, there is quite a 
significant difference across mode of land acquisition. By far, the smallest farms 
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are reported in the matrilocal/matrilineal group, where the average is only 1.7 
hectares. Surprisingly, these farms are operated by approximately the same 
number of family workers as those in other modes of land acquisition. The rel­
atively small farms in the matrilocal/ matrilineal system might reflect demands 
for land from a larger number of competing heirs than under the patrilineal sys­
tem, which has a clearly defined set of heirs (that is, limited to sons). Just under 
half of the parcels sampled had been converted to leaseholds. In the sample, 
households with leases had farms averaging nearly 8 hectares in size, compared 
with about 2.5 hectares for those without leases. The matrilocal/matrilineal 
group was least likely to obtain a leasehold, this being most likely related to the 
rather small farm sizes and difficulty in establishing individual rights. 

No household claims the right to sell land, but there are varying degrees 
in the ability to exercise other types of rights, for example, rights to give land 
and to choose an heir freely. Patrilocal/patrilineal households (Table 5.7) claim 
more individualized rights. While matrilocal/matrilineal households responded 
that they had no right to give their land away for one-third of their parcels, 
patrilocal/patrilineal households mentioned this in only 7.1 percent of cases. 
Households were located, on average, 13.1 kilometers from a tarmac road, and 
this was consistent across the modes of land acquisition. Major markets were 
located about half this distance, 7.1 kilometers on average, and the distance re­
ported by matrilocal/matrilineal households was slightly above the average. 
Agricultural Investment and Production Variables 
The uptake and expansion of tobacco growing by smallholder farmers in 
Malawi represent the most important recent change in Malawian agriculture. 
We consider the growing of tobacco an investment by farmers for several rea­
sons. First, for those unfamiliar with the crop, agronomic and economic suc­
cess will follow a learning curve path whereby farmers require some time to 
optimize the production of tobacco within their farm fields. Second, there are 
institutional linkages to be developed for the procurement of inputs and for the 
marketing of outputs. Third, where tree resources are limited, there is the added 
investment in constructing drying sheds and in some cases planting trees for 
this purpose. Table 5.8 shows that the average farmer in the sample had been 
growing tobacco for 9.9 years and now devotes 29.5 percent of his or her farm 
area to tobacco production. Patrilocal/patrilineal households began growing to­
bacco much earlier and now cultivate it on a larger scale than do matrilocal/ 
matrilineal households. 

In addition to the investment in tobacco, Malawian farmers practice sev­
eral other types of investments to support the production of both maize and to­
bacco. Data were collected on the prevalence of different types of investments 
on 455 fields operated by sampled households. At this observational level, the 
frequency of almost all investments is low. Thus we present here the prevalence 
of investments at the household level. The incidence of investment displayed 
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TABLE 5.8 Descriptive statistics: Dependent variables for intensive survey study 
Matrilocal/ Patrilocal/ 
Matrilineal Patrilineal Full 
Households Households Sample 

Years farming tobacco 5.1 13.0 9.9 
Proportion of area under tobacco 25.4 33.1 29.5 
Percentage of households planting trees 50.0 77.4 65.9 
Percentage of households destumping 31.0 48.1 39.1 
Percentage of households terracing 

or leveling 58.6 63.0 60.9 
Percentage of households investing in 

water management 13.8 24.1 21.0 

in Table 5.8 in terms of percentages of households undertaking various invest­
ments shows considerable variation across the modes of land acquisition. Tree 
planting was practiced by nearly two-thirds of all sampled households. Most 
of the trees were planted for poles that are used in the tobacco-drying process, 
indicating that tree planting is affected by indirect market incentives noted 
also in Dewees (1995). The likelihood of planting was much greater among 
patrilocal/patrilineal households than for their matrilocal/matrilineal counter­
parts. Leveling and terracing are also common improvements made (60.9 per­
cent of households), followed by destumping (39.1 percent) and water man­
agement such as drainage (21.0 percent). These types of investments follow the 
same pattern of increased likelihood in patrilocal/patrilineal households, with 
the widest difference in destumping. 

Production input and output data were collected on the largest maize and 
tobacco fields for each household.16 In total, there were 117 burley tobacco 
plots for which information was recorded, 68 hybrid maize fields, and 58 local 
maize fields. Profits were calculated as the value of output less purchased input 
costs, less hired labor, and less the imputed value of all adult labor (using mar­
ket wages) from the household. Profit thus calculated is supposed to capture the 
returns to land, management input, and superior work effort. By crop, Table 5.9 
clearly shows that tobacco is much more profitable than maize, with average 
profits nearly 10 times as high (see also Zeller, Diagne, and Kisyombe 1997). 
At the same time, to attain these high levels, tobacco requires more labor and 
purchased inputs. Access to these inputs as well as the need to rotate tobacco 
within the farm help to explain why only minor proportions of total farm area 
are taken up by tobacco. In our sample, hybrid maize was not attractive com­
pared with local maize. Yields were not much higher, perhaps reflecting the 

16. We chose the largest fields to minimize recall errors. 
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TABLE 5.9 Descriptive statistics: Crop production data for intensive survey study 
Local Hybrid Burley 

Variable Maize Maize Tobacco 
Number of observations 58 68 117 
Husband's hours per hectare 266.4 321.7 457.8 
Wife's hours per hectare 271.6 350.8 473.3 
Hired hours per hectare 74.4 51.3 79.5 
Purchased inputs per hectare (Malawi kwacha) 304.7 570.8 1,531.6 
Nitrogen applied per hectare (median kg) 3.3 6.5 40.9 
Profits per hectare (Malawi kwacha) 

Full sample 795.3 620.7 6,241.7 
Matrilocal/matrilineal 666.9 477.4 4,724.6 
Patrilocal/patrilineal 859.7 410.1 6,722.1 

very low use of fertilizer inputs (median of about 6 kilograms of nitrogen per 
hectare), and there were some additional costs for labor and seed. Table 5.9 also 
shows that average profits per hectare for tobacco were lower in matrilocal/ 
matrilineal households (4,724.6 Malawi kwacha [MK], where $1 = 16 MK) 
than in patrilocal/patrilineal households (6,722.1) and again for local maize. 
However, neither difference was statistically significant at the 5 percent level. 
Econometric Models 
We use several independent regression models to test the hypotheses outlined 
earlier. Before testing them, we investigate the factors determining the acqui­
sition of a leasehold in a parcel-level logit regression model. The actual and pre­
dicted leasehold values are then used later as explanatory variables in analyses 
of production efficiency. The relationship between the presence of a lease and 
investments is not analyzed because of lack of information on the timing of ac­
quisition of a lease. 

A second set of regressions addresses the adoption and spread of tobacco 
growing at the household level. Two dependent variables are examined, the 
years since the farmer began growing tobacco and the proportion of the farm 
area under tobacco (calculated as an average of the proportion of area under 
tobacco during the previous three seasons). For each, a zero indicates non-
adoption, and as such tobit models are used. 

A third set of regressions concerns the incidence of four different types of 
land improvements: tree planting, destumping, terracing/leveling, and water 
management (for example, drainage). Data on these variables are in binary 
form, and as such logit models are employed. For tree planting and destump­
ing, the number of trees present at the time of land acquisition was used as an 
additional explanatory variable. We study the impact of tenure (through the 
mode of land acquisition) and other factors at the household level, as the pro-
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portion of fields improved (the unit at which land improvement data were col­
lected) is too low for almost all types of investments. 

A fourth set of regressions examines the impact of tenure security and other 
factors on profits per hectare for two crops, maize and burley tobacco.17 We sep­
arate tobacco from maize because a priori it is hypothesized that tenure security 
might play a more significant role in tobacco production than in maize produc­
tion, since the former requires additional investment.18 These models are run at 
a plot level using ordinary least squares (OLS) and applying a linear specification, 
since the presence of negative profit values precluded a logarithmic transforma­
tion. Prices of inputs and outputs do not enter the profit function, as they were es­
sentially constant across sampled households in the same locality. 

The final set of regressions examines the intensity of labor and cash inputs 
for maize and tobacco. The issues addressed here include the question of 
whether land tenure institutions affect allocation of factor inputs and the extent 
to which factor markets function toward the equalization of the factor intensi­
ties across farms managed by households with different factor endowments. 
The inputs examined are the intensity of the husband's labor input (for cases in 
which a husband is present), the intensity of the wife's labor (for cases in which 
a wife is present), the intensity of hired labor, and the intensity of purchased in­
puts (seed, fertilizer). As in the case of profits, OLS regression models are used. 

Tenure security is captured by the five modes of land acquisition identified 
earlier. The regression models include a set of four dummy variables with the 
matrilocal/matrilineal tenure category omitted as the base comparison case. 
Other variables used as explanatory variables include farm size, farming expe­
rience, access to markets measured by distance, family labor endowment/ 
owned land radio, and village dummies.1 9 

Econometric Results 
THE A C Q U I S I T I O N OF L E A S E H O L D . Table 5.10 presents the results 

of a logit model used to explain the acquisition of a leasehold at the parcel level. 
None of the mode of land acquisition variables is significant in comparison with 
the base case of matrilocal/matrilineal tenure, indicating that nontenure vari­
ables are more important. The number of years the household has been farm­
ing in the current village is the most highly correlated to the acquisition of a 
leasehold. This confirms the statements noted earlier that leaseholds used to be 
required for tobacco production and marketing. Two other variables, inherited 

17. Data were collected separately for local and hybrid maize. However, we found that there 
was no significant difference between the two in terms of mean yields, so we pooled them together 
for this analysis, utilizing a crop variety dummy as an explanatory variable. 

18. Pooling the crops in a model did not lead to any changes in significance among the in­
dependent variables. 

19. Family labor endowment is calculated by summing up the family members each 
weighted by his or her adult equivalent factor, which is dependent on age. 
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TABLE 5.10 Determinants of the acquisition of lease: Logit regression 
Variable Estimate /-Statistic 
Constant -2.241 -2.94 
Patrilocal/matrilineal tenure .666 1.09 
Matrilocal/patrilineal tenure -.862 -1.38 
Patrilocal/patrilineal tenure -.296 -0.57 
Immigrant/village headman tenure -.070 -0.11 
Inherited land size .060 1.65 
Primary school education .573 1.23 
Postprimary education .991* 1.95 
Polygamous household -.237 -0.48 
Years farming in village .047** 3.86 
Village 1 1.641* 2.25 
Village 2 -.253 -0.31 
Village 3 .978 1.41 
Village 4 .979 0.98 
Village 5 .713 0.90 
Village 6 .323 0.50 
Village 7 1,166 1.54 
Log likelihood 
Percentage of leased parcels correctly 

predicted 64.0 
Percentage of nonleased parcels correctly 

predicted 76.3 
*.05 level 
**.01 level 

land size and postprimary education, are positively related to the acquisition of 
a leasehold and are of the expected direction. These may be related to wealth 
levels and suggest that wealthier households self-select themselves into the 
pool of leaseholders. Last, the acquisition of a leasehold is generally unrelated 
to village location, with the exception of one case. This indicates that the ab­
sence of significant institutional incentives or disincentives (for example, pro­
hibition by some village headmen) for leasehold acquisition. 

A D O P T I O N OF T O B A C C O . Table 5.11 displays the results of regres­
sions on two dependent variables, the years farming tobacco and the proportion 
of farm area under tobacco. Patrilocal/patrilineal households are found to have 
adopted tobacco much earlier and to have allocated a higher proportion of land 
area to tobacco compared with matrilocal/matrilineal households. Matrilocal/ 
patrilineal households are likewise more likely to have adopted tobacco grow­
ing earlier on. These results confirm our hypothesis that owing to the invest­
ment and learning curve associated with tobacco growing, households that have 
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TABLE 5.11 Determinants of adoption of tobacco farming: Tobit regression 
Years Proportion of Proportion of 

Farming Area under Area under 
Variable Tobacco Tobacco Tobacco 
Constant -7.517 .229 .234 

(-2.09) (3.34) (3.38) 
Patrilocal/matrilineal tenure 3.025 .072 .077 

(1.21) (1.42) (1.49) 
Matrilocal/patrilineal tenure 5.530** .020 .031 

(2.41) (0.41) (0.57) 
Patrilocal/patrilineal tenure 8.967** .078* .099* 

(4.61) (1.90) (1.67) 
Immigrant/village headman tenure 2.850 -.002 .011 

(1.00) (-0.04) (0.17) 
Farm size .160* -.002 -.001 

(1.71) (-0.91) (-0.50) 
Age of household head .214** 

(4.35) 
Years farming in village -.0001 .0004 

(-0.06) (0.23) 
Labor/land ratio village -.010 -.007 

(-0.84) (-0.74) 
Distance to paved road .003 -.005 -.004 

(0.01) (-0.98) (0.96) 
Village 1 2.732 .110 .113 

(0.89) (1.79) (1.83) 
Village 2 -.507 .058 .058 

(-0.16) (0.93) (0.92) 
Village 3 .729 .095 .094 

(0.25) (1.61) (1.60) 
Village 4 5.659 .154 .165 

(1.35) (1.81) (1.88) 
Village 5 2.258 .123 .125 

(0.52) (1.42) (1.44) 
Village 6 2.330 .111 .088 

(0.54) (1.25) (1.27) 
Village 7 8.720* .183* .204* 

(2.35) (2.49) (2.41) 
Predicted years farming tobacco -.003 

(-0.49) 
NOTE: Figures in parentheses are r-values. 
*.05 level 
**.01 level 
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acquired land through patrilineal channels have greater incentive to adopt to­
bacco, ceteris paribus. 

Other variables related to the speed of uptake are farm size and age of 
household head. Both of these signs are of the expected positive direction. 
Farmers who had grown tobacco for eight years or more had to have larger 
farms, because of the restrictions on tobacco growing set forth by the govern­
ment. The positive result on age of household head simply reflects the fact that 
younger households could not have been growing tobacco for many years. Per­
haps surprisingly, the proportion of area under tobacco is not related to farm 
size. This shows that tobacco growing is on the whole scale neutral. 

I N V E S T M E N T IN L A N D I M P R O V E M E N T S . Table 5.12 shows the re­
sults of logit regression models for four types of investments made since land 
acquisition, tree planting, destumping investment, terracing and leveling in­
vestment, and water management investment. Among the mode of land acqui­
sition variables, most of the signs are of the hypothesized direction, and a few 
statistically significant results are obtained. Patrilocal/patrilineal households 
are more likely than matrilocal/matrilineal households to have invested in tree 
planting and destumping since acquisition of their land. Matrilocal/patrilineal 
households are also more likely to have planted trees. These results are in line 
with hypothesis 2 and suggest that patrilineal households may undertake de­
stumping and tree planting (mainly poles) as an overall strategy of increasing 
tobacco production. The other significant finding is that those households that 
were composed of immigrants and that received land from the village headman 
are more likely to have been destumped; this is not surprising because such land 
is more likely to have been uncultivated woodland. 

It is also of interest to note that none of the land tenure variables is 
significant in the terracing, leveling, and water management investment re­
gressions. Although we failed to obtain relevant information during the field 
survey, similar to the case of commercial tree planting in Ghana and Sumatra, 
investments in terracing, leveling, and water management may to some extent 
increase expected land rights, when they are originally weak. If such institu­
tional rules exist, investment incentives can be equally strong under different 
land tenure institutions, as was discussed in Chapter 1. Whether this is indeed 
the case needs to be examined by careful follow-up studies. 

Farm size is generally not important except with respect to water manage­
ment, in which case the investment is more likely to be observed on larger farms. 
The number of years farming in the village is positively linked to tree planting, 
which is expected, but surprisingly not related to other types of land improve­
ments. Also insignificant are variables reflecting relative factor endowment and 
market access. Overall, this may show that these investments are divisible and 
provide returns that are unaffected by the size of farm and household. The vil­
lage dummies are most significant for the tree planting and destumping invest­
ments, which reflects the different tree cover conditions among villages. 



TABLE 5.12 Determinants of land investments: Logit regressions 
Tree Terracing Water 

Variable Planting Destumping or Leveling Management 
Constant -1.683 .349 .881 -2.249 

(-1.76) (0.36) (0.92) (-1.93) 
Pamlocaf matrilineal tenure .920 -.019 .283 .575 

(1.25) (-0.02) (0-42) (0.71) 
Matrilocal/patrilineal tenure 1.463* -.216 .471 -.839 

(1.95) (-0.30) (0.74) (-0.97) 
Patrilocal/patrilineal tenure 1.431* 1.249* .328 -.021 

(2.30) (2.15) (0.64) (-0.03) 
Immigrant/village headman 

tenure -.133 2.101** .093 -2.047 
(-0.15) (2.61) (0.13) (-1.55) 

Farm size .022 -.046 .037 .082* 
(0.54) (-1.31) (1.17) (2.37) 

Years farming in village .070** .017 -.005 .007 
(2.61) (0.75) (-0.24) (0.28) 

Labor/land ratio .149 .071 .175 -.052 
(0.85) (0.39) (0.97) (-0.23) 

Distance to market -.040 -.013 -.035 .042 
(-0.94) (-0.30) (-0.87) (0.87) 

Village 1 1.569 -2.551** -1.483 -.441 
(1.69) (-2.72) (-1.68) (-0.33) 

Village 2 2.897* -1.370 -.847 .373 
(2.26) (-1.50) (-0.92) (0.32) 

Village 3 .611 -2.229* -.283 .632 
(0.77) (-2.59) (-0.33) (0.63) 

Village 4 1.118 .009 -.427 .036 
(0.93) (0.01) (-0.40) (0.03) 

Village 5 -.026 -2.279* -1.143 .374 
(-0.03) (-2.14) (-1.15) (0.31) 

Village 6 .924 -1.462 -1.343 -.243 
(1.22) (-1.86) (-1.68) (-0.24) 

Village 7 .406 -2.290* -.197 1.566 
(0.48) (-2.46) (-0.21) (1.46) 

Number of trees present at 
acquisition of farm -.002 

(-0.62) 
.002 

(0.48) 
Percentage of improved 

farms correctly predicted 90.1 54.7 79.8 20.7 
Percentage of unimproved 

farms correctly predicted 44.7 79.8 33.3 99.1 
NOTE: Figures in parentheses are r-values. 
*.05 level 
**.01 level 
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P R O F I T S A N D I N P U T U S E . Regression results on profits per hectare for 

tobacco and maize are shown in Table 5.13, where model 2 adds the actual pres­
ence of lease variable and model 3 adds the predicted presence of lease vari­
able. The results show that mode of land acquisition does not have a significant 
impact on plot-level profitability conditional on crop type. This supports our 
hypothesis 3, that tenure security does not affect incentives for current produc­
tion.20 The presence of a lease does have a highly positive effect on tobacco 
profits, but this effect disappears when using the predicted lease variable.21 This 
means that it is unlikely to be the presence of the lease per se but other vari­
ables related to the acquisition of the lease, such as farmer skill and wealth, that 
affected profits. This argues against the possibility that the establishment of pri­
vate ownership promotes efficient farming. Farm size is also not significant, 
which suggests that scale economies over small and medium-sized farms (as 
studied in our analysis) do not exist in tobacco and maize farming. Very few 
variables are related to profits per hectare, suggesting that there are no glaring 
impediments for farmers to attain similar levels of efficiency. The lone excep­
tion to this is that farming experience is positively related to tobacco profits, in­
dicating that there is a learning curve associated with tobacco growing arising 
from the heavy use of inputs (labor and fertilizer) and the importance of rota­
tion. There is also weak evidence that household female labor endowment is 
negatively associated with maize profits. Because labor is costed in the profit 
function, this implies that households may be overapplying female labor on 
maize fields. There is no difference in profits between hybrid and local maize, 
confirming similar findings noted by Zeller et al. (1997). 

Tables 5.14 and 5.15 show the factor intensity regressions for maize and 
tobacco, respectively. Only one specification is reported for each, correspon­
ding to model 1 in Table 5.13. For maize, it is clear that the larger endowment 
of male and female family labor relative to land resulted in the higher applica­
tion of family labor inputs without significantly reducing hired labor inputs. Al­
though this seems to indicate the existence of labor market imperfection, the 
extent of imperfection may not be too large, judging from the insignificant ef­
fect of the labor/land ratios in the profit regression. It appears that only those 
households with a relatively higher ratio of labor to land undertake significant 
husbandry practices on maize (for example, additional weeding), which 
brought about merely marginal net benefits. A higher male labor/land endow­
ment is associated with more intensive use of purchased inputs on tobacco 
fields, indicating some degree of complementarity between the two (for exam-

20. This result is compatible with findings from elsewhere in Africa (for example, Place and 
Hazell 1993). 

21. Because the predicted lease variable is based on a logit model, we used the bootstrap­
ping technique in the second stage. This procedure verified that the conclusions from Table 5.11 
remain valid. 
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pie, the extra labor required for harvesting and drying tobacco when yields are 
high). Purchased input use was higher for hybrid maize than for local maize 
(about $ 12 per hectare), but as indicated earlier, these added inputs did not gen­
erate sufficiently higher returns. We believe that this is primarily because fer­
tilizer prices were too high relative to maize prices. 

The single statistically significant result among the mode of land acquisi­
tion variables is that wives in immigrant households expended less labor per 
hectare on tobacco compared with those in matrilocal/matrilineal situations.22 
Although one may expect a high effort level from women residing in their own 
village, it is not clear why the difference is significant only in this pairwise com­
parison. Reviewing other results from the tobacco regressions, we find that the 
household endowment of labor relative to land is not related to family labor in­
tensity in contrast to the case for maize. This indicates that tobacco receives a 
priority for labor allocation within households endowed with smaller labor/land 
ratio. Farm size was not significantly related to input use, suggesting once again 
scale neutrality of efficiency in both maize and tobacco production. 
Summary and Conclusions for Intensive Study 
The dynamism of the agricultural sector as catalyzed by the removal of the re­
striction against smallholder tobacco growing has provided a very relevant test­
ing ground for the influence of tenure on farmer decisionmaking. Our site com­
prises nearly all the possible land transfer mechanisms witnessed in wider areas 
of Malawi. Our results, in principle, can be extended beyond the confines of our 
study zone. 

In terms of impacts on investment, we found that after controlling for other 
factors, farmers operating land acquired through patrilocal/patrilineal means 
compared with those acquiring land through matrilocal/matrilineal means were 
(a) adopting tobacco farming more quickly, (b) cultivating tobacco on larger ar­
eas of their farms, (c) more likely to invest in destumping, and (d) more likely to 
invest in tree planting. The results for other types of investments gave similar 
signs, but with lower statistical significance. Together, these findings support the 
hypotheses raised in this chapter and by others that the incentives for investment 
provided by the matrilocal/matrilineal tenure arrangement are weaker (for males 
who are key decisionmakers) than those in patrilineal descent systems. 

Despite differences in longer-term investments, we found no differences 
in efficiency of plot-level crop production across the different modes of land ac­
quisition. This is not surprising given that the types of land improvements that 
were affected by these arrangements may not have directly affected crop pro­
ductivity. Once adopted, both the maize and tobacco production systems appear 

22. When the predicted lease variable is included, the only change among tenure security 
variables is that the wives are found to work less on tobacco in immigrant households as compared 
with matrilocal/matrilineal households. 
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to be driven by short-term inputs yielding short-term benefits, thus implying that 
tenure will not play a major role. However, since tobacco is far more profitable 
than maize and grown more widely under the patrilineal system, it is clear that 
the average profit per farming area should be greater under this system. 

The higher profitability of tobacco production as compared with maize, the 
widespread adoption of tobacco farming by smallholders, and the lack of scale 
economies in its production imply that the state's abolition of restrictions on to­
bacco production by smallholders was justified. Furthermore, the lack of impact 
of lease on the profitability of tobacco production suggests that neither the cre­
ation of large leaseholders nor land titling will contribute to the enhancement of 
farming efficiency, not to mention their adverse impacts on social equity. 

Another important finding in this study is the lack of significant impact of 
hybrid maize on profitability, which is in sharp contrast with the expansion re­
ported by Smale (1995) and the reported success of the maize Green Revolu­
tion in neighboring countries, such as Zimbabwe (Eicher 1995). The impedi­
ment to achieving high payoff from hybrid maize is likely to be the unfavorable 
relative price of maize to fertilizer, which has dropped since the early 1990s in 
Malawi and in some other countries following liberalization of exchange mar­
kets, such as Zambia (Rusike et al. 1997). 

Policy Implications 
It will be beneficial to review briefly the major findings from the empirical re­
search in order to develop policy recommendations. At the community level, 
population density was found to have its anticipated positive effect on the con­
version of land into agriculture. However, interestingly, neither population den­
sity nor growth necessarily led to decreased yields or tree cover, implying that 
it is the quest for farm land, rather than local demand for fuelwood and other 
products, that leads to loss of tree cover. The weakening of the population ef­
fect on tree cover and yields is encouraging and suggests that, to some extent, 
some induced responses are occurring within communities. 

We found that no particular customary tenure system could be singled out 
as providing poor incentives for long-term management of land and tree re­
sources. However, our study has found evidence to suggest that tenure factors 
play a role on the demand side of the equation. There has been widespread con­
version of woodlands throughout our study sites, demonstrating the lack of 
common property management of these resources. We found that tree density 
in remaining woodlands is lower in some areas where there appear to be some 
changes to traditional tenure systems from migration. There are likely to be 
more of these types of areas as extreme population densities in some areas force 
people to migrate. Thus, there will be an increased need for local institutions to 
develop or strengthen to ensure that natural resources are managed for the so­
cial good. 
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Connectivity to markets could play a role in raising long-term benefits 

from resources and improving household incentives to manage them. We found 
that proximity to major urban areas was positively associated with yield change 
and at the same time did not lead to degradation of tree resources or woodlands 
over the study period. Such a finding is similar to that found for Uganda (Chap­
ter 6), where market integration was linked to significant tree-planting activi­
ties by households. The fear that infrastructure development will have delete­
rious effects on the environment is not supported by our analysis at two points 
in time, though this requires continued monitoring. There is clearly a role for 
governments to play here, and increased market connection can be a strategy to 
reduce poverty while simultaneously promoting natural resource management. 

Although tree planting on farms has shown little movement in the aggre­
gate, there seems to be better scope for increasing tree density on farms than on 
woodlands, where areas and tree densities have displayed a rapid decline. Aside 
from improved incentives to plant and manage trees on individual farms, the 
simple fact that most of the landscape (the north excepted) is already under agri­
culture leads us to this conclusion. But growing trees on farms in Malawi does 
not seem to be straightforward as noted by Dewees (1995). Our study found no 
perceptible increase in tree cover on agricultural land over the study period. 
This gives cause for concern because with the widespread uptake of tobacco by 
smallholders, demand for poles has increased sharply and pressure on remain­
ing woodlands intensified. Impediments in terms of the flows of information 
and tree germplasm must be addressed. 

What are the possible implications for land tenure reform as it pertains to 
improved investment on agricultural land? From a policy point of view, direct 
interventions aimed at the traditional tenure systems themselves would be 
difficult and risky and likely not a direction worth pursuing. First, customary 
land tenure institutions are so complex, diverse, and elusive that an appropriate 
intervention scheme can hardly be designed. Second, tenure systems are evolv­
ing toward the patrilocal/patrilineal arrangement without direct government 
intervention. Based on efficiency objectives, this is an appropriate direction 
in which to move, especially because significant productivity increases are re­
quired to affect the already high poverty rates. Most likely this can be hastened 
through the promotion of profitable investment opportunities. The fact that the 
patrilocal/patrilineal system has fostered adoption of the more profitable 
tobacco-farming system suggests that further transformation of customary land 
tenure institutions toward the patrilineal direction will take place. Such a ten­
dency is likely to be strengthened, as payoffs to tree planting and other long-term 
investments increase with increasing scarcity of trees, land, and other natural re­
sources. It is therefore expected that external support for these investments will 
bring about not only direct private benefits but also indirect benefits of trans­
forming customary tenure institutions, aside from the external benefits of im­
proving the natural resource base in a resource poor economy. 
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6 Customary and Private Land 
Management in Uganda 
FRANK PLACE, JOE SSENTEZA, 
AND KEIJIRO OTSUKA 

Uganda 's potential for agricultural production, because of its inherently good 
soils and dependable rainfall, has long been recognized. In the early 1960s the 
country produced enough food for its population and exported other agricul­
tural commodities (World Bank 1993). But the promise of sustained agricul­
tural and economic growth was left unfulfilled by a long period of political in­
stability beginning in the late 1970s. Thus, in 1995, Uganda ranked 13th poorest 
among Sub-Saharan African countries, in terms of average per capita income 
(World Resources Institute et al. 1998). The overwhelming majority of its peo­
ple, about 90 percent, continue to reside in rural areas, and it is estimated that 
about 50-55 percent of them are poor. Therefore, the bulk of the poor in Uganda 
are dependent to a large extent on crop land and other natural resources for their 
livelihoods. In a few areas, expansion of agricultural land remains an option, 
but in most cases, poverty alleviation will require intensification strategies. 

Within agriculture, productivity of farmers appears to be much less than 
its potential. Although increasing in recent years, food production per capita in 
the mid-1990s was still below its level in the early 1970s. Yields of several 
crops on-station far surpass those on farmers' fields (MPED 1996). Among the 
reasons for this are constraints on information flow to farmers (for example, 
poor extension services), absence of rural credit, and thus little use of improved 
seed or fertilizer. In fact, Ugandan farmers rank at the very bottom in the world 
in terms of fertilizer use per hectare or per capita. Furthermore, even though in­
vestments in infrastructure have been made, the ratio of output to input prices 
at the farmgate are low in many areas of Uganda (MPED 1996). At the same 
time, some of the traditional crops grown, such as banana and cassava, have 
been attacked by pests and diseases. There is some room for optimism, how­
ever. Uptake of high-value crops such as vanilla and passionfruit has increased, 
and farmers have increased production of maize to capitalize on increased re­
gional market opportunities. 

We are particularly grateful for valuable comments on an earlier version by W. Kisamba-Mugerwa. 
This chapter draws partly on Place and Otsuka (2001). 
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The prolonged focus on extensive agricultural production systems affected 

other natural resources. It is estimated that tropical high forest area was 7,000 
square kilometers in 1990, representing about 3 percent of land area (World 
Bank 1993), while Langdale-Brown (1960) had estimated dense forest area to 
be more than 11,000 square kilometers in 1958 and more than 25,000 square 
kilometers in the mid-1920s. More recently, the annual rate of deforestation (in­
cluding all types of natural forests) had been estimated to be about 0.9 percent 
between 1980 and 1990 (World Bank 1994). Given that the area under closed 
forest remains small, concern about the sustainability of woody biomass natu­
rally directs one to the more abundant agriculture land, woodland, bushland, and 
wetland areas found on the landscape. As is documented in most countries in 
Sub-Saharan Africa, the area under agriculture has expanded significantly at the 
expense of formerly wooded areas (Hosier 1989). The other major demand on 
woody vegetation has been for charcoal to satisfy urban commercial and house­
hold needs. It is expected that rural households will be called on to supply an 
increasing proportion of the demand for wood products in Uganda. 

The Museveni government came into power in 1986 and shortly thereafter 
embarked on a comprehensive structural adjustment program. A key feature of 
this program was to liberalize foreign exchange markets in order to encourage 
exports and attract foreign investment. Coupled with this adjustment was a rel­
atively sound monetary policy and large inflows of donor money, and conse­
quently price levels and currency rates were relatively stable throughout the 
1990s. A large amount of foreign aid has been used to rehabilitate the woeful 
communication, energy, water, and transportation infrastructure. Other money 
has been used to rejuvenate agricultural research and extension. 

One of the features of the Museveni government has been to decentralize 
many of the functions and responsibilities of government to local levels. For in­
stance, people elect their representatives down to municipalities and district 
levels, and these officials have hiring power over several key positions, includ­
ing extension agents. A pilot project that allows for more local financial auton­
omy is being tested in several districts. This fundamental change might be ex­
pected to benefit agriculture and natural resource management, both of which 
would appear to be important issues among the rural voting population. 

The primary objective of this chapter is to examine the effect of tenure sys­
tems on the management of land and tree resources in Uganda. For land man­
agement, we focus on community-level choices of land use and tree cover and 
on household-level choices of land use, investment (including tree planting), and 
productivity. In doing so, we also identify the effect of other factors, for exam­
ple, population pressure, on these same land management variables. A second­
ary objective is more basically to provide estimates of land use and tree cover 
change in Uganda, since quantitative data in this area are virtually nonexistent. 

This chapter is organized as follows. The next section discusses the major 
tenure systems in Uganda and those that are observed in the study sites. We 
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then describe the sites for the extensive and intensive studies. Discussion of the 
extensive study is subdivided into sections on hypotheses and econometric 
modeling; definition and description of key variables; econometric analysis; 
and summary and conclusions. The section following this presents the inten­
sive study in much the same manner. A discussion of policy implications em­
anating from both studies is the focus of the final section. 

Tenure Systems in Uganda 
Across our study sites in Uganda, several land tenure systems were prevalent 
before 1975, and despite the de jure nationalization of all land in that year, the 
same tenure systems are recognized both in the perceptions of the population 
and in formal land tenure reform debates. The most widespread of the tenure 
regimes is customary land tenure, which is virtually the only tenure system op­
erating in our eastern and northern sites. Customary lands in our sites were tra­
ditionally governed by clans that allocated plots of land to members. In many 
of the sites by the early 1900s, households had settled on lands and acquired 
strong permanent rights to specific parcels (Bazaara 1992). In some areas, 
power shifted from clans to chiefs following colonial intervention, but in 1966 
kingdoms were formally abolished by the Ugandan government, and this led to 
loss of control over land by traditional authorities in some cases. Some urban 
elites seized this opportunity to claim customary lands, particularly those close 
to urban areas, through the newly developed Land Commission. All customary 
systems follow patrilineal rules of descent, and in our study region inheritance 
is the most common method of land acquisition. 

In the Buganda region of central Uganda, the major tenure system is the 
mailo tenure system. Vast tracts of land, measured in units of square miles, were 
given to notables and elites by the colonialists beginning in the early 1900s and 
were known as private mailo land. A large area of land (958 square miles) went 
to the chief of the Buganda, known as the kabaka. Owners, lacking labor to till 
such large land areas, had received fees and rents by settling tenants (kibanjd) 
on their land. Subsequently, tenants acquired legal protection against eviction 
in the 1928 Busuulu and Envujjo law that required landlords to pay tenants full 
compensation for any investments made. Furthermore, tenants benefited from 
the abolishment of rents under the 1975 land reform. Although only mailo own­
ers may acquire titles to the land, many tenants have very strong rights over 
land they occupy, including the right to bequeath. Today, some mailo owners 
occupy anrTfarm their land; however, in many areas, occupation of land is over­
whelmingly by kibanja tenants 

Other nonallocated land in the Buganda region was initially classified as 
Crown Land and included land considered as "waste." During the reign of tra­
ditional rulers, this land was loosely administered by chiefs and was akin to cus­
tomary land, though Muhereza (1992) describes the management of this land 
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as resembling an open-access resource. Settlers on these lands in the Buganda 
region face a different type of tenure security risk than do settlers on custom­
ary land in other regions because the Buganda region surrounds the capital, 
Kampala. The insecurity arises from the allocation of leaseholds on public land 
to wealthy individuals and elites without regard to other occupants on the land. 
In some highly publicized cases, these new settlers have evicted families 
("squatters" under the law) that had occupied the land for several generations. 
It is difficult to know how many evictions there have been, but the local popu­
lations are well aware of them. Because of the increased potential for conflict 
over rights to these lands, we distinguish them from the customary areas in the 
eastern and northern sites and refer to such land as "public" land. Although it 
is clear that land rights of occupants of public land are weak vis-a-vis land au­
thorities, the extent to which individual rights are established and respected by 
occupants is less clear. 

Within each of these tenure systems, a rightful landholder may apply for 
a formal lease from the state. In doing so, the tenure over that land is trans­
formed into the legally recognized category of leasehold. In reality, few lease­
holds are taken out by occupants of customary land, and leaseholds are more 
common among mailo owners and recent settlers on public lands. 

In the 1990s, the Ugandan government put into place a decentralized ad­
ministrative network of Resistance Councils. The chairmen of these councils 
were often former traditional leaders, and they are now key players in land af­
fairs, such as settling many types of disputes. The formalization of tenure ad­
ministration at the local level has not led to significant transformations of tenure 
systems, nor has it prevented changes originating from the central government, 
such as the awarding of titles to land already occupied by other households. 
After this study was completed, a new Land Act was submitted to parliament 
and later enacted. Although this did not affect our empirical analyses, we shall 
refer to this in the policy section. 

A review of the literature on the effect of tenure on natural resource man­
agement and agricultural productivity found only a few relevant empirical stud­
ies. A study was conducted in mailo and non-mailo areas of Luwero and 
Masaka Districts in the mid- to late 1980s. Kisamba-Mugerwa (1989) found 
that within mailo land there was considerable uncertainty as to future land 
rights. They also found that on land occupied by tenants it was the owner who 
especially felt insecure about long-term land rights, because of possible gov­
ernment land tenure reform favoring tenants. In contrast, they found little in­
security of losing rights in nearby lands operated under indigenous systems. De­
spite the existence of a "private" mailo tenure system, land rights are not 
necessarily individualized. A study in Mpigi District by Aluma et al. (1995) 
found that individual rights of sale were claimed by only 55 percent of mailo 
households. Studies of the effect of differences in tenure systems and tenure se­
curity on agricultural investment and productivity are lacking (the study by 
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Kisamba-Mugerwa [1989] is an exception). Although mailo tenant farmers 
have a strong perception that timber trees cannot be planted because the land­
lord will claim ownership (Nielsen, Guinand, and Okorio 1995), Place (1995) 
found that some types of tree planting were more common on mailo tenant 
farms than on mailo owner farms. 

Study Sites 

Extensive Study 
The data for this study come from 64 parishes in 10 districts of Uganda (Fig­
ure 6.1).1 The 10 districts form a circle around Lake Kyoga in east-central 
Uganda. These sites were selected for several reasons: presence of differing 
population densities, different tenure regimes, relative homogeneity of topog­
raphy and agrozone, and availability of remote sensing material at two points 
in time. It is also important to note that our sites are largely free from organ­
ized tree-planting interventions, so that changes in tree resources at the level of 
a parish have not been exogenously influenced by government, nongovern­
mental organizations, and the like. 

The sampling procedure was stratified random. Five parishes were se­
lected from each district with the exception of Luwero, Mukono, and Kiboga, 
for which a greater number were selected to ensure an adequate number of 
mailo and public tenure cases. The sampling frame excluded all parishes above 
the size of 150 square kilometers to ensure that parish-level field data were 
meaningful (which eliminated only 2.1 percent of parishes across the 10 dis­
tricts). A further stratification rule based on availability of recent aerial photos 
was established, but a random sample provided for sufficient numbers of 
parishes covered by aerial photographs, and the rule was invoked in only two 
parishes in the district of Mukono. 

Although there are more subtle variances, the sites fall broadly within two 
agroecological zones. A drier zone cuts across the northern sections of Kiboga, 
Luwero, Mukono, Kamuli, and Iganga Districts, all located south of Lake 
Kyoga. Drier zones are also found as one moves to the north of Apac and Lira 
Districts. In some of the drier areas, soils tend to have higher sand to clay com­
position. Conversely, despite the wide geographical area covered by the study, 
the degree of variation in topography is quite low, with flat and gentle sloping 
areas predominant. 

Population densities range widely; the highest 1991 population density 
(the most recent census year) recorded is 629/square kilometer in Bumasobo 
Parish in Mbale District, and the lowest is 26/square kilometer in Mugongo 

1. The 10 districts are Mukono, Kamuli, Iganga, Tororo, Mbale, Kumi, Lira, Apac, Kiboga, 
and Luwero. 
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FIGURE 6.1 Location of study sites in Uganda 

i 1 RWANDA km 

Parish in northern Mukono District. The percentage of urban population in or 
adjacent to the parishes is low, and agriculture is the main activity in all 
parishes. Within agriculture, coffee, maize, and plantain dominate in the more 
favorable areas; cassava, beans, and millet become more important in the drier 
areas. The importance of livestock varies considerably, with higher densities 
per land area (but lower numbers per household) found in the heavily populated 
parishes. 
Intensive Study 
We selected a border area between Mukono District and neighboring Kamuli 
District as the intensive study site. Mailo and public land are found in Mukono 
District, while customary land is found in Kamuli District. This particular east-
west band contains sites that are nearly the same in terms of agroecological po­
tential, access to roads, and population density. The Nile River runs between 
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the two districts, and a lack of bridges means that there is relatively little ex­
change between the two districts despite their close proximity. We selected two 
parishes with similar flat to mildly sloping topography and located in a rela­
tively high bimodal rainfall band suitable for coffee and plantain production. It 
was felt that if tenure effects on farm land management were important, they 
would be most pronounced in areas with higher agroecological potential and 
population density. The sites are Nabalanga Parish in a mailo/public land area 
and Bupadengo Parish in a customary area. Average annual rainfall is between 
1,225 and 1,275 millimeters in the sites. The 1991 population density was 169 
in Nabalanga and 233 in Bupadengo. Bupadengo is positioned along a tarmac 
road, and Nabalanga is a 7-kilometer drive from a tarmac road. Nabalanga is 
closer to Kampala, at 50 kilometers, than Bupadengo, which is approximately 
116 kilometers from the capital city. Cattle numbers are low in both areas. 

The extensive study found that at the parish level broad land use had sta­
bilized in Nabalanga, where the share of land under agriculture was .74 in 1960 
and .72 in 1995. The bulk of the remaining area was wetland. In Bupadengo, 
the share of land under agriculture moved upward from .74 in 1960 to .80 in 
1995. Tree cover estimates over the whole parish decreased in both parishes 
over the 1960—95 period. In Nabalanga, the proportion of land area under tree 
canopy cover declined from .30 to .24. In Bupadengo, the decrease was more 
pronounced, from .43 to .21. Within the agricultural land use category, tree 
cover also declined in each site (contrary to most of the other sites). In Na­
balanga, the decrease was larger, from .32 to .18, while in Bupadengo, the de­
crease was from .30 to .22. Because there were no tree planting projects in ei­
ther location, comparisons of tree management are not distorted by this external 
factor. 

A random sampling procedure for selecting households was followed in 
the customary sites, where all households operate under a customary tenure sys­
tem. The only stratification made was on village within a parish, and households 
were selected from three villages in each.2 In the mailo areas, a list of house­
holds was drawn up for each village found along with their tenure status: mailo 
owner, mailo tenant, or public land occupant. A sample of households from 
each was randomly chosen. 

In total, 47 and 50 households were interviewed in Nabalanga and Bu­
padengo, respectively. Only 15 households operated more than one parcel (that 
is, contiguous areas of land acquired at the same time and through a single mode 
of acquisition), and each was enumerated for size, acquisition method, and land 
rights. Parcels were divided into numerous fields devoted to crop enterprises. 
All fields were enumerated for tree planting. For crop production inputs and 
outputs, the main coffee field was enumerated along with a random selection of 
two to three other farm fields. 

2. Each parish had between four and six villages. 
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Extensive Study 
Defining Key Variables 
The baseline land use and tree cover data were generated from aerial photo­
graphs at a 1:30,000 scale taken mainly between 1955 and 1960. The source for 
the recent information for 42 parishes was also aerial photography. Aerial pho­
tographs at a scale of 1:60,000 taken in 1995 were used for 38 parishes, and 
1:25,000 photos taken in 1989 were used for 4 parishes. Satellite images from 
1989 were used for the remaining 22 parishes, which were not included in any 
recent aerial photography. All remote sensing data were taken during the dry 
season, and thus there was no interference from clouds. The mainly flat terrain 
also made photo interpretation relatively trouble-free. Any ambiguities were 
rectified through groundtruthing by the field survey team. 

Details of the photo interpretation methodology can be found in Breyer 
(1996), but generally two types of data were generated. The first was a mapping 
of land use classes in all 64 parishes, using a 0.1 hectare minimum size of map­
ping unit. The land use classification scheme adopted distinguished between 
agricultural land, forests, plantations, woodland, bushland, grassland, wetland, 
urban land, barren land, and water. Forested land could be disaggregated into 
naturally stocked (virtually 100 percent canopy cover) or depleted forest 
(mainly 90 percent cover with a minimum of 80 percent). For our land use 
analysis, we use the term forest to include both natural forests and plantations, 
the latter of which was virtually nonexistent. Woodlands were nonagricultural 
lands on which tree cover of between 2 and 80 percent was found. A similar 
definition was used for bushland with the main difference that bushland con­
tained woody vegetation primarily below 4 meters in height. However, since 
average height is rather difficult to confirm in aerial photo interpretation, wood­
lands and bushlands were later aggregated together in our analyses. Grasslands 
were areas with less than 2 percent woody vegetation. Land with vegetation 
cover similar to woodland, bushland, or grassland but that was within a visible 
field pattern was classified as agricultural land. 

In the 42 parishes where recent aerial photographs were used, the wood­
land, bushland, and wetland classifications were further distinguished by four 
categories of tree cover density ranging from very dense (60—80 percent cover) 
to open (2—20 percent cover). For agricultural land, a second method was used 
to generate tree cover estimates involving a grid sampling of areas and the cal­
culation of average tree cover from a number of sample observations. 

Hence, for all 64 parishes, the area and proportion of land under the dif­
ferent land uses were calculated at two points in time. For the 42 parishes with 
recent aerial photo coverage, average parish tree cover could be assessed by 
taking a weighted average of tree cover in nonagricultural land (using tree cover 
classes) and tree cover in agricultural land (grid sample estimates). In non-
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agricultural land, these two types of variables were also calculated for each 
tenure classification within a parish after overlaying tenure boundaries on the 
land use maps. Tree canopy in agricultural land is estimated at only a parish 
level. The agricultural land samples were too costly to digitize, and conse­
quently it proved very difficult to match samples with tenure boundaries in 
parishes with multiple tenures. 

For our tenure variables, the general boundaries of the mailo tenure sys­
tem are well known. To obtain more precise locations, we engaged our group 
respondents in drawing the boundaries between tenure systems in their parish 
using aerial photographs as aids. This proved to be quite informative and often 
involved traveling through the parish to engage additional key informants in 
discussions. In the end, the boundaries were drawn on sheets overlaid onto aer­
ial photographs and digitized into a geographic information system database, 
so that they could be interacted with measures of land use and tree cover. 

We classified tenure systems into three categories. The first is customary 
land, which is nearly all the land outside the mailo-aiea parishes. A second is 
mailo land, which constituted a large part of land area in the districts of 
Mukono, Luwero, Jinja, and Kiboga. The non-mailo land area within these four 
districts was classified as public land, comprising land formerly akin to cus­
tomary land but that has recently been targeted by settlements of elites. 
Description of Data 

LAND USE AND TREE COVER VARIABLES. Table 6.1 shows some aggre­
gate descriptive indicators pertaining to the land use variables. The mean share 
of agricultural land per parish increased from .57 to .70 between 1960 and 1995. 
The lowest share of agriculture recorded was .05 in 1960, but this increased to 
. 15 by 1995. This expansion came largely at the expense of woodland and bush­
land, whose average share per parish fell from .28 to .18. Despite the fact that 
the large majority of parishes saw their share of woodlands decrease, nearly all 
parishes have some woodland or bushland remaining. The share of forested land 
fell by 50 percent, from .04 to .02 of total land area. In some cases, this reflected 
a complete depletion of forests—of 20 parishes with some forestland in 1960, 
10 became completely deforested by 1995. There is significant variation in the 
current degree of woody vegetation and its change over time across the parishes. 
Taking the area under forest and woodland together, the absolute change in 
share of total parish area varies from + .28 to - . 5 1 . 

Table 6.2 displays average tree cover per parish by broad land use cate­
gory and for whole parishes after taking a weighted average. The average tree 
canopy cover proportion per parish was estimated to be .31 both in 1960 and 
in 1995 for the 42 parishes where the variable could be calculated. Tree densi­
ties conditional on broad land use categories were also relatively constant for 
the aggregate sample. However, in about 42 percent of parishes, the absolute 
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change in average tree cover was greater than plus or minus .10, and the range 
was from +.30 to - . 3 6 . Last, it is noteworthy to highlight the result that tree 
cover in agricultural land increased from .23 to .28. 

Two points of clarification are worth noting about the observed aggregate 
tree canopy stability. First, canopy may not be an accurate measure of biomass. 
Large trees that are cut (for example, for charcoal) often grow back in several 
shoots that may form a wide canopy without a large woody biomass. Second, 
there is often a change in the composition of species, as is the case when land 
is converted from woodlands (for example, indigenous species such as Com-
bretum spp.) to agroforestry or agricultural land (for instance, coffee, shade 
trees, and exotic fruits). Nonetheless, we believe that tree cover changes 
broadly capture trends of changes in biomass density. Particularly noteworthy 
is increased tree cover in agricultural land, which seems to have compensated, 
at least partly, for loss of biomass from conversion of nonagricultural land. 

D R I V I N G F A C T O R S . The variables hypothesized to be the main factors 
behind land use and tree cover change came principally from a survey instru­
ment administered in each of 64 parishes. The respondents consisted of local 
leaders, respected elders, and agricultural officers. One meeting was often 
enough to obtain the necessary data, but in some cases the team traveled around 
to different parts of the parish to verify responses. A few variables, including 
soil type, rainfall, and population, were found from secondary sources. The sur­
vey elicited information about infrastructure and distance to markets, ethnic 
composition and extent of in-migration, cropping and livestock activities, tree 
species composition, major tree-planting projects, and a set of tenure variables 
including rights over land and trees across broad tenure categories. Many vari­
ables captured both current and initial conditions in 1960. 

Table 6.3 displays a general description of some of the important non­
tenure variables hypothesized to affect land use and tree cover. The average 
population density among the parishes was 79 per square kilometer in 1960 and 
the range was from 9 to 461 (MFEP 1992). Population growth was high in all 
our sample parishes, with the mean annual growth rate on the order of 4.5 per­
cent per year. As a result, the average population density increased to 164 in 
1991. One of the reasons for the large increase is that central Uganda has in re­
cent years been the major destination of migrants from the west (higher popu­
lation densities) and the north (poor and risky agricultural environments). The 
extent to which this can continue in the future is questionable given the wide 
expansion of agriculture and reduced farm sizes. In terms of market integration, 
the two most important variables collected were 1960 distance to a tarmac road 
and distance to the major commercial center, Kampala. Several parishes were 
located on tarmac roads, and the mean and maximum distance to a tarmac road 
was 25 and 102 kilometers, respectively. The nearest parish to Kampala was 29 
kilometers away, the mean distance was 181 kilometers, and the farthest was 
435 kilometers. 
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TABLE 6.3 Key driving factors affecting land use and tree cover 
Variable Mean Minimum Maximum 
1960 population density per km2 79 9 461 
1960-95 annual population growth (percentage) 4.5 -1.3 10.1 
1960 distance to Kampala (km) 181 29 435 
1960 distance to tarmac road 25 0 102 
Long-term annual rainfall (mm) 1,230 1,070 1,575 
Long-term number of dry days/year 82 43 123 
Sandy soils (1 if yes) .44 0 1 
Coffee is a major crop (1 if yes) .47 0 1 
SOURCE: Extensive survey. 
NOTE: N= 64. 

The topography of the study sites was mainly flat or mildly sloping with 
the exception of only a handful of parishes in Mbale and Kiboga Districts. Soils 
were of two types, reddish brown clay-loams (56.2 percent) and those that were 
more sandy and shallow (Oilier et al. 1969). To assess climate, secondary data 
on average annual rainfall and the number of "dry days" (the number of days 
per year that are evaluated to be strictly unsuitable for crop growth) were ob­
tained (FAO 1984). The average number of dry days ranged from a low of 43 
to a high of 123 days, and average annual rainfall varied from 1,070 to 1,575 
millimeters across the parishes, with the mean 1,230 millimeters. As far as tree 
characteristics are concerned, it is perhaps not surprising that in areas occupied 
by humans for several centuries, almost all the common trees found in the land­
scape coppice well (that is, regrow after cutting) as noncoppicing species would 
fail to reproduce. In virtually all parishes, respondents reported that the density 
of high-valued timber trees had fallen, and the median number per square kilo­
meter fell from 47 to 18. Coffee was a significant crop in 30 parishes, or slightly 
under 50 percent. Our survey found that formally organized tree-planting proj­
ects (of noncoffee trees) occurred in only 7 parishes. 

As discussed earlier, there were three main types of tenure regimes whose 
boundaries remained fixed throughout the study period in the study areas. Cus­
tomary land was found in 37, or 57.8 percent, of the parishes (see Table 6.4). In 
30 parishes, customary land covered the entire parish area and occupied about 
50 percent of all land in the study area. The median farm size reported in cus­
tomary areas in 1995 was 2 hectares. Table 6.4 shows that the percentage of land 
under agriculture was highest in customary tenure systems in both 1960 and 
1995. Although this is consistent with our hypothesis that incentives to expand 
agriculture area and ease of doing so are strong under customary tenure systems, 
it is also true that higher population densities are observed in customary areas. 
We try to disentangle these effects in our econometric analysis below. 
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TABLE 6.4 Area and land use by type of tenure 
Percentage Percentage 

Percentage Percentage of Land in of Land in 
of Parishes of Total Agriculture Agriculture 

Tenure Type Present Land Area in 1960 in 1995 
Customary 57.8 50.2 64.5 81.3 
Afo/fo/lease 45.3 39.4 36.6 53.8 
Public 37.5 10.4 19.1 28.0 
SOURCE: Extensive survey. 
NOTE: N= 64. 

The mailo land tenure system was found in 29, or 45.3 percent, of parishes 
and constituted 39.4 percent of all land area in the study. Leasehold tenure was 
found in a handful of sites but constituted a large enough area for mapping in 
only two parishes. Because the characteristics of leasehold tenure are quite sim­
ilar to those of mailo tenure (for example, large landowners, the majority of 
whom hold titles to land, and often with land leased to tenants), it is grouped 
together with mailo land for data analysis. There was considerable variation in 
the estimated proportion of mailo land occupied by owners and tenants in 1960 
(ranging from 5 to 90 percent), but by 1995 tenants were reported to occupy the 
majority of mailo land in most parishes. Average farm size in 1995 was 2 
hectares for tenants and 6 hectares for owner-cultivators. The median number 
of mailo owners in a parish was 12. Within mailo land, we also obtained esti­
mates of the percentage of owners who were absentee. In 34 percent of mailo 
areas, virtually all mailo owners were resident, while the remaining two-thirds 
had moderate to high levels of absentee ownership. 

Public land was found in 24, or 37.5 percent, of parishes, occupying 10.4 
percent of total land area. Some public land remains gazetted or otherwise non-
settled, but other public lands are occupied by households, some in government 
rice schemes (small plots) and others in more traditional farm settings (farms 
of a few acres). More recent government leasing of large tracts of land to elites 
had not occurred with any significance in our study sites. Of the three predom­
inant tenure systems in the study areas, public land has the lowest share of agri­
cultural land, though the rate of change over the 1960-95 period was high. 

A series of questions about land rights were asked for all observed tenure 
categories. In all tenure categories, individual rights to plant trees and to cut non-
timber trees were ubiquitous. The only tree right to exhibit much variation con­
cerned the right to cut timber trees (for example, Chlorophora excelsa), which 
reflected differences in awareness that some of these tree species are legally pro­
tected. As for land rights, in only a few cases was the unrestricted right of sale 
observed. In the case of customary tenure, the unrestricted right of sale was com-
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pletely absent, and consultation with extended family members was required. 
Free grazing, hence less exclusive rights to land, was reported for 32 percent of 
customary areas, 66 percent of mailo areas, and 42 percent of public lands. The 
higher percentage within the mailo tenure category likely reflects the fact that 
large and often absentee owners are unable to enforce exclusion rights. 
Econometric Analysis 

E S T I M A T I O N M E T H O D S . We estimate the following equation to assess 
the effect of tenure, population, and other factors on the conversion of land into 
agriculture: 

AA/PA = / ( T E N , DIST, /V0/PA, AN/N, A J?A, E), (1) 
where the dependent variable is the change in agricultural area (AA) normal­
ized by total parish area (PA) to adjust for differences in the total size of 
parishes. This equation corresponds to equation (2) in Chapter 2. The variable 
TEN captures the proportions of customary and mailo land tenure areas con­
trasted to the proportion of public land, which is the base and omitted case. 
These are further interacted with measures of exclusivity of tenure and, in the 
case of mailo land, the degree of absenteeism among mailo owners. There are 
two distance variables to represent DIST, one to the nearest tarmac road and 
another one to Kampala. Population density in the initial period (A^/PA) is en­
tered along with population growth (AN/N). AQ/?A represents the initial share 
of parish land area under agriculture. Finally, E captures variables such as soil 
type, annual average rainfall, and number of days unsuitable for cultivation. 

Equation (1) can be estimated using the full sample of 64 parishes. We as­
sume a linear specification except as noted for population density (A^/PA), for 
which we add a square term in order to test for positive but decelerating im­
pacts of population pressure on the expansion of agricultural land due to the 
limitation of cultivable area. We hypothesize that population growth and envi­
ronmental factors conducive to agricultural production have positive effects on 
the expansion of agricultural land. If the effect of distance is dominated by dif­
ferences in wage rates, then greater distance (lower wage) will be associated 
with greater conversion of land. However, if distance is capturing effects of 
prices of outputs, the effect is somewhat less determinant, depending on ease 
of marketability of major products. Analogous to equation (1), we specify the 
functions explaining changes in tree density on agricultural (AdA) and non-
agricultural land (AdN) as: 

AdA = AdA (TEN, DIST, A^/PA, AAW, AJPA, dNQ, dA0, E) (2) 

AdN = AdN (TEN, DIST, /V~0/PA, ANIN, A^A, dN0, dA0, E) (3) 
where the tree densities in the initial period (dm, dA0) are included to test the 
hypothesis that lower tree density on nonagricultural land, as well as on agri-
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cultural land, induces tree planting on agricultural land and more strict control 
of tree felling on nonagricultural land. It is also of interest to assess the impacts 
of population pressure on the tree densities on agricultural and nonagricultural 
land. In estimating equations (2) and (3), we used tree canopy cover as a proxy 
for tree density. Since data on tree cover are available only for 42 parishes 
where aerial photos are available, we used the subsample for the estimation. In 
the case of equation (3), tree cover data are available conditional on land tenure 
system within parishes. We therefore use 67 observations for the actual esti­
mation and use dummy variables for customary and mailo tenure systems 
(rather than the percentages used for the parish-level regressions of equations 
[1] and [2]). 

Migration is common within our study sites, particularly within broad eth­
nic group boundaries (for example, the Busoga), and, hence, population growth 
could be considered as endogenous. We therefore apply the two-stage least 
squares (2SLS) regression functions in addition to the ordinary least squares re­
gression in the estimation of equations (1) to (3). 

RESULTS . The results from the regressions of change in share of agri­
cultural land are given in Table 6.5. The models were based on observations 
from all 64 parishes, and the resulting adjusted /{-squared values were very en­
couraging, in the range of .60.3 Each of the models are 2SLS regressions with 
population growth treated as endogenous, and each differs in terms of the 
specification of the tenure variables, as explained later. The results in Table 6.5 
indicate that the change in agricultural land share is affected by land tenure 
regime. Customary tenure is positively related (in comparison to public land) 
to agricultural land conversion, in all models. This could imply the existence 
of weak indigenous institutional management of lands in which land clearing 
is not regulated. It could, however, also indicate a purposeful strategy on the 
part of indigenous institutions to respond to demands for agricultural land 
by its ever increasing constituents. The finding that "exclusive customary 
tenure" led to faster agricultural expansion than "more open access custom­
ary tenure" suggests that management of agricultural land is more profitable 
under the former than the latter owing to the difference in tenure security or 
the degree of individualization of land rights. There is no significant difference 
in land use change between mailo and public tenure systems in any of the mod­
els. There was further no significant difference in the change in agricultural 
land share within mailo areas differing on the basis of exclusivity of land rights 
or residency of owners. 

3. We ran models after annualizing land use and tree cover change to account for differences 
in beginning and ending dates for remote sensing interpretation. The statistical significance of the 
models and of individual variables was unchanged from those presented here. Other explanatory 
variables, such as livestock density and other environmental variables, were found to have little sta­
tistical significance in other regression specifications. 
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TABLE 6.5 Determinants of change in share of agricultural land: 2SLS regressions 
2SLS 2SLS 2SLS 

Variable Model 1 Model 2 Model 3 
Constant .012 .024 -.0007 

(0.71) (0.15) (-0.00) 
Share of customary tenure .181* .179* 

(2.08) (2.09) 
Exclusive customary tenure3 .191* 

(2.25) 
Open customary tenure" .077 

(0.80) 
Share of mailo tenure .026 

(0.28) 
Exclusive mailo tenure" -.006 

(-0.06) 
Open mailo tenure" .027 

(0.29) 
Resident mailo tenure" .089 

(0.86) 
Absentee mailo tenure" -.002 

(-0.02) 
1960 population density .0020** .0015* .0019** 

(2.52) (1.89) (2.45) 
1960 population density squared -.000003* -.000003 -.000003* 

(-1.96) (-1.58) (-1.80) 
Predicted population growth .033* .032* .0364* 

(2.00) (1.98) (2.22) 
Number of dry days .0008 .001 .0008 

(0.90) (1.08) (0.85) 
Distance to Kampala -.00002 .00005 .00002 

(-0.07) (0.14) (0.07) 
Distance to tarmac road .0022** .0019* .0022** 

(2.60) (2.13) (2.68) 
1960 share of agriculture land - .651** - .611** -.663** 

(-7.67) (-7.06) (-7.86) 
Adjusted i?-squared .59 .61 .60 
NOTE: N - 64. Figures in parentheses are t-values. 
"Interaction terms: tenure category x exclusivity of land right; mailo tenure x residence status of 
mailo owners. 
*.05 level. 
**.01 level. 
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Population variables were extremely important in explaining land use 

change. Increased agricultural land share was linked to higher population 
growth and higher population density, the latter at a nonlinear decreasing rate. 
This is consistent with a well-noted observation made by others (for example, 
Boserup 1965) and can be attributed to both increased benefits from and lower 
costs of conversion. The effect of population density shows that at low levels 
the change in share of agricultural land is high as families clear large areas for 
their farms. As population increases, the land frontier diminishes, and eventu­
ally new families must find land from within existing agricultural areas. Model 
1 predicts that the level of population density at which agricultural land would 
actually decline is 350, a level that was exceeded in only one parish. 

Other important variables in the change in agricultural land share re­
gressions were the 1960 share of agricultural land and the distance to a tar­
mac road. The coefficient on the 1960 share of agricultural land was negative 
and very strong; this is expected because at higher share levels, the potential 
for additional expansion is less and the value of the resources in nonagricul­
tural land may rise sufficiently to warrant some regulation or protection. Dis­
tance to a tarmac road was positively and significantly related to increased 
agricultural land share in all cases, indicating that greater agricultural expan­
sion during the 1960—95 period was taking place away from major roads. This 
is likely due to the simple fact that land near main roads was heavily popu­
lated and already converted in response to market opportunities before 1960 
and possibly to lower wage rates away from roads, which increases the returns 
to conversion. 

Tables 6.6 and 6.7 show the results from the tree cover change regression 
on agricultural and nonagricultural land, respectively. The models for agricul­
tural land explained a large share of observed variation, between 70 and 73 per­
cent. The models for nonagricultural land did not show such a strong fit but 
nevertheless explained a respectable 52 percent of variation in tree cover 
change. In what follows, we discuss the results from the two tables together. 

Among tenure variables, the main effect found was that tree cover change 
on agricultural land was positively related to mailo tenure (compared with pub­
lic land). There were no observed differences between "more exclusive" and 
"more open" mailo land, but positive tree cover change seems somewhat 
stronger in mailo land dominated by resident owners. These results support our 
hypothesis that individual rights to land and trees are stronger in mailo land than 
in public land, especially where owners are resident. There were, however, no 
significant differences in tree cover between mailo land area and customary 
land area, even though land rights are weaker in the latter (see Table 6.9). This 
result may be taken to imply that land rights are strengthened after tree plant­
ing under customary land tenure systems, which provides sufficiently strong in­
centives to plant trees, as was demonstrated by the empirical model developed 
in Chapter 1. 



TABLE 6.6 Determinants of change in tree cover on agricultural land: 
2SLS regressions 

2SLS 2SLS 2SLS 
Variable Model 1 Model 2 Model 3 
Constant .523* .534* .489* 

(2.21) (2.18) (2.07) 
Share of customary tenure .047 .042 

(0.69) (0.62) 
Exclusive customary tenure3 .049 

(0.66) 
Open customary tenure3 .090 

(1.01) 
Share of mailo tenure .187* 

(1.91) 
Exclusive mailo tenure3 .173 

(1.68) 
Open mailo tenure3 .213* 

(1.98) 
Resident mailo tenure3 .201* 

(2.06) 
Absentee mailo tenure3 .149 

(1.46) 
1960 population density .00035 .0005 .0002 

(0.32) (0.43) (0.15) 
1960 population density squared .0000003 .0000003 .0000003 

(0.29) (0.28) (0.27) 
Predicted population growth -.0127 -.0141 -.0095 

(-0.65) (-0.70) (-0.49) 
Number of dry days .00001 -.0001 .0002 

(0.01) (-0.08) (0.17) 
Sandy soil -.129** -.129** -.120** 

(-2.85) (-2.72) (-2.64) 
Distance to tarmac road -.0028** -.0032** -.0027** 

(-2.64) (-2.46) (-2.58) 
Distance to Kampala .0002 .0003 .0001 

(0.43) (0.60) (0.33) 
1960 share of agriculture land -.362** -.402** -.357** 

(-3.26) (-3.15) (-3.24) 
1960 agricultural tree cover _ 97i** -.956** -.978** 

(-641) (-6.11) (-6.51) 
1960 nonagricultural tree cover -.076 -.073 -.073 

(-0.76) (-0.69) (-0.74) 
Coffee important crop .063 .076 .068 

(1.45) (1.60) (1.57) 
Adjusted ^-squared .72 .71 .73 
NOTE: 7V= 42. Figures in parentheses are ; f-values. 
"Interaction terms: tenure category x exclusivity of land right; mailo tenure x residence status of 
mailo owners. 
*,05 level. 
**.01 level. 
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TABLE 6.7 Determinants of change in tree cover on nonagricultural land: 
2SLS regressions 

2SLS 2SLS 2SLS 
Variable Model 1 Model 2 Model 3 
Constant -.837** -.885** -.882** 

(-3.12) (-3.24) (-3.26) 
Share of customary tenure -.052 -.054 

(-1.00) (-1.03) 
Exclusive customary tenure3 -.084 

(-1.44) 
Open customary tenure3 .019 

(0.26) 
Share of mailo tenure -.0105 

(-0.27) 
Exclusive mailo tenure3 .006 

(0.12) 
Open mailo tenure3 -.019 

(-0.42) 
Resident mailo tenure3 .026 

(0.51) 
Absentee mailo tenure3 -.033 

(-0.75) 
1960 population density .0010 .0012 .0009 

(0.88) (1.02) (0.80) 
1960 population density squared -.000003** -.000003** -.000003** 

(-2.49) (-2.58) (-2.57) 
Predicted population growth .065** .067** .069** 

(2.79) (2.86) (2.93) 
Number of dry days .0055** .0057** .0057** 

(3.76) (3.83) (3.85) 
Sandy soil .181** .192** .189** 

(3.40) (3.51) (3.53) 
Distance to tarmac road .0028* .0029* .0028* 

(2.29) (2.21) (2.32) 
Distance to Kampala -.0004 -.0004 -.0004 

(-1.20) (-0.97) (-1.19) 
1960 share of agriculture land .356** .364** .361** 

(2.90) (2.81) (2.94) 
1960 agricultural tree cover -.291 -.298 -.296 

(-1.93) (-1.97) (-1.97) 
1960 nonagricultural tree cover -.520** -.504** -.521** 

(-5.29) (-5.08) (-5.31) 
Adjusted 2?-squared .52 .52 .53 
NOTE: N= 67. Figures in parentheses are /-values. 
"Interaction terms: tenure category x exclusivity of land right; mailo tenure x residence status of 
mailo owners. 
*.05 level. 
**.01 level. 
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No other tenure variables were statistically significant, including those in 

the nonagricultural land regression. This indicates, among other things, that in­
dividual land rights on nonagricultural land are weak and relatively invariant 
under any tenure system and that community management of trees is not well 
developed across our sites. 

Population density and population growth had much less impact on tree 
cover change than on land use change. The exception was the positive and sta­
tistically significant relationship between predicted population growth and tree 
cover in nonagricultural land (as well as a significant coefficient on the squared 
1960 population density variable in Table 6.7). The reason for this is not ap­
parent, but the variable may be picking up the effect of the 1980-86 war, which 
may have simultaneously ravaged vegetation cover and lowered population 
growth in these sites.4 To summarize the effect of population pressure in the 
three models, increased population unambiguously leads to conversion of land 
to agriculture; the effect of population on tree cover or its change on agricul­
tural or nonagricultural land is ambiguous. This is further demonstrated in 
Table 6.2, where tree cover on agricultural land increased, along with popula­
tion, during the 1960—95 period. It is unlikely that the resiliency of aggregate 
tree cover over time, close to roads or otherwise, was linked to decreasing de­
mand for tree products. Data show that the percentage of cooking energy from 
tree products remains very high today at 94 percent and 89 percent among ru­
ral and urban households, respectively (World Bank 1996). 

Other noteworthy findings include the importance of market access, soil 
type, and climate. Distance from a tarmac road was negatively related to the 
change in agricultural tree cover change. This is the expected effect if market 
access leads to more favorable prices for outputs and induces adoption of tree 
planting for coffee/shade, fruit, and wood products. Table 6.7 also indicates that 
proximity to tarmac roads has adversely affected tree cover in nonagricultural 
lands. Both results together suggest that in areas near tarmac roads incentives 
for exploiting trees are greater, but only in agricultural land, where tenure is pri­
vatized, has this led to improved long-term tree management. Better soil qual­
ity had a positive effect on tree cover change on agricultural land and a nega­
tive effect on tree cover change on nonagricultural land. The result for 
agricultural land, that farmers plant and protect trees where they are likely to 
grow better, is expected. The coffee variable in Table 6.6 was not significant, 
showing that tree cover change did not depend exclusively on increased coffee 
plantings, though these certainly did contribute to improved tree cover.5 

4. Indeed, the effect disappears when a dummy variable for parishes strongly affected by the 
war is included. The war dummy itself was not significantly related to land use or tree cover change 
when included. 

5. Our data indicate that tree cover change was greater in parishes where coffee was impor­
tant than in those where it was not. However, these same parishes have favorable climate and in­
frastructure that also promote the adoption of noncoffee tree species. Last, as mentioned earlier, a 
great deal of coffee is intercropped with other trees in agroforestry systems. 
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Last, it is worth noting the significance of the 1960 tree cover and agri­

cultural land share variables. The strong negative signs on the 1960 tree cover 
variables indicate that individuals and communities do react to the increasing 
scarcity value of trees by planting and protecting tree resources. This is espe­
cially true in the case of agricultural land, as evidenced by the high coefficient 
estimate. When we control for initial tree cover, the initial share of agricultural 
land had a positive effect on tree cover change on nonagricultural areas but a 
negative effect on tree cover change on agricultural land. The positive effect on 
nonagricultural land would be expected if some tree products in nonagricultural 
land cannot be substituted for in agricultural land, thus leading to a rise in their 
value with greater land conversion. For agricultural land, the variable could be 
capturing a comparative advantage for cereal cultivation through tree clearing 
or perhaps a lack of access to tree germplasm, due to few natural wooded areas 
nearby. 
Summary and Conclusions from Extensive Study 
In this analysis we obtained strong statistical evidence, based on parish-level 
data in Uganda, that population pressure, market access, and land tenure are im­
portant factors affecting land use and tree resource management. Specifically, 
it is found that three variables representing population pressure significantly af­
fect the conversion of woodland and grazing land to agricultural fields. While 
agricultural land expansion was positively related to population growth, our ev­
idence shows that the rate of area expansion declines with increases in popula­
tion density. Distance to tarmac road was also strongly and positively linked to 
expansion of agricultural land. Our survey data indicate that most lands near 
main roads had already been converted to agriculture before the study period. 

Customary land tenure institutions in Uganda provide strong private rights 
in agricultural land but are relatively weak in collective management of other 
resources. These appear to have promoted, or at least not retarded, the pace of 
land conversion. Whether private ownership systems per se are conducive to the 
preservation of woodland and grazing land or whether the tenancy regulations 
retard the conversion to agricultural land, however, is not clear from our data. 

With respect to tree cover change, population pressure did not have a ma­
jor impact, aside from its indirect effect through land use change. Proximity to 
tarmac road had a positive effect on tree cover on agricultural land but a nega­
tive impact on nonagricultural land. Another important finding of this study is 
the increased tree density in agricultural land, especially in response to lower 
initial density. Thus, tree planting and conservation have been taking place at 
the same time as the conversion of woody areas to agricultural land, and "de­
forestation" is neither ubiquitous nor inevitable if one considers all tree re­
sources. Our data show a more or less stable tree cover over time, with the con­
tribution of agricultural land to overall tree resources (measured by canopy 
cover) rising from 35 to 58 percent over the study period. 
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Intensive Study 
Defining Hypotheses 
Following the theoretical model of tree planting developed in Chapter 1, we 
postulate empirically testable hypotheses on the impacts of land tenure on the 
management of land and trees in this section. This model assumes that the 
household will compare the present value (PV) of agroforestry development to 
other alternatives such as a fallow/cropping system. In doing so, the farmer 
must take into consideration several factors. According to the model, the value 
of tree planting is determined by its direct effect on profits on the one hand and 
its indirect effect on expected profits through the reduction in the probability of 
losing land rights on the other. The direct profit effect is determined by market 
access and prices. Because coffee is a globally traded commodity, its market­
ing has not been of major concern, other than normal price fluctuations. For 
other tree products, markets are thinner and prices are more reflective of local 
supply factors—the greater the scarcity of trees, the greater will be the profits 
from tree planting. 

Tree planting may enhance tenure security under customary land tenure 
institutions, because work effort of planting trees is rewarded by strong indi­
vidual land rights (for example, Shepherd 1991). We developed the regression 
model in Chapter 1 to verify the significance of this effect on tree planting. 
Whether management effort affects land rights is not empirically known. In our 
study sites, there are also specific reasons to hypothesize that some types of in­
vestment will enhance tenure security in the mailo and public tenure systems 
as well. First is the case of mailo long-term tenants. Their tenure security rests 
on the decision of the landlord not to evict them (which the law allows them to 
do). Eviction requires landlords to compensate tenants for investments, and 
thus the establishment of highly valued investments helps to reduce the likeli­
hood of eviction. Coffee is one such investment that pays in a relatively short 
time and is easily valued. Other types of trees may not serve this role as well, 
and in fact, as will be discussed in detail in relation to Table 6.9, there appears 
to be some informal agreement that the proceeds from a few valuable timber 
trees would go to the landlord. On public lands occupied by landholders who 
operated under a de facto customary system for many years, tree planting will 
enhance individual tenure security, as in the case of customary lands. Further­
more, growing trees will help prevent squatting on this type of land.6 Given 
these effects, observed tree planting under customary land tenure may be on par 
with farmers of higher security owing to the indirect security effect of tree 
planting. Conversely, if tree planting cannot affect tenure security, the optimal 

6. It does not, on the other hand, change the likelihood of losing land rights to a traditional 
or formal authority, but this possibility is remote throughout the study area. 



218 Frank Place, Joe Ssenteza, and Keijiro Otsuka 
level of tree planting increases with the original level of tenure security. This 
is likely to be the case for investments in planting of a few fruit or firewood 
trees, because these trees are much less important than coffee. Community 
agreement to enhance individual land rights through the planting of these less 
valuable trees has not been established. 

Unlike tree-planting efforts, effort involved in managing trees is not di­
rectly observable and is thus less valuable as evidence that an investment in 
land is being made. Moreover, once trees have been planted, the probability of 
losing rights may become close to zero. Then the choice of management effort 
may be independent of initial tenure insecurity. 

The fallow/crop strategy would have nearly the opposite effect. Fallowing 
will not decrease the probability of losing land rights and in fact may increase 
it under customary land tenure rules. This is not the case under mailo owner­
ship. It is therefore obvious that the incidence of fallowing will be less for lower 
levels of tenure security. 

These outcomes lead to the following hypotheses: 

1. Long-term investment in coffee may not differ significantly between 
tenure systems with different levels of tenure security because of the se­
curity-enhancing effect of planting coffee. 

2. Plot-level profits from coffee will tend to be similar across tenure systems 
with different levels of tenure security because tenure may not affect man­
agement effort. In the case of annual crops, profits will not be different, 
because tenure security does not affect short-term decisions. 

3. Planting of noncoffee trees is affected not only by tenure factors but also 
by price factors, which in turn depend on scarcity of trees in the local area. 

4. Incidence of fallowing will be greater in areas where tenure security is 
higher, since otherwise fallowing may lead to loss of individual land 
rights. Therefore, we expect more fallowing in mailo-owner land and less 
in customary land. 

Description of Data 
G E N E R A L C H A R A C T E R I S T I C S OF H O U S E H O L D S A N D P A R C E L S . 

Table 6.8 shows some descriptive data pertaining to sampled households and 
parcels. Most households are headed by males, but female heads are fairly com­
mon in Nabalanga (22 percent). Age of household head was nearly identical in 
both sites, at around 47 years. Both farm sizes and family sizes differed across 
the study sites. Mean farm size was 4.7 hectares in Nabalanga and 2.5 hectares 
in Bupadengo.7 Barrows and Kisamba-Mugerwa (1989) found similar-sized 
farms in their mailo study sites in Luwero and Masaka Districts. The farms are 

7. These means exclude three very large farms that are clearly outliers. Because of this, the 
log of farm size is used in regression analysis rather than actual values. 
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TABLE 6.8 Household and parcel variables 
Variable Total Nabalanga Bupadengo 
Female household heads (percentage) 14.0 22.0 5.0 
Age of household head (mean) 47.5 48.3 46.6 
Adult equivalents (mean) 2.9 2.5 3.5 
Farm size (mean in ha)a 3.7 4.7 2.5 
Good soil fertility (percentage of parcels) 61.6 47.2 74.6 
Sloping land (percentage of parcels) 43.9 44.3 43.2 
Years since parcel acquired (mean) 20.3 22.2 18.6 
Number of household observations 97 47 50 
SOURCE: Intensive survey. 
"The mean is calculated after the exclusion of three extreme outliers. 

large in mailo areas because (1) there remains some carryover of the maldistri­
bution of farm sizes in mailo land from historical factors and (2) land sale and 
land rental markets are not effectively functioning owing partly to incomplete 
land rights and tenancy regulations. Conversely, family sizes were lower in Na­
balanga than in Bupadengo, and there was on average one more adult equiva­
lent in the latter. These observations mean that land-labor ratios are much 
greater in Nabalanga than in Bupadengo. Not surprisingly, much more hired la­
bor is reported in the Nabalanga site. There was some variation in reported soil 
fertility and toposequence location of parcels. Just over 40 percent of parcels in 
each site were on sloping land, while significantly higher fertility assessments 
were reported by Bupadengo farmers.8 Parcels were on average held for slightly 
longer periods in Nabalanga than Bupadengo (22.2 to 18.6 years). 

L A N D T E N U R E A N D T E N U R E S E C U R I T Y . Table 6.9 shows the classi­
fication of parcels by tenure type for the entire sample. The most common 
tenure was a permanent occupant of customary land (that is, through inheri­
tance or purchase), which includes nearly all of the parcels in Bupadengo. This 
is followed by long-term mailo tenants (17.3 percent), occupants on public land 
(13.5 percent), and mailo owners (12.5 percent). There were nine parcels ac­
quired on a temporary basis (for example, renting or caretaking), two-thirds of 
which were found in Bupadengo.9 

Table 6.9 also reports the relationship between tenure type and the ability 
to exercise various land rights. Despite the high proportion of parcels that had 
been acquired through purchase, the unfettered individual right of sale is rela­
tively uncommon, with only about 20 percent of parcels reported to fit into this 

8. Farmers classified the soil fertility of their fields as very good, good, fair, or poor. 
9. These parcels were omitted from the regression analyses. First, none of the investments 

considered in the analyses were made on these parcels. Second, data were missing on outputs for 
some, meaning that the number of cases was too small to provide for reasonable analysis. 
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category. Respondents claimed to enjoy no rights of sale for as many as 55.8 
percent of parcels. A remaining quarter of the parcels could be sold, but only 
after notification or approval. This lack of certainty over sale rights permeates 
through all tenure types but is more pronounced among customary farmers.10 

Other rights of transfer are more individualized, though clear distinctions 
are visible comparing the mailo tenure with customary tenure. The right to give 
without any notification or approval is claimed on approximately 70 percent of 
all mailo parcels in Nabalanga and slightly less on public land parcels. Con­
versely, fewer than 30.0 percent of customary parcels enjoy similar status. A 
similar pattern occurs for the right to choose heirs, except that the difference 
between mailo and customary parcels is even more pronounced. It is also im­
portant to note that the individualization of rights over public land parcels is no­
ticeably greater than that on customary land except for the right to sell, which 
is relatively low in both cases. 

Rights to plant trees follow an interesting pattern. Nearly three-fourths of 
all households claim the unfettered rights to plant trees, but fewer when only 
timber trees are considered. The reason for this difference is that it is widely 
known that one particular timber tree (Chlorophora excelsa, or mvule in the 
local language) is a protected species under forestry codes. This is subject to 
various interpretations, but one common result is that some farmers do not 
plant them (and other high-value trees), believing that only the forestry depart­
ment or land owner can plant and manage this species. A second outcome is 
that mailo owners prohibit their tenants from planting them on their land fear­
ing that this would lead to loss of land rights for the owner. Thus, Table 6.9 
shows that in fact the rights to plant timber trees are clearly lower among 
mailo tenants, relatively low among customary farmers, and higher among mailo 
owners. Mailo tenants, on the other hand, perceive little difficulty in planting 
other types of trees. 

As in many other countries in Africa, formal land registration and titling 
were never undertaken on a large scale by the government, but the machinery 
was put in place for farmers to register their parcels at their cost. Because this 
process requires investment in cash and time, most farmers do not decide to ac­
quire title, unless the expected benefits are unusually large. In our sample, 14.3 
percent of parcels acquired on a permanent basis in Bupadengo had been titled. 
There was a higher percentage of parcels under title in Nabalanga (31.1 per­
cent), mainly because of the presence of mailo owners who often use title as se­
curity for credit (agriculture or nonagriculture). 

A G R I C U L T U R A L I N V E S T M E N T S A N D P R O D U C T I V I T Y . When eval­
uating the impact of tenure on agricultural efficiency, it is important to look both 
at short-term and long-term considerations. In the short term, it is possible to 

10. Mailo long-term tenants are able to sell their rights to land, which do not include own­
ership rights, to others. Often they are required to have approval from the mailo owner. 
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study the impact of tenure on measures of productivity or profit (annual crops). 
For long-term efficiency, panel data sets are normally not available or feasible 
to collect, and so instead one is interested in land investments such as tree plant­
ing and subsequent management that are hypothesized to increase future 
efficiency measures, ceteris paribus. Several types of indicators could be used 
to assess farmer investment in agriculture and resulting productivity. In our 
study sites, farmers report very few long-term investments or prolonged use of 
short-term investments. No land and water constructions, such as terracing or 
water harvesting, were reported on more than a handful of plots. Fewer than 5 
percent of all plots had received manure, fertilizer, mulch, or crop residues in 
any of the past five years in both sites. The major reasons for this are the high 
costs of imports into Uganda (fertilizer), the relatively low number of cattle 
(manure), and the poor condition of extension services in Uganda (conserva­
tion and green organic systems). 

What remains as potential investments are those that have overcome these 
constraints. This amounts to three types of investment: coffee planting (made 
available partly as a result of government involvement), noncommercial tree 
planting (farmers can access seed and wildings on their own), and fallowing 
(requires no inputs). To measure production efficiency, a profit function ap­
proach is used. Profits are defined as the value of production less the costs of all 
purchased inputs and less the imputed value of all family labor. This is then eval­
uated on a per hectare basis. A description of the crops evaluated follows. 
Agricultural Investment and Productivity: 
Econometric Results 

COFFEE PLANTING. Coffee is by far the major foreign exchange earner in 
Uganda. As such the government of Uganda has long had an interest in pro­
moting its diffusion among farmers. Support has been in the form of research of 
new cultivars and in the promotion of nurseries to distribute planting material. 
There has not, however, been substantial involvement in the area of enhancing 
the use of fertilizers on coffee, unlike the cooperative program in Kenya. 

A large majority of farmers in our study sites had planted some coffee. In 
Nabalanga, the percentage of farmers planting coffee was 89.2 percent, and in 
Bupadengo it was 81.4 percent. This provides general support to the first hy­
pothesis, that coffee planting will be more or less the same across tenure sys­
tems. According to Table 6.10, the mean proportion of area devoted to coffee 
was 15 percent in both Nabalanga and in Bupadengo.11 Since the mean farm size 
is higher in Nabalanga, the absolute area devoted to coffee per farm is generally 
higher in Nabalanga, and there is considerable variation in coffee area across 
farms in each site. 

11. Barrows and Kisamba-Mugerwa (1989) found the proportion of land planted to coffee 
to vary between 13 and 34 percent in their study sites. 
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TABLE 6.10 Agricultural investment and productivity variables 
Variable Nabalanga Bupadengo Total 
Tree planting and management 

Total planted per hectare (mean) 12.4 53.5 33.2 
Fruits planted per hectare (mean) 2.4 14.4 8.5 
Percentage of fuelwood from own farm 67.4 81.0 74.0 

Fallowing 
Percentage of parcels fallowed 80 33 55 
Percentage of noncoffee parcels fallowed 88 38 61 

Percentage of parcel area under coffee 15 15 15 
Profits per hectare (mean in Uganda shillings) 262,899 456,676 351,381 
Labor days per hectare (mean) 165.0 187.3 175.2 
SOURCE: Intensive survey. 

Table 6.11 shows the results of a tobit regression to explain the proportion 
of parcel area under coffee.12 Among the three tenure variables, only the result 
pertaining to mailo long-term tenants is significant. The positive result indicates 
that these farmers devote greater proportions of land to coffee than customary 
farmers. There may be relatively high planting of coffee among mailo tenants 
in order to reduce the likelihood of their eviction (since owners would have to 
compensate for this investment). It is worth emphasizing that coffee planting is 
no less active under customary tenure than mailo owners, despite weaker land 
rights. These results are largely supportive of hypothesis 1, suggesting that 
planting may be used to increase security of tenure. 

Also important were farm size, the length of time since the parcel was ac­
quired, and the soil fertility status. Farm size was negatively related, implying 
that factor markets are not efficient to allow larger farmers to rent out land or 
to hire labor in sufficient quantities (Hayami and Otsuka 1993). The years since 
acquisition had a positive effect on proportion of coffee area. This indicates that 
farmers make gradual investments in coffee, and given the insecurity and dis­
ruption of markets in Uganda's recent history, this is not surprising. More cof­
fee was associated with soils of higher fertility. Since coffee is among the most 
profitable options for farmers, this reflects a profit-maximizing strategy by 
farmers.13 No other variables were significantly related, including the family 

12. We also specified the regression function in which explanatory variables include Bu­
padengo dummy and land right dummy as well as interaction terms between land right dummy and 
mailo owner, mailo tenant, or public holder dummy. In this specification, site-specific effects are 
controlled for by the site dummy, whereas the land tenure effects are supposed to be captured by 
the four land right variables. Qualitatively, the estimation results are not so different from those re­
ported in Tables 6.11 to 6.13. 

13. Although it could also be argued that farmers are more likely to apply fertilizers to cash 
crops such as coffee, it is well known that the use of fertilizers in Uganda is among the lowest in 
the world. 



224 Frank Place, Joe Ssenteza, and Keijiro Otsuka 

TABLE 6.11 Determinants of adoption of coffee and use of fallowing 
Dependent Variable 

Percentage of Whether Field Had 
Parcel Area Been Fallowed in 

under Coffee: Past 10 Years: 
Independent Variables Tobit Regression Probit Regression 
Constant -.0100 -.4888 

(-0.10) (-0.99) 
Mailo owner .0239 1.5581** 

(0.29) (3.70) 
Mailo long-term tenant .1534** 1.3755** 

(2.39) (4.25) 
Public land holder .1122 2.1613** 

(1.45) (4.92) 
Log of farm size -.0492 -.1319 

(-1.80) (-0.92) 
Years since parcel acquired .0058** -.0316** 

(2.72) (-3.12) 
Sloping land -.0570 -.0222 

(-1.15) (-0.10) 
Good soil fertility .0960* .8923 

(1.94) (0.38) 
Female head of household -.0180 -.0539 

(-0.25) (-0.17) 
Age of household head -.0025 .0213* 

(-1.31) (2.25) 
Number of adult equivalents .0222 .0187 

(1.40) (0.25) 
Log likelihood -10.44 
Percentage of observations 

correctly predicted 75.7 
NOTE: Figures in parentheses are /-values. 
*.05 level. 
**.01 level. 

labor endowment. Given the result on farm size, the interpretation is that while 
labor markets are not perfect, they do function to some extent, allowing house­
holds with relatively small labor endowments to adopt proportions of coffee 
area similar to those in households with more labor. 

F A L L O W I N G . Another investment that is practiced by a number of 
farmers is fallowing. Unlike other types of investment, fallowing does not re­
quire explicit work effort and hence does not enhance tenure security. On the 
contrary, tenure security tends to decline if land is not utilized under traditional 
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tenure systems. The data indicate that 80 percent of fields and 88 percent of non-
coffee fields in Nabalanga had been fallowed for at least one year during the 
past 10 years. The extent of fallowing is much less in Bupadengo, and only 33 
percent of noncoffee fields had been fallowed over the same period. 

Fallowing is not a viable option on fields planted exclusively to permanent 
crops such as coffee. Two regression models were made. The first retained all 
fields and included a dummy variable for the presence of coffee. A second ex­
cluded all coffee fields and contained no crop dummy variables. Because the 
results on the tenure and many other variables are consistent, only the latter 
analysis is presented, the one in which coffee fields are excluded. 

Table 6.11 shows the results of a probit regression explaining the inci­
dence of fallowing within the past 10 years by field. Several variables are sta­
tistically related to fallowing, and among them are three tenure variables. The 
set of tenure results show that fallowing is less common on customary land than 
on the other tenures, after controlling for the effects of farm size, soil fertility, 
and other variables. The likely explanation is that in customary tenure areas 
there may be greater motivation to keep all land occupied so as to prevent de­
mand for land from relatives. This supports hypothesis 4. The frequency of fal­
lowing was slightly higher in public land as opposed to mailo owner land, which 
is opposite what we had expected. The difference between them, however, is 
not significant. 

Two other variables with significant effects on fallowing are age of house­
hold head and years since acquisition of parcel. Age is positively related to the 
likelihood of fallowing and may indicate a lack of need for continuous cultiva­
tion as well as an experience factor. Somewhat in opposition to this, the longer 
a parcel has been held, the less likely it is to be fallowed. One explanation might 
be that selected fields of newly acquired parcels are being converted to coffee 
fields or otherwise undergoing significant investment, which requires intensive 
use of labor, and other fields may tend to be left uncultivated. No other variable 
was found to be significantly related to the incidence of fallowing. Among these 
are the size of farm and family labor supply, which would be hypothesized to 
be positively and negatively correlated with fallowing, respectively. 

T R E E P L A N T I N G A N D M A N A G E M E N T . All households reported hav­
ing multipurpose trees (nontree crops and nonshrubs) on their farms, and all but 
4.4 percent planted some. The average number of trees planted at the parcel 
level is 33.2 on a per hectare basis. The most common type of tree found or 
planted was fruit (mango, papaya, avocado, and jackfruit), and as many as 95.6 
percent of households had at least one on their farm. Pole and timber trees were 
found on more than half of the farms, and the remaining trees comprised those 
used for shade, soil improvement, firewood, or boundary demarcation. 

More trees were planted by farmers in the Bupadengo (customary) site than 
in Nabalanga. The difference is substantial, with an average of 53.5 per hectare 
versus 12.4 per hectare (Table 6.10). A similar disparity is observed for fruit 
trees. The comparative difference is consistent with the trends noted from an in-
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terpretation of aerial photographs in the two sites. Support for the differences in 
tree planting comes from an analysis of firewood sources. The average percent­
age of firewood coming from one 's own farm is greater in Bupadengo (81 per­
cent), where more tree planting has taken place than in Nabalanga (67 percent). 

Table 6.12 shows the results from tobit regressions explaining the density 
of tree planting and fruit tree planting. Tenure variables were found to be im­
portant for both dependent variables. Lower plantings per hectare were found 
in mailo tenant and public land households than on customary farms. The re­
sult for mailo tenant households contrasts with the result for coffee. This could 
imply that higher-value permanent investments are preferred to reduce the risk 
of eviction or that mailo tenants already have sufficient security of tenure for 
investing in permanent crops. Finally, the result could also be related to the 
weak prevalence of rights to plant timber trees, as reported in Table 6.9. The 
result for public landholders may be related to the many changes in formal le­
gal status and intended uses on the part of successive governments (see section 
on land tenure systems earlier in this chapter). Interestingly, mailo owners 
planted the same densities of trees as their counterparts in customary land. That 
mailo owners appear different from tenants and public land farmers is congru­
ent with findings in the community-level study in this chapter. 

The density of trees planted was lower on larger farms. This result is com­
patible with those found in other countries (for example, Burundi studied by 
Place [1995]). Tree-planting density was also positively related to the length of 
time the parcel had been held by the current occupant (this does not hold for 
fruit trees), which is the expected sign. Tree-planting density is also positively 
associated with good soil fertility and larger numbers of family members. Ar­
guments could be found to support results in positive or negative directions for 
these variables. A positive finding on household size may indicate that tree 
planting is generally reflective of intensification strategies. Tree planting was 
independent of tree density at the time of parcel acquisition, except in the case 
of fruit trees. Having fruit trees upon acquisition led to further fruit tree plant­
ing, perhaps because of greater access to planting materials, which are rarely 
commercially traded in rural Uganda. 

The final column of Table 6.12 shows the results from a household-level 
regression, with the percentage of firewood coming from the household's own 
farm as the dependent variable. In agreement with columns 1 and 2, the effect 
of tenure is strong, indicating a greater reliance on one's own farm in custom­
ary land than in mailo or public land. A study in a nearby district by Aluma et 
al. (1995) also found that many households in mailo areas collected firewood 
from off-farm sources, mainly on the larger mailo-owner farms (some with ab­
sentee owners). The availability of trees in such sources inhibits the investment 
in trees for firewood. Farm size effect is positive, which is the expected sign 
and indicates that the larger farms across all tenure systems can more easily pro­
vide for firewood needs. There is more own-farm collection in female-headed 
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TABLE 6.12 Determinants of tree planting 
Dependent Variable 

Trees Fruit Trees Percentage of 
Planted Planted per Fuelwood from 

per Hectare: Hectare: Own Farm: 
Tobit Tobit OLS 

Independent Variables Regression Regression Regression 
Constant -2.0316 1.7698 68.0568** 

(-0.19) (0.39) (5.45) 
Mailo owner -7.0864 -6.1392 -29.7923** 

(-0.85) (-1.67) (-2.78) 
Mailo long-term tenant -11.478* -11.722** -31.3178** 

(-1-75) (-3.76) (-3.70) 
Public land holder -15.486* -8.3455* -13.6627 

(-1.95) (-2.29) (-1.44) 
Log of farm size -10.542** -1.6668 7.3308* 

(-3.81) (-1.37) (2.14) 
Years since parcel acquired .6883** .2415** 

(3.32) (2.60) 
Sloping land ^ .6412 .5501 

(-0.91) (0.24) 
Good soil fertility 10.440* 3.9759 

(2.08) (1.78) 
Trees per hectare at acquisition -.0039 .8042** 

(-0.05) (5.96) 
Female head of household -2.9913 3.0049 19.0454* 

(-0.41) (0.92) (2.05) 
Age of household head .0941 -0.360 .2793 

(0.50) (-0.42) (1.58) 
Number of adult equivalents 3.484* -.1015 -1.2578 

(2.15) (-0.14) (-0.62) 
Log likelihood -407.4 -289.4 
Adjusted i?-squared .28 
NOTE: Figures in parentheses are r-values. 
*,05 level. 
**.01 level. 

households. Rather than being reflective of differences in tree stocks, it may be 
more related to the preferred use of existing trees. 

In relation to our hypothesis 3, it seems that tree planting has responded 
largely to availability of trees within and near the village. This is supported by 
greater self-reliance in firewood collection by households in Bupadengo. The 
results could also support the hypothesis that tree planting is used in the cus-
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tomary tenure system to help secure long-term individual rights. In other words, 
it seems clear that lower tenure security under customary land tenure institu­
tions does not immediately imply lower incidence of tree planting owing to 
tenure security-enhancing effects of tree planting. 

C R O P P I N G E F F I C I E N C Y . A number of crops are found on fields at the 
sites. The most common were coffee, plantain, potato, sweet potato, maize, cas­
sava, beans, and groundnut. Fields are equally devoted to monocultures and 
intercrops. Table 6.10 indicates that average profits were 351,381 Ugandan 
shillings per hectare of cropped fields (or about $351 in 1996-97). Although the 
absolute number of monocultures is low and thus statistical inference is 
difficult, the main crop contributing to profits is coffee. There are wide varia­
tions in profits after controlling for the presence of other types of crops, and no 
clear patterns emerge. Profits seem to be substantially higher in Bupadengo, 
although the difference is not statistically significant. Table 6.10 also shows that 
the average labor intensity was 175.2 days per hectare, with more in Bupadengo 
than in Nabalanga. Together, the results suggest that the lower profits in 
Nabalanga seem to be due to poor yields rather than excessive labor use. It 
should be noted that hired labor is much more common in Nabalanga than in 
Bupadengo, and this partially offsets the lower family input. 

Table 6.13 shows ordinary least squares (OLS) regression results, with 
profits per hectare and family labor input per hectare as dependent variables. 
Because of significant diversity of crops and intercropping, one of the regres­
sions retains all surveyed fields and uses crop dummies as explanatory vari­
ables. A second regression included only coffee plots. The latter involved a 
small number of fields, and because all but one result remained the same in the 
profit regression, only the first regression model is presented (the different re­
sults are noted in the text). 

None of the tenure variables was significant in the profit regression; there­
fore, short-term profits were not affected by tenure. This supports hypothesis 2, 
that management effort is independent of land tenure institutions. A separate 
regression omitted the crop dummies (under the assumption that tenure may af­
fect crop choice) and also found that tenure did not matter. It is not likely that 
farm-level profits are affected by tenure, either, since the proportion of area un­
der coffee, the most profitable farming enterprise, was not highly related to 
tenure. Other regressions, not reported, found that the presence of individual 
rights to sell and give land and the presence of title were not statistically related 
to profits per hectare, again supporting the second hypothesis. 

Ideally we should like to control for the impact of fallowing on soil fertil­
ity in the profit function estimation. It was, however, hard to obtain precise data 
on recent history of fallowing at the field level, as fields changed season after 
season. What is clear from Table 6.13 is that despite the shorter fallow cycle, 
the profitability under customary land tenure is not significantly lower. 

Profits are strongly linked to the presence of coffee (against the base case 
of maize). While average profit is higher for coffee, its variance is also higher. 
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TABLE 6.13 Determinants of profits and family labor use per hectare 
Dependent Variable 

Family Labor 
Profits per Hectare: per Hectare: 

Independent Variables OLS Regression OLS Regression 
Constant 125770.9 237.50** 

(0.60) (4.58) 
Mailo owner -173524.1 29.28 

(-1.04) (0.70) 
Mailo long-term tenant -132369.0 49.84 

(-1.04) (1.57) 
Public land holder -100530.1 36.54 

(-0.61) (0.89) 
Log of farm size -18947.7 -14.76 

(-0.35) (-1.09) 
Size of field (m2) -24.3** - . 01** 

(-3.29) (-5.02) 
Years since parcel acquired -4096.4 0.21 

(-1.15) (0.24) 
Sloping land 27587.1 24.25 

(0.30) (1.06) 
Good soil fertility 41990.7 11.08 

(0.43) (0.45) 
Coffee on plot 656973.4** 6.92 

(6.67) (0.28) 
Plantain/banana on plot 426158.5** -14.08 

(4.14) (-0.55) 
Potato on plot 472834.4** 68.98 

(3.21) (1.89) 
Bean/groundnut on plot -29978.3 -19.13 

(-0.20) (-0.52) 
Cassava/sweet potato on plot 309494.5* 21.84 

(2.08) (0.59) 
Female head of household -73014.5 -1.89 

(-0.60) (-0.06) 
Age of household head 1669.0 -1.12 

(0.50) (-1.34) 
Number of adult equivalents 24106.4 1.53 

(0.81) (0.21) 
Significance of F statistic .000 .000 
Adjusted /^-squared .24 .18 
Number of observations 202 202 
NOTE: Figures in parentheses are f-values. 
*.05 level. 
**.01 level. 
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Thus, higher profitability of coffee does not necessarily imply that farmers 
could improve efficiency by devoting more land to coffee. Also note that since 
coffee is a perennial crop, the rigorous comparison of the profitability requires 
the assessment of the present values of the different land uses. Similarly, profits 
from fields with plantains (a staple food), potato, or cassava were higher than 
those from fields with maize. The only other variable significantly related to 
profits per hectare was the size of the field, which has a negative sign. Profits 
could be higher on smaller parcels owing to higher payoffs from a greater in­
tensity of labor effort (found in the second column). 

In the family labor intensity regression, tenure is again found to be un­
important. The size of field is significantly and negatively related to labor in­
tensity. This may be linked to management practices whereby farmers visit cer­
tain fields on a particular day, thus spending more time per hectare for smaller 
fields. It could also reflect recall errors. The other variable of statistical signifi­
cance is the dummy for potato, which is positively related. 
Summary and Conclusions from Intensive Study 
It was postulated that incentives to plant and grow commercial trees, such as 
coffee, may not be thwarted by weak individual land rights under customary 
tenure institutions because of the land rights-enhancing effect of tree planting. 
We provided evidence to support this: namely, that both the incidence of plant­
ing coffee trees and its profitability are largely independent from land tenure in­
stitutions. These findings are consistent with the findings of Chapters 3 and 4. 
It will be fair to conclude that customary land tenure institutions do not impede 
the investment in trees and subsequent management activities. 

This does not imply, however, that land tenure does not matter in agricul­
tural decisionmaking. On the contrary, we found evidence that fallowing is less 
frequent under the customary tenure system, which indicates that land rights 
are significantly weaker under this institution. This is also consistent with the 
findings of the Ghana study (Chapter 3). Continuous use of land will be 
inefficient in the absence of fertilizer use and may lead to loss of soil fertility 
in the long run. Moreover, occupants of mailo and public lands relied to a much 
greater extent on collection of firewood outside their farms, implying that un­
der the customary system there is a greater degree of conversion to agriculture, 
resulting in loss of tree cover at the community level (as found in the extensive 
study earlier in this chapter). 

Larger farms, which tend to be related to the mailo tenure system, were 
found to be related to a smaller proportion of planted coffee areas and lower 
density of other trees planted. However, farm size was not related to profits per 
hectare, so that there is no indication that the tenure systems have a significant 
indirect impact on efficiency through effects on landholdings. 

If factor markets worked, renting out land on a temporary basis or hiring 
in labor would remove such inefficiency. Labor contracts, however, are difficult 
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to enforce effectively because of high policing costs. Thus, it is land rental mar­
kets that can significantly contribute to the efficient allocation of land and labor 
across farms in practice (Hayami and Otsuka 1993). In our study, however, we 
failed to identify why land rental markets do not work in the context of Uganda. 
It could be due to incomplete rights of land owners or tenancy regulations. How 
pervasive the inefficiency of large farm size is and what factors prevent land 
rental markets from working need to be investigated further. 

Overall Summary and Policy Impl i ca t ions 
Our study has compared land and tree management and agricultural efficiency 
across different tenure systems in Uganda. By using econometric techniques, 
the effect of tenure could be quantified and isolated from the impacts of other 
variables. We found that conversion of land use from woodlands to agriculture 
was more rapid under the customary tenure system. Conversion was less under 
mailo and public tenure systems, in which more private or public controls were 
in place. Tree cover on agricultural land at the community level was found to 
be greater in the mailo tenure system, especially in sites where resident (as op­
posed to absentee) owners were more common. The extensive study of 64 
parishes was not able to ascertain whether this reflected preservation of trees or 
planting of trees, though both have taken place to some extent. The household 
study, though only of two parishes, would indicate that such an outcome is more 
linked to preservation of trees than to planting of trees. One reason is that we 
found quite a bit of inequality in farm holdings in the mailo area, with a good 
number of relatively large farms. Another reason is that tree planting per se was 
considerably higher in our customary tenure site as opposed to the mailo tenure 
site. Therefore, although customary tenure appears to lead to reduced tree cover 
through greater land conversion, the system provides sufficient incentives for 
tree planting on the converted land. We found evidence to suggest that part of 
the reason for planting trees on customary land may in fact be linked to expected 
increase in tenure security. Conversely, investment in fallowing was much 
lower in customary land than in mailo land. Whereas investing in trees can en­
hance tenure security, investing in fallowing may have the opposite effect and 
lead to intrafamily demands for use of "idle" land. In terms of agricultural 
efficiency, as measured by profits per unit of land area, we did not find that any 
particular tenure system in Uganda was superior to others. 

Given rapid population growth, as well as a lack of employment opportu­
nities in nonagricultural sectors, the conversion of nonagricultural land to agri­
cultural fields will continue to some degree. The new Ugandan Land Act should 
enable such processes to be negotiated and conducted with fewer uncertainties 
and conflicts than has occurred in the past. This is because the new act has re­
scinded previous state control over all the lands of Uganda and thus has har­
monized legal and commonly held perceptions over land tenure rights. This will 
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further help to clarify long-term rights over land and trees and may promote in­
vestments in resources. Given the increasing importance of agricultural land, 
in order to increase the tree resource base to meet basic wood product demands 
of the population, the feasible strategy is to support tree planting on agricultural 
land. This strategy is compatible with farmers' incentives, as long-term land 
use rights are for the most part well established on agricultural land or enhanced 
by tree planting (with the exception of some tree tenure rights among mailo ten­
ants). Tree-planting programs would certainly be appropriate, and our analysis 
suggests that land tenure and infrastructure policy can also play a catalyzing 
role in changing the stock of tree resources on agricultural land. This result is 
notably different from evidence pertaining to virgin forest areas in the Amazon 
(Fujisaka et al. 1996). Conversely, we found that the maintenance of tree stocks 
on nonagricultural land, where tenure rights are less clear, is more difficult. 

One of the reasons we were unable to identify much difference in agri­
cultural productivity between tenure systems is that nearly all farmers em­
ployed low-input farming systems. The data from the extensive community sur­
vey show that the use of purchased inputs and long-term investments is very 
low, irrespective of geographical area or tenure system. While it could be that 
one of the reasons for such a lack of investment is ambiguities in the tenure sys­
tems (for example, overlapping rights of mailo owners and long-term tenants), 
we interpret such a finding as pointing to other constraints. Likely constraints 
include poor information (for example, awareness of options for investment), 
poor input markets, and absence of rural credit. Improvement in these areas ap­
pears to be the most critical first step in boosting agricultural productivity. If 
these constraints are removed, long-term investments in agricultural intensi­
fication will be stimulated, which will help strengthen individual land rights. 
The individualization of land rights, in turn, will promote not only investments 
but also a land rental market that would further improve efficiency of land use. 
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7 Management of State Land 
and Privatization in Vietnam 
TOWA TACHIBANA, TRUNG M. NGUYEN, 
AND KEIJIRO OTSUKA 

After Vietnam gained its independence from France in 1954, its government 
nationalized agricultural land and the large area of forestland. Cooperatives 
were then set up to serve as the basic management unit of agricultural produc­
tion under a collective system. Collective farm work was organized under the 
leadership of cooperatives. After the end of the Vietnam War in 1975, the re­
unified Vietnamese government attempted to extend the collective system to 
the south. The collectivization, however, led to food shortages in the whole re­
gion of reunified Vietnam beginning in the late 1970s (Pingali and Xuan 1992). 

Henceforth, the government began to implement drastic tenure reforms, 
which abandoned the collective farming system in favor of a virtual privatiza­
tion of arable land. Major reforms governing this transition are Directive 100 
in 1981, Resolution 10 in 1988, and the Land Law of 1993 (Pingali and Xuan 
1992; Hayami 1993; Kerkvliet and Porter 1995). Directive 100 introduced the 
production contract system under which farmers individually carried out crop 
care and management on land under lease from a cooperative for a specific pe­
riod, even though land preparation, irrigation management, and input distribu­
tion were collectively carried out. Resolution 10 strengthened private use rights 
over arable land by officially assigning use rights to individual farm households 
on the basis of 15-year renewable leases and delegating the whole decision­
making authority over farming to individual farmers. Furthermore, by Resolu­
tion 10, the monopolistic distribution system of farm inputs and outputs by co­
operatives was abolished. The 1993 Land Law allows the transfer of private use 
rights over arable land under certain conditions.1 These new policies pertain­
ing to the agricultural sector have been supported by the Doi Moi policy, which 
the Vietnamese government commenced in 1986 to transform the centralized 
communist economy into a market economy. The economic reform has pro-

We are particularly grateful for constructive comments on an earlier version by Dao The Tuan, John 
Pender, and Yujiro Hayami. This chapter draws partly on Tachibana, Nguyen, and Otsuka (2001). 

1 . Under the current constitution, however, land and other natural resources in Vietnam are 
owned by all the people. 
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vided farmers with an enhanced incentive to engage in commercial agricultural 
production (Irvin 1995). 

Vietnam has experienced significant deforestation during the socialist pe­
riod. Forestland was lost at an annual rate of 2.3 percent between 1965 and 
1989, which was the highest among low-income countries and much faster than 
the 1.3 percent deforestation rate in former and current socialist countries be­
tween 1980 and 1990 (World Bank 1992). As of 1987, 13 million hectares, or 
40 percent of the whole area of the country, had been converted from dense for­
est to so-called bare hills. 

In Vietnam, as in many other developing countries, the expansion of agri­
cultural land, particularly that of shifting-cultivation area, into hitherto un­
cultivated land has been a principal cause of deforestation (Rowe, Sharma, and 
Browder 1992).2 An official document argues that "shifting cultivation is a ra­
tional method of food cultivation in mountain areas where flat or slightly slop­
ing land suitable for intensive agriculture is in extreme short supply" (Vietnam, 
Ministry of Forestry 1991:113). It is also argued that "food crop cultivation on 
forest land may bring an income of 4-5 times higher than from cultivation of 
forest tree crops" (Vu Hoai 1993:21). Recently, however, the pace of defor­
estation has declined and that of reforestation increased. Such observation sug­
gests that various economic reforms implemented in recent years, particularly 
reforms to strengthen individual land rights, have been conducive to prevent 
deforestation and to promote reforestation. 

A unique characteristic of the Vietnamese land tenure reform is the allo­
cation of forestland to individual farmers, which even developed countries 
have not implemented historically (Hayami 1993).3 As early as 1983, the Viet­
namese government began to allocate some forestland to farm households 
(Sikor 1996). This process accelerated after 1993. Forestland, mainly the bar­
ren area, has been allocated to volunteer farm households on the basis of a 50-
year lease under the condition that the recipients undertake reforestation by 
means of tree planting and regeneration. 

This chapter assesses the impacts of various tenure reforms of both forest 
and agricultural lands on forest conditions in the northern hill region of Viet­
nam, where flat lowlands along rivers coexist with hilly upland areas of forest 
and agricultural land. In such geographical conditions, the choice between agri­
cultural intensification in the flat lowland and extensification (that is, expansion 
of farmland) into the marginal forest area is highly relevant, as argued by clas­
sical economists (Ricardo 1821: chap. 2). Inadequate work and management 
incentives under the collective farming system might have led to low produc-

2. See Angelsen (1995) for a view opposing this dominant view. In our observation, how­
ever, his argument does not apply to the case of northern Vietnam. 

3. According to the Land Laws of 1988 and 1993, forestland is defined as the area with slopes 
greater than 25 degrees. 



236 Towa Tachibana, TrungM. Nguyen, and Keijiro Otsuka 
tivity in lowland farming, which in turn may have stimulated the expansion of 
farmland into forest areas to produce sufficient food staples. Thus, in addition 
to land tenure reforms in upland forest areas, in which shifting cultivation is 
practiced, tenure reforms in the lowland can affect forest resource conditions 
through their effects on farmers' choice between agricultural intensification and 
extensification. 

In the Appendix of this chapter, we develop a simple dynamic model of 
land use, which considers not only the choice between the intensification of 
lowland agriculture and the extensification into forestland but also the choice 
of fallow cycle under shifting cultivation in the upland area. By applying the 
model to commune-level data, we explore the impacts of various tenure reforms 
on forest conditions in the northern hill region of Vietnam. We also examine 
the impacts of forestland allocation to individual farmers on the use of such land 
using household data. 

This chapter proceeds as follows. We provide a brief description of field 
sites in the next section. Then, using the extensive survey data, we present the 
results of regression analyses examining the effect of tenure reforms on low­
land rice production per capita and upland cropping intensity in 1978, 1987, 
and 1994, as well as on the changes in denuded forest areas and in reforestation 
areas for the periods 1978-87 and 1987—94. We then summarize the results for 
the extensive study. Using the intensive household survey data, we analyze how 
individual farmers use newly acquired forestland for different purposes in­
cluding tree planting. The policy implications are discussed in the final section. 

Study Sites 
The northern hill region, in which our study sites are located, has a large forest 
area, accounting for about 20 percent of the total forest area in Vietnam as of 
1994 (Vietnam, Department of Agriculture, Forestry and Fishery 1996). The 
forest area was supposed to be protected and managed by cooperatives with a 
view to conserving the natural environment. The area, however, has experi­
enced drastic deforestation since the late 1970s, which was faster than the na­
tional average (Sikor 1996). Two notable characteristics of the northern hill re­
gion—shifting cultivation and significant in-migration—are often referred to as 
the main causes of this drastic deforestation. 

The majority of hill inhabitants have been ethnic minorities. Some of 
them, such as Thai and Tay, have mainly engaged in paddy cultivation; the oth­
ers, such as Dao and San Chay, have traditionally practiced shifting cultivation. 
After independence from France in 1954, the area had accepted a huge influx 
of migrants from the lower Red River delta region under the government pro­
gram, even though this area was a food deficit area (Cue, Gillogly, and Rambo 
1990; International Food Policy Research Institute 1996). Most of these mi­
grants were Kinh, the major ethnic group in the country. When the nationwide 
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food shortage occurred in the late 1970s and the early 1980s, farmers expanded 
shifting-cultivation areas by clearing forests, which were freely accessible by 
commune members. 

By nature, deforestation is a dynamic process, and as such, data on forest 
conditions at different points in time are needed to analyze factors affecting de­
forestation. Fortunately, official data on forest areas are available at the com­
mune level, which is the lowest local administration unit consisting of several 
hamlets, in 1978,1987,1991, and 1994. Since the 1991 forest data seem to have 
limited coverage of forest conditions, we use them only for the analysis of re­
forestation. Forest areas are classified on the basis of estimated tree volume den­
sity: for example, bare land, newly planted area, and rich, medium, poor, and re­
nascent forests. These forest inventories and measurements were mainly based 
on visual inspection by local forestry officials, while aerial photographs were 
utilized in two out of seven districts of our sample in the 1980s.4 Considering 
the difficulty of measuring the forest areas in the absence of aerial photographs, 
data on forest area by type are likely to be crude. The present study focuses on 
deforestation area, that is, the changes in bare land area, which is denuded as a 
result of complete clearance for shifting cultivation. In contrast, a forest is not 
totally denuded by logging because selective felling is generally practiced. 
Compared with the areas of forests classified by estimated tree volumes, the size 
of entire bare land is less likely to be subject to measurement errors. From the 
data on bare land, we obtained the deforestation rate for the periods 1978—87 
and 1987-94. The former corresponds to the periods of food shortage, whereas 
the latter corresponds to the period of tenure and other reforms. 

Because of several administrative changes and the inappropriate storage 
of official documents, data collection was far from simple for both forest in­
ventory and agricultural production records at the commune level. We had to 
solicit the cooperation of a large number of local government officials. For the 
sake of collecting reliable and consistent data, we limited the survey areas to a 
manageable number of provinces and districts. We selected Bac Thai and Son 
La Provinces, where our collaborating institution, the Vietnam Agricultural 
Science Institute, had prior on-site projects and established its presence (see 
Figure 7.1). Both provinces share the typical geographical conditions in the 
northern hill region, particularly a limited area of lowland along rivers and be­
tween hills. Bac Thai Province is representative of the hilly northern midlands 
in terms of forest cover, whereas Son La Province is one of the most denuded 
areas in the northern mountainous region. We collected data from 62 randomly 
selected communes altogether. After dropping 6 communes that experienced 

4. At the national level, there are three sets of aerial photos taken for forest inventory, those 
in 1975-79,1985-87, and 1993-94. Because of several administrative changes, both the local and 
central government officers of forestry are not sure how these photos were utilized in generating 
the forest inventory data in our field sites. 
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FIGURE 7.1 Location of study sites in northern Vietnam 

changes in administrative boundaries, we use data from 29 communes in Bac 
Thai Province (out of 65 in the three selected districts of Phu Luong, Dinh Hoa, 
and Cho Don) and 27 communes in Son La Province (out of 62 in the four se­
lected districts of Yen Chau, Mai Son, Son La Town, and Thuan Chau). Thus, 
total sample size in the extensive community study is 56. All these selected 
communes are predominantly agriculture-based with very few nonfarm house­
holds. Most villages have some irrigated paddy fields in lowlands along rivers 
and streams, rainfed (nonirrigated) lowlands, and upland fields that are offi­
cially on sloped areas of less than 25 degrees. Average rainfall in Bac Thai 
Province is about 1,800 millimeters per year; that of Son La Province, 1,380 
millimeters. The highest altitude in Bac Thai Province is 920 meters, which is 
lower than the highest peak of 1,270 meters in Son La Province. In general, 
communes in Son La have larger hilly areas than those in Bac Thai. 
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We have chosen the commune of Yen Do in the Phu Luong District of Bac 

Thai Province as the site for the intensive household survey. Yen Do is located 
approximately 150 kilometers north of Hanoi. Owing to the paved highway, it 
takes only three hours from Hanoi to reach this commune by car. Compared 
with other areas in the northern midlands, this commune is located at lower al­
titudes, the highest of which is 400 meters, and has relatively flat land that is 
used for paddy cultivation. Many small hills, which look like teacups placed 
upside down, are scattered in the midst of the lowland. 

Since forestland allocation has not been implemented in Son La Province, 
Bac Thai is obviously more appropriate for the intensive survey, which is con­
cerned with the effects of change in land tenure institutions. We have chosen 
Yen Do for two specific reasons. The first is that Yen Do is known to have many 
traditional private forests, which have been developed historically on small 
hills. In the hill and mountainous regions, the Vietnamese government did not 
implement the land collectivization program thoroughly, and as a result many 
small forests were left intact under private management. We are particularly in­
terested in the comparison of the management of traditional private forests with 
that of newly allocated forests under the land privatization policy. The second 
reason is that Yen Do hosts several reforestation projects. Through the assis­
tance of the cooperatives, the provincial government implemented tree plant­
ing projects in the 1980s. From 1990 to 1993, the World Food Programme im­
plemented a reforestation project in Yen Do, which is popularly called PAM 
project. These projects promoted the planting of nonlocal tree species, such as 
eucalyptus and acacia, for pulp and timber production. We are interested in the 
comparison of investment behavior in tree planting between project-assisted 
cases and cases determined by farmers' own initiatives. 

Out of 1,100 households in the commune of Yen Do, we have randomly 
selected 250 households that hold some farmlands. This site is predominantly 
an agricultural area, and fewer than 2 percent of households do not have any 
lowland farms. There are 17 villages in this commune, and 250 households 
were sampled in total with the proportion from each village corresponding to 
the proportion of village households to total commune households. 

Extensive Study 

Population Pressure and Deforestation 
As shown in Table 7.1, population growth in both Bac Thai and Son La 
Provinces was fast in both the 1978-87 and 1987—94 periods, with acceleration 
from the former to the latter period. Such high population growth in these ru­
ral areas occurred partly because interregional migration from rural to urban ar­
eas was prohibited in Vietnam. In Son La, high population growth in the period 
1987-94 took place mainly because the Kinh people formerly residing in the 
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TABLE 7.1 Changes in average population in selected communes 
Population Proportion 

Population Growth Rate ofKinh 
1978 1987 1994 1978-87 1987-94 1994 

(percentage/year) (percentage) 
Bac Thai 1,957 2,575 3,307 2.9 3.8 27.1 
Son La 2,302 3,128 4,479 3.5 4.9 12.2 
SOURCE: Extensive survey. 
NOTE: Average of 29 communes in Bac Thai and 27 communes in Son La. 

hydroelectric dam site of Hoa Binh Province were moved to Son La by the gov­
ernment. How the government allocated those migrants to various locations in 
mountainous regions is not clear. It is, however, questionable whether they 
were allocated to various communes primarily in accordance with the avail­
ability of unexploited forestland suitable for cultivation. The soil fertility, the 
size of paddy land, and a host of political considerations most likely affected 
the government decisions. Aside from this recent migration, the large-scale mi­
gration programs to the mountainous regions were implemented mostly before 
the 1980s.5 The prohibition of voluntary out-migration and the implementation 
of involuntary immigration programs by the government suggest that the local 
population and its growth rate are fairly exogenous or largely unaffected by the 
rate of deforestation or the availability of unexploited forestland. The average 
size of population in communes and its average growth rate were higher in Son 
La Province, whereas the proportion of Kinh, which is the majority group in 
Vietnam, was larger in Bac Thai Province. On the other hand, between Bac Thai 
and Son La Provinces, there is no appreciable difference in average distance to 
the subdistrict capital from communes (18 kilometers for both provinces) and 
average slope, measured by the difference between the highest and the lowest 
altitudes (440 meters and 496 meters, respectively). The proportion of com­
munes situated in fertile soil, which is denned to include reddish yellow humic 
soils, is higher in Son La (17 of 27 communes) than in Bac Thai (12 of 29 com­
munes). This is consistent with the results of our interviews with commune 
leaders, which show that fallow periods of 6.4 and 3.3 years used to be required 
in the 1970s for the restoration of fertility of upland farms in Bac Thai and Son 
La, respectively. Although the reported fallow periods may seem very short, 
they are likely to reflect frequent cropping of nitrogen-fixing legumes. Fallow 

5. Judging from the low correlation between the population growth rates and the population 
ratio ofKinh group in 1994, the in-migration ofKinh group from the Red River delta region seems 
to have taken place mainly before 1978, which is consistent with the results of our informal inter­
views. 
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periods were also short because the cultivators easily lose cultivation rights 
without frequent cropping in the absence of clear individual use rights. Fallow 
periods in recent periods became shorter, even though it was difficult to obtain 
the relevant data from the farmers, because the prohibition of shifting cultiva­
tion has been more strictly enforced. 

Rapid population growth in the first period was associated with rapid de­
forestation (Table 7.2); bare land in forest areas increased from 1978 to 1987 
by about 32 percent in Bac Thai and by 47 percent in Son La. As a result, the 
ratio of bare land to total forest area, which includes bare land, approached 55 
percent in Bac Thai and reached 75 percent in Son La in 1987. Bare land area 
per capita, however, did not change much during this period in both provinces. 

It is interesting to observe that the expansion of bare land slowed down 
considerably from the first period (1978—87) to the second period (1987-94), 
despite the accelerated trend of population growth. In fact, bare land per capita 
declined significantly from 1987 to 1994 (see numbers in parentheses in Table 
7.2). It seems clear that a structural change in the management of forest areas 
took place between the two periods. Specifically we hypothesize that agricul­
tural reforms, which include the establishment of the individualized farming 
system, the liberalization of market transactions, and the allocation of long-
term use rights over forestland, led to intensification of lowland farming and re­
duced incentives to cultivate less fertile upland for production of food crops. 
One may also argue that increased employment opportunities in the nonfarm 
sector reduced incentives to engage in upland farming. 

Deforestation was more pronounced in Son La than in Bac Thai Province 
in terms of the rate of bare land expansion, the ratio of bare land to forestland, 
and bare land per capita. One reason is higher fertility of upland soil in Son La, 

TABLE 7.2 Average deforestation rate in selected communes 
Proportion 

of Bare Land 
to Total 

Forest Area3 

1978 1987 1994 

Annual 
Increase in 

Bare Land Area 
per Commune 

1978-87 1987-94 

Average 
Forest Area 

1994 

76.8 

(hectares) 
2,235 
5,619 

(percentage) (hectares) 
Bac Thai 41 54 58 32.7 4.8 

(0.52)b (0.51) (0.41) 
Son Lai 51 75 84 145.0 

(1.18) (1.29) (1.02) 
SOURCE: Extensive survey. 
"Total forest area includes bare land area. 
bNumbers in parentheses are bare land area per capita in hectares. 
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TABLE 7.3 Average lowland area and lowland rice production per capita in 
selected communes 

Lowland Area 
per Capita 

Lowland Rice 
Production per Capita 

1978 1987 1994 1978 1987 1994 
(hectares) (kilograms) 

Bac Thai 0.098 0.077 0.066 276 250 242 
Son La 0.038 0.028 0.021 129 111 114 
SOURCE: Extensive survey. 

which increases the profitability of shifting cultivation on upland areas. Another 
reason, which is likely to be more important, is the smaller endowment of low­
land, particularly paddy fields, per capita in Son La Province (Table 7.3). 
Farming Systems 
Since lowland area suitable for intensive rice farming had been exhausted quite 
some time ago, there was no opportunity to expand lowland areas in our study 
sites in the 1980s and 1990s. Thus, lowland area per capita continued to decline 
with population growth, as demonstrated in Table 7.3. 

In both Bac Thai and Son La Provinces, the majority of lowland area is ac­
counted for by paddy fields, and less than one half of lowland area has been ir­
rigated, in which case two crops of rice were generally grown. Lowland rice 
output per capita declined appreciably from 1978 to 1987 but stopped declin­
ing from 1978 to 1994, despite the declining lowland area per capita. In con­
trast, increases in paddy yield per unit of land accelerated. Yields of paddy per 
hectare during the main season increased from 2.3 tons in 1978 to 2.8 tons in 
1987, and to 3.0 tons in 1994 in Bac Thai, whereas the corresponding figures 
were 2.5,2.8, and 3.5 tons in Son La. Such increases in rice yields would have 
been made possible by the strengthened decisionmaking authority of individ­
ual farmers resulting from increased tenure security and by the improved mar­
keting efficiency of agricultural inputs, including fertilizer, due to the disman­
tling of agricultural cooperatives and promotion of private-sector marketing 
(International Food Policy Research Institute 1996). 

In Bac Thai, declining lowland rice output per capita from 1978 to 1987 
was associated with increasing upland area planted to annual crops, particularly 
upland rice, to compensate for the declining availability of lowland rice dis­
tributed by the government. The rice market was liberalized later in the 1980s 
when rice production in mountainous region improved owing to tenure reform 
(International Food Policy Research Institute 1996). In Son La, upland culti­
vation area per capita was much larger, but the intensity of cultivation declined 
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modestly for the same period (Table 7.4).6 Upland cropping intensity, which is 
measured by the ratio of upland area planted to annual food crops to cultivable 
bare land area (that is, total bare land minus rocky area), declined appreciably 
from 1987 to 1994. Cultivated upland area also declined absolutely for the same 
period. Such a decline in upland cultivation, if continued, will lead to regener­
ation of forest areas, which, in fact, has been taking place widely according to 
our own observations. In other words, massive deforestation was followed by 
buoyant reforestation in northern hill region of Vietnam. 

Two other interesting findings emerge from Table 7.4: an increase in com­
mercial tree crop area and a decrease in yields of upland food crops represented 
by cassava, particularly in the latter period. In the shrinking upland cropping 
area, the proportion of perennial commercial crop area drastically increased 
from 1987 to 1994. The upland area planted to tea expanded in Bac Thai, while 
the area of mulberry, fruit trees, and coffee expanded in Son La. According to 
our interviews with village elders and other farmers, tree planting was carried 
out by many farmers (not particularly by wealthy farmers) when land rights on 
sloping upland were granted. Tree-planting projects were implemented in some 
villages in Bac Thai, but their coverage accounts for relatively small areas. Dur­
ing our field trips, we found a large number of young tree gardens. 

Soils on sloping upland are not infertile at the time of conversion from vir­
gin forests, but their fertility declines rapidly with frequent cropping. The yield 
of cassava, which usually grows well even on infertile soil, was low in both 
provinces and declined in Son La in 1994.7 This observation supports the hy­
pothesis that excessive shifting cultivation without technological change dur­
ing the food shortage period degraded upland soil.8 

Table 7.5 shows the indicators of implementation of Directive 100 and 
Resolution 10, in terms of the proportion of the area covered by these programs 
to total lowland fields. Since both Directive 100 and Resolution 10 were im­
plemented almost completely in lowland areas, it may be difficult to detect sta­
tistically their impacts on intensification of lowland from our cross-sectional 
data. Table 7.5 also shows the proportion of communes to which forestland was 
officially distributed with use rights of 50 years by 1993 and 1994. According 
to these statistics, the forestland distribution was implemented faster in the 
communes in Bac Thai Province than in Son La Province. 

6. Since cultivation in forest areas had been formally prohibited, the upland cropping area 
in official statistics would be grossly underestimated. We may safely assume, however, that the true 
area of upland farming was roughly proportional to the numbers reported in official statistics. 

7. Cue, Gillogly, and Rambo (1990:69) report that high yields of cassava from 15 to 18 tons 
per hectare were found on recently cleared land in another area of the northern midland. 

8. There has been no major technological change in upland farming. Fertilizer and manure 
application is ineffective unless fields are terraced or bunded, for which investment is needed. There 
had been, however, few incentives to invest in land improvement until recently, when individual 
land rights were granted. Thus, there had not been high-input food cropping on upland areas. Green 
manure application started only in the 1990s, according to our observation. 
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TABLE 7.5 Extent of tenure reform implementation in selected communes 

Directive 100 
in 1987a 

Resolution 10 
in 1994a 

Forest Land 
Distributionb 

1993 1994 
(percentage) 

Bac Thai 77.3 78.6 41.3 62.1 
Son La 94.8 97.2 0.0 22.2 
SOURCE: Extensive survey. 
"Proportion of area under the program to total lowland area. 
bProportion of communes in which the program was implemented. 

Several explanations are possible for declining food-cropping intensity on 
upland areas in the recent period. First, increased production of lowland rice re­
duced incentives to grow upland crops, particularly upland rice. Second, 
strengthened use rights on forestland reduced incentives to grow food crops. 
Actually, in the past, forestland had been open access for commune members, 
and, hence, the cultivation rights could have been secured only by continuous 
cultivation.9 Third, the establishment of long-term use rights on forestland in­
duced planting of perennial crops, such as mulberry, coffee, tea, and fruit and 
timber trees, as well as farmers' efforts to regenerate natural forests for future 
sale of timber. The degraded upland soil also led farmers to plant perennial 
commercial crops rather than annual food crops. Fourth, improved access to 
market and improved marketing efficiency reduced the need to rely on locally 
produced foods and facilitated the sale of forest products for the purchase of 
rice and other food items produced in the Red River delta areas. 
Theoretical Framework 
In the tradition of economics, there have been two competing views on the in­
teraction between the development of agricultural production and deforesta­
tion. Classical economists, among whom David Ricardo (1821: chap. 2) is rep­
resentative, distinguished two ways to increase agricultural output: intensifying 
the use of the existing cultivated area and increasing the extensive margin, that 
is, the expansion of agricultural land. In this view, farmers compare the net re­
turn from the "intensification" of the existing farms with that from "extensi­
fication" of farm area (Hayami 1997). When farmers choose the latter, de-

9. In the field sites, Dao, Kho Mu, San Chay, and Xinh Mun ethnic groups were tradition­
ally engaged in rotational shifting cultivation within specific areas of upland forests. In this system, 
each family owned generally secure use rights over the whole rotational area. In the period of food 
shortage, however, the expansion of upland cultivation by the other ethnic groups made traditional 
use rights less secure. 
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forestation takes place in the form of the loss of forest areas. Later, Boserup 
(1965) criticized the classical economists' view based on the observations that 
shifting cultivation is the common practice in primitive agriculture. In shifting 
cultivation, clear distinctions can hardly be drawn between existing and new 
farms. Boserup maintains that agricultural production systems evolve by adopt­
ing more intensive methods of land use, which is induced by population pres­
sure and manifested in more frequent and prolonged cropping intervals. In this 
view, deforestation mainly takes place in the form of less tree cover in shifting-
cultivation areas owing to shortened fallow periods. 

Recent models of deforestation do not formalize the insights of both clas­
sical economists and Boserup. Without considering intensification as an alter­
native strategy, Ehui, Hertel, and Preckel (1990) and Barbier and Burgess 
(1997), for example, compare the benefit of preserving forest area with that of 
converting it into farmland. In their framework, an increase in the profitability 
of agriculture due to technological change leads to greater deforestation.10 Such 
a framework has relevance for deforestation in areas in which the existing farm 
area and newly converted area are relatively homogeneous, so that there is no 
clear difference in the cost of intensification in both areas. A typical example 
of such an area may be relatively flat woodlands in Sub-Saharan Africa on 
which Ehui, Hertel, and Preckel (1990) and Barbier and Burgess (1997) seem 
to focus. Elnagheeb and Bromley (1994) provide empirical support to their 
view. Trade-offs between intensification and extensification arise, however, 
when the cost of intensification is vastly different between the existing and 
newly developed farms and intensification in the existing and more productive 
land requires additional resources, which otherwise would have been allocated 
to forest clearance. 

We construct a model that explicitly incorporates geographical and his­
torical features of our field sites discussed earlier in the chapter: namely, a clear 
distinction between lowland and upland, the prevalence of shifting cultivation 
in upland, an in-migration from other provinces, and various tenure reforms in 
lowland and forest areas. The model describes a dynamic optimization prob­
lem of the representative farm family in a commune. We adopt this analytical 
unit because the actual implementation of various tenure reforms has depended 
on the commune as the administrative unit. We may be able to capture the im­
pacts of tenure reforms through the cross-sectional variation among sample 
communes, in addition to the change in trend over the sample periods. 

The representative family is assumed to maximize the benefit from agri­
cultural production over time given the total amount of work at each point in 

10. Barbier and Burgess (1997) suggest that an increase in agricultural yield would reduce 
deforestation, as it implies more production from existing arable land. In their framework of de­
forestation comparing the benefit from agriculture with that from timber production, however, an 
increase in agricultural yield should increase the benefit of converting forest to agricultural area. 
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time.1 1 The geographical conditions in the northern hill region render the agent 
three ways to expand the agricultural production: intensification in lowland, ex­
tensification of shifting-cultivation area, and depriving intensification (see the 
Appendix for the rationale behind this term) in the cleared upland area. The pos­
sibility of technological change for upland farming is ruled out, as it is practi­
cally infeasible to develop and disseminate new useful technology for upland 
farming on a large scale. Although the first and the last options accompany in­
tensification, intensification in uplands is fundamentally different from that in 
lowlands. The depriving intensification in uplands takes the form of larger area 
of cultivation within the existing area of rotational shifting cultivation, which 
leads to shorter fallow periods and to degradation of upland soil. Unlike in­
tensification in lowlands, depriving intensification is not accompanied by a 
technological and institutional improvement. Both extensification and depriv­
ing intensification of upland fields cause deforestation. The former reduces the 
forest area, and the latter deteriorates the tree cover in the rotational shifting-
cultivation area (secondary forest). In reality, almost all farm households have 
practiced both lowland and upland farming with some exceptions in Bac Thai, 
which are endowed with larger lowland paddy areas per capita. 

There are a couple of empirically important results from the solution of 
the dynamic model of forest and upland use developed in the Appendix. First, 
it is shown that an improvement in lowland production efficiency leads to a 
small upland cultivation area and a lower deforestation rate along the steady 
state. A critical assumption, which led to this conclusion, is the absence of la­
bor market: increased labor demand for lowland farming diverts labor from up­
land because of the lack of opportunity to hire additional labor. Second, it is 
also established that an increase in endowment of family labor (associated with 
population growth) leads to expansion of upland areas at the expense of forest 
areas. 
Determinants of Deforestation 

E M P I R I C A L S P E C I F I C A T I O N . We attempt to evaluate statistically the 
consequences of changes in various exogenous factors on deforestation and re­
forestation. Our main interest lies in quantifying the effect of tenure reforms 
implemented in the 1980s and the 1990s. Although we have developed the for­
mal dynamic model, the specification of the estimation function is not different 
from equation (2) less formally developed in Chapter 2, which also relates 
changes in natural resource management with exogenous variables and initial 

11. The family is assumed to place no value on leisure of its members up to a given level. 
This would not be an unrealistic assumption under the persistent food shortage in the 1970s and 
the 1980s. To account for the effects of significant number of in-migrants, we assume that the size 
of the representative family expands when migrants settle in the commune. This specification is not 
unrealistic because cooperatives in the socialist period continuously reallocated lowland area 
equally to new and incumbent members. 
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conditions. The dynamic model, however, theoretically predicts the effects of 
certain key variables. 

The first-order conditions of the model indicate a recursive determination 
of endogenous variables. In other words, we can implement regression analy­
sis first on lowland labor use (L) and upland cropping intensity (s) and then on 
deforestation rate (D) using the predicted values of Lt and s. As a first-order ap­
proximation, we assume that optimum L{ and s (given by equations [17] and 
[18] in the Appendix) can be explicitly solved in linear forms: 

Lt = a 0 + otj TA + a2El + a3P + a4Tu + a5a + a6c (1) 

s = p0 + p , T, + P2£, + %P + p4fu + p5a + p6c, (2) 
where a . and p. are parameters; T, is lowland farm area, which is fixed; Et is 
lowland production efficiency, which would be affected by tenure policies; P 
represents the relative price of upland food crop to rice; Tu refers to the total 
upland area under rotational shifting cultivation; a stands for the unit cost of 
clearing forest; and c is the cost of protecting upland fields arising from the in­
security of tenure. Since the model does not provide any structural relation be­
tween Lt and s, these are simply reduced forms. Note that we use per capita T} 
and Tu to normalize the effect of the size of population.12 As another first-
order approximation, we assume that the optimum deforestation area can be 
solved in linear form.13 

D = YQYJMI + y2Ll + y3s + y4P + y5a + y6c + y7Tu, (3) 
where M l represents the migration and population growth, and L; and s are de­
termined in equations (1) and (2). If we further assume that the system is al­
ready in steady state, equation (3) can be further simplified as : 1 4 

D = Y0y,MI + y2L, + y3s + y4P + y5a + y6c. (4) 
Note that lowland production efficiency (E) does not appear in equation 

(4). In the steady state, E; indirectly affects D only through its effects on Lt and 
s. But the drastic reform of tenure system and other economic policies toward 
market economy may make the assumption of steady state unrealistic. Further­
more, all the tenure reforms, Directive 100, Resolution 10, and distribution of 
forest land, were implemented in the middle of our sample periods. Consider-

12. We deleted the time preference, because we expect that it does not vary much across the 
communes in our sample. 

13. We assume that the saddle paths corresponding to various exogenous variables do not 
intersect. Formally it is desirable to implement comparative dynamics analysis along the saddle 
paths. 

14. This is because sT can be deleted by substitution of equation (7) into (19) in the Ap­
pendix. 
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ing the potential importance of efficiency in lowland rice farming in the land 
use and supply of foods, we decided to include policy variables to capture the 
effects of E{ in regression equations of D.15 

D A T A . One practical problem in the empirical analysis is that we do not 
have data directly corresponding to labor input in lowland farming. We use low­
land rice production per capita as a proxy for Lt per unit of land. To obtain a 
better approximation, several variables that are likely to affect lowland rice 
productivity are included in the empirical model, such as the proportion of ir­
rigated land and a soil fertility indicator. 

Distance from town, which is expected to be a good proxy for market ac­
cess as villages are primarily connected by unpaved mountain paths, is included 
to represent the relative price (P). We expect that a greater distance will raise 
the relative price of the heavier and bulkier food commodities relative to rice. 
We do not necessarily expect that it has significant effect in the regressions, be­
cause most food crops were not marketed until the late 1980s. To study the ef­
fect of tenure reform, proportions of farm land covered by Directive 100 and 
Resolution 10 are included in the regression functions for the relevant periods. 
The ratio of bare land to total forest area is included to capture the cost of for­
est clearance (Table 7.2). If the remaining forest area is small and far from the 
villages, the cost of forest clearance would be high. 

It is often argued that the minority ethnic groups who have traditionally 
engaged in shifting cultivation are responsible for deforestation. It is also ar­
gued that in-migration into mountainous areas aggravated deforestation. We in­
clude the proportion of Kinh people, who are the in-migrants in the area and 
have no tradition of shifting cultivation, in the regression equations, expecting 
that we may be able to obtain some information regarding the validity of the 
popular views. Unfortunately, however, we could only obtain the official data 
of ethnic population composition for 1994. Because it is highly correlated with 
the population growth rate in Son La during the period 1987—94, we cannot use 
the proportion of Kinh people in the regressions including population growth 
rate in that period. 

R E G R E S S I O N R E S U L T S . Tables 7.6 to 7.9 report the estimation results. 
First, Table 7.6 displays the estimation results of the reduced-form function ex­
plaining per capita rice production for 1978, 1987, and 1994. As may be ex­
pected, the coefficients of lowland area per capita and irrigated land ratio have 
highly significant and positive coefficients throughout the three periods. Fur­
thermore, the coefficients of lowland area per capita progressively increased 
over time, which indicates the positive effects of various reform measures af­
fecting our sample sites uniformly, such as new liberal market policies, and the 
introduction of new technologies, such as high-yielding varieties of rice. Un-

15. Lowland area per capita (7^) also does not appear in equations (3) and (8). Unlike Ee 
however, population growth rates and rice production per capita capture the indirect effects of Tr 
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TABLE 7.6 Reduced-form regressions of rice production per capita 
1978 1987 1994 

Intercept 0.078 -0.005 -0.113 
(1.68) (-0.10) (-2.33) 

Lowland area per capita 1.620** 2.603** 3.141** 
(4.84) (6.41) (8.45) 

Irrigated lowland ratio 0.161** 0.145** 0.153** 
(4.19) (4.36) (6.55) 

Cultivable bare land per capita -0.009 0.002 -0.003 
(-0.74) (0.18) (-.022) 

Directive 100 n.a. -0.013 n.a. 
(-0.40) 

Resolution 10 n.a. n.a. 0.111** 
(3.59) 

Forest distribution by 1994 n.a. n.a. 0.005 
(0.37) 

Ratio ofKinh in 1994 -0.009 -0.004 -0.119 
(-0.18) (-0.10) (-0.33) 

Fertile soil dummy -0.030 -0.011 0.005 
(-1.74) (-0.74) (0.44) 

Distance from town -0.001 -0.000 -0.000 
(-0.71) (-0.11) (-0.56) 

Son La dummy -0.042 -0.001 -0.015 
(-1.54) (-0.05) (-0.75) 

Adjusted i?-squared 0.74 0.76 0.84 
NOTE: Numbers in parentheses are (-statistics, "n.a." refers to "not applicable." 
**.01 level 

like the results of Pingali and Xuan (1992), our estimation for 1987 does not 
reveal the significant effect of the introduction of production contracting sys­
tem on lowland rice cultivation through Directive 100. In contrast, the propor­
tion of area covered by Resolution 10 is significant in the 1994 regression, 
which indicates the positive incentive effects on paddy yield of de facto priva­
tization of lowland ownership. On the other hand, there is no indication of the 
effect of distribution of usufruct rights of forestland on paddy yield. 

A close examination of the data on upland cropping intensity (s) over the 
sample communes suggests that the distribution of s is skewed to the right. 
Thus, we take the square root of each side of equation (2). The estimation re­
sults of reduced-form function for the square root of upland cropping intensity 
are displayed in Table 7.7. The factor that persistently and significantly affects 
cropping intensity negatively is cultivable bare land area per capita, which is 
reasonable because the large stock of cultivable bare land indicates abundant 
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TABLE 7.7 Reduced-form regressions of upland cropping intensity (s) 
1978 1987 1994 

Intercept 0.323 0.513 0.213 
(3-37) (2.99) (1.16) 

Lowland area per capita -0.883 -1.501 0.081 
(-1.26) (-1.18) (0.06) 

Irrigated lowland ratio -0.048 -0.138 -0.069 
(-0.60) (-1.33) (-0.78) 

Cultivable bare land per capita -0.043* -0.108** -0.100* 
(-1.80) (-2.74) (-2.38) 

Directive 100 n.a. 0.021 n.a. 
(0.20) 

Resolution 10 n.a. n.a. 0.087 
(0.75) 

Forest distribution by 1994 n.a. n.a. -0.030 
(-0.62) 

Ratio ofKinhin 1994 -0.098 -0.396** -0.021 
(-0.96) (-2.91) (-0.16) 

Fertile soil dummy 0.108** 0.064 0.060 
(3.00) (1.35) (1.36) 

Distance from town -0.002 0.001 -0.002 
(-1.52) (0.46) (-1.14) 

Son La dummy 0.217** 0.101 0.190** 
(3.75) (1.23) (2.56) 

Adjusted iJ-squared 0.66 0.42 0.42 
NOTE: Numbers in parentheses are /-statistics, "n.a." refers to "not applicable." 
*.05 level 
**.01 level 

supply of upland area. None of the land tenure policy variables, however, is 
significant. There is some tendency that upland cropping intensity is higher in 
areas where soil is more fertile. The significantly negative coefficient of the pro­
portion of Kinh people in the 1987 regression may indicate that people from the 
delta region did not practice shifting cultivation. Or it may be the case that the 
government sent the Kinh migrants from the dam site into the relatively land-
abundant communes, whose residents, including the migrants, did not have to 
expand the upland fields. 

Regarding changes in bare land area, we show estimation results of equa­
tion (4) under the assumption of the steady state in Table 7.8, whereas we ex­
hibit estimates of equation (3) without assuming the steady state, which in­
cludes upland area under cultivation per capita as an explanatory variable, in 
Table 7.9. In both cases, we included the land policy variables in addition to the 
variables included in equations (3) and (4). For rice production per capita and 
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TABLE 7.8 Determinants of deforestation along assumed steady state 
1978-87 1987-94 

OLS 2SLS OLS 2SLS 
Intercept 0.041 0.138* 0.009 0.028 

(1.12) (2.40) (0.26) (0.65) 
Population growth rate 0.014** 0.011* 0.003 0.003 

(3.12) (1.99) (0.95) (0.96) 
Rice production per capita" -0.038 -0.225* 0.035 -0.038 

(-0.54) (-1.90) (0.48) (-0.42) 
Upland cropping intensity" -0.142** -0.389** -0.037 -0.124 

(-3.10) (-2.92) (-1.20) (-1-32) 
Ratio of bare land to forest" -0.087** -0.084** -0.100** 0.096** 

(-3.35) (-2.64) (-3.29) (-3.11) 
Directive 100 -0.016 -0.032 n.a. n.a. 

(-0.67) (-1.08) 
Resolution 10 n.a. n.a. 0.042 0.046* 

(1.54) (1.73) 
Forest distribution in 1994 n.a. n.a. -0.004 -0.004 

(-0.38) (-0.33) 
Ratio ofKinh in 1994 -0.046 -0.061 

(-1.44) (-1.53) 
Distance from town 0.001* 0.000 0.000 -0.000 

(1.79) (0.01) (0.59) (-0.38) 
Son La dummy 0.067** 0.85** 0.036* 0.37* 

(3.72) (2.71) (1.89) (1.68) 
Adjusted i?-squared 0.53 0.59 0.23 0.23 
F-test statistics 5.14** 2.00 
NOTE: Numbers in parentheses are (-statistics, "n.a." refers to "not applicable." 
"Initial values, that is, value in 1978 for 1978-87 regression and value in 1987 for 1987-94 
regression. 
*.05 level 
**.01 level 
ratio of bare land to forestland, we used 1978 data for 1978-87 regressions and 
1987 data for 1987—94 regressions. We implemented F-tests to determine the 
appropriateness of ordinary least squares (OLS) and two-stage least squares 
(2SLS) estimation methods for the estimation of our recursive model. The re­
sults of the F-tests indicate that 2SLS is more appropriate for the period 
1978-37 with the assumption of the steady state; for the other period, it is in­
dicated that OLS is more appropriate. 

Several important findings can be observed in Table 7.8. First, the popu­
lation growth rate has a positive and significant effect on the rate of deforesta­
tion in the early period (1978-S7). This suggests that as population pressure on 
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limited lowland areas increased, people chose to clear forestland for cultivation 
of additional food crops. This conclusion must be qualified, however, if the gov­
ernment had purposefully sent the migrants to those locations where unculti­
vated forestland amply existed. Yet this is not likely the case, because the rate 
of population growth in the early period was relatively low, suggesting that the 
population growth rate roughly corresponds to the natural rate of growth. If the 
endogeneity of the government migration program were important, the popu­
lation growth variable should have had a significant effect in the second period 
but not in the first. Second, consistent with the above finding, lower rice pro­
duction per capita led to clearance of forestland in the early period. This result 
is inconsistent with the predictions of the models of Ehui, Hertel, and Preckel 
(1990) and Barbier and Burgess (1997) that increased efficiency in farming 
leads to increased deforestation. Third, an increase in upland cropping inten­
sity resulted in a lower rate of deforestation during the 1978-87 period, as more 
resources were allocated to upland production on already cleared fields. This 
observation suggests that if insecure property rights induce a large resource al­
location to secure use rights in specific upland fields, it would have helped ar­
rest the loss of forest area. One can also argue that high cropping intensity 
reflects largely limited remaining forest areas, as reported in Table 7.7. In short, 
the food shortage was a key driving factor behind increased resource allocation 
to uplands when upland was open access. Unlike the popular belief, shifting 
cultivation is not the root cause of deforestation. 

It is worth emphasizing that the effects of these three factors lost signifi­
cance during the reform period of 1987—94. These results suggest that there 
were structural changes in functional relations between the pre-reform and 
reform periods.16 In particular, it appears that population pressure on low­
land areas ceased to exert critical influence on the rate of deforestation during 
the reform period because of the enhanced attractiveness of intensification 
strategies. 

Fourth, the ratio of bare land to total forestland affected deforestation neg­
atively in both periods, which is reasonable, as a larger bare land ratio implies 
less remaining forest areas to be exploited. Fifth, lowland policy variables (that 
is, the implementation of Directive 100 in the 1978-87 regression and that of 
Resolution 10 in 1987-94 regression) are at best weakly significant when the 
proper estimation methods are applied. We expect, however, that the strongly 
positive effect of Resolution 10 on lowland rice production per capita in 1994 
shown in Table 7.6 would further arrest deforestation through its effect on the 
choice of intensification over extensification. In general, Son La Province had 
a higher rate of deforestation throughout the sample periods. 

16. We also estimated the deforestation function by the random effects model, while as­
suming the stability of coefficients over time. As might be expected from the structural changes, 
the fits of the panel estimation are less reasonable than the results shown in Tables 7.8 and 7.9. 
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TABLE 7.9 Determinants of deforestation along assumed nonsteady state 
1978-88 1987-94 

OLS 2SLS OLS 2SLS 
Intercept 0.201 0.025 0.021 0.024 

(0.76) (0.65) (0.62) (0.66) 
Population growth rate 0.010** 0.009** 0.001 0.002 

(3.00) (2.90) (0.32) (0.67) 
Rice production per capita3 0.016 -0.014 0.062 0.013 

(0.31) (-0.18) (0.92) (0.17) 
Upland cropping intensity3 -0.057 0.017 -0.005 0.024 

(-1.58) (0.17) (-0.17) (0.26) 
Cultivated bare land area 

per capita3 0.038** 0.041** 0.025** 0.026** 
(6.45) (5.60) (3.03) (3.12) 

Ratio of bare land to forest3 -0.114** -0.116 -0.109** -0.108** 
(-3.86) (-6.14) (-3.86) (-3.79) 

Directive 100 -0.005 -0.004 n.a. n.a. 
(-0.31) (-0.23) 

Resolution 10 n.a. n.a. 0.029 0.035 
(1.14) (1.57) 

Forest distribution in 1994 n.a. n.a. -0.006 -0.006 
(-0.61) (-0.60) 

Ratio of Kinh in 1994 -0.009 -0.008 
(-0.37) (-0.31) 

Distance from town -0.000 -0.000 -0.001 -0.001 
(-0.44) (-0.30) (-1.09) (-1.41) 

Son La dummy 0.051** 0.314 0.033* 0.020 
(3.77) (1.55) (1.85) (1.01) 

Adjusted J?-squared 0.75 0.74 0.34 0.33 
F-test statistics 1.88 1.03 
NOTE: Numbers in parentheses are /-statistics, "n.a." refers to "not applicable." 
"Initial values, that is, value in 1978 for 1978-87 regression and value in 1987 for 1987-94 
regression. 
*.05 level 
**.01 level 

The estimation results are largely unchanged qualitatively when we as­
sume nonsteady state and used bared land per capita as an additional explana­
tory variable (Table 7.9). Aside from the positive and significant effects of 
bared land area per capita on deforestation, however, there are two major ex­
ceptions. First, the effect of rice production per capita is no longer significantly 
negative in the 2SLS estimation for 1978—87. It seems that rice production per 
capita and bared land per capita are negatively associated, which led to the 
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lower significance of the rice production effect on deforestation. Second, the 
negative effect of upland cropping intensity on deforestation rate becomes in­
significant in the period 1978-87. This is not surprising, because by construc­
tion this variable is closely and negatively related to the amount of bare land 
per capita. 
Determinants of Reforestation 
The analysis of deforestation suggests that the structural changes took place as 
a result of the land tenure and other reforms. We found that lowland rice pro­
duction affected deforestation through the choice of extensification and in­
tensification in the early period of 1978—87. The tenure reforms in lowland can 
affect forest resource management through this channel. The most directly rel­
evant reform pertaining to the management of forestland was, however, the dis­
tribution of use rights of upland to individual farmers for the maximum of 50 
years. Because of this semiprivatization policy of land rights, forestland in­
cluding already bared land ceased to be open access. In fact, those farmers who 
have acquired forestland began to undertake plantations of timber, fruit, and 
other trees of commercial value as well as protection of degraded forest areas 
for regeneration. This tenure reform seems to have resulted in increases in the 
so-called poor forest and renascent forest areas, which are considered to reflect 
regeneration of forest areas, and newly planted forest area in the early 1990s.17 

In order to examine the effect of the land rights distribution policy on re­
forestation, we regressed changes in the sum of poor, renascent, and newly 
planted forest areas per capita from 1987 to 1994 and from 1991 to 1994. For 
the latter period, we have fairly reliable data on forest conditions, but not on 
agricultural production. Table 7.10 shows the estimation results of reduced-
form regressions. Since the period of investigation ended in 1994, we use two 
alternative dummy variables of forest distribution: communes that received dis­
tributed forest area by 1993 and alternatively by 1994. There are two maj or find­
ings. First, larger bare land area per capita promoted reforestation. This is rea­
sonable because there is wider room for natural regeneration in larger areas. 
Second, and much more important, forest distribution policy resulted in 
significantly higher rates of reforestation when we used a forest distribution 
dummy in 1993. It is not unreasonable that the 1994 dummy is insignificant, as 
the new policy would affect reforestation with time lags. Since denuded forest-
lands were allocated to individual farmers on a voluntary basis, who are likely 
to grow trees, the significant effect of the 1993 dummy may not be surprising. 
This policy, however, was not necessarily implemented in areas most suitable 
for tree plantation; its implementation began in areas close to district towns. In 

17. All mature trees are felled and burned before planting food crops under shifting culti­
vation, so that cleared forest and bush areas become bare land rather than poor and renascent for­
est areas. 
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TABLE 7.10 Determinants of changes in reforested area per capita 
1987-94 1991-94 

Intercept 0.007 0.012 0.018 0.024 
(0.41) (0.67) (0.62) (0.76) 

Population growth rate -0.001 -0.001 0.001 0.001 
(-0.58) (-0.58) (0.79) (0.60) 

Lowland area per capita8 0.171 0.164 0.147 0.186 
(1.29) (1.20) (0.63) (0.76) 

Irrigated lowland ratio3 -0.012 -0.013 -0.014 -0.013 
(-1.14) (-1.10) (-0.88) (-0.76) 

Cultivable bare land area 
per capita3 0.009* 0.010* 0.018** 0.017** 

(2.33) (2.31) (2.76) (2.55) 
Resolution 10 -0.013 -0.017 -0.031 -0.037 

(-1.05) (-1.33) (-1.49) (-1.76) 
Forest distribution in 1993 0.015* 0.028** 

(2.19) (2.50) 
Forest distribution in 1994 0.007 0.012 

(1.36) (1.33) 
Fertile soil dummy 0.004 0.005 -0.007 -0.005 

(0.70) (0.88) (-0.79) (-0.57) 
Distance from town -0.000 -0.000 0.000 0.000 

(-0.77) (-0.79) (0.20) (0.22) 
Son La dummy 0.006 0.003 0.010 0.007 

(0.66) (0.30) (0.73) (0.49) 
Adjusted i?-squared 0.23 0.19 0.28 0.22 
NOTE: Numbers in parentheses are /-statistics. 
"Initial values, that is, value in 1987 for 1987--94 regression and value in 1991 for 1991-94 
regression. 
*.05 level 
**.01 level 

other words, the places where the policy was implemented are not necessarily 
unrepresentative, so that the tenure effects are indeed real and replicable in 
other sites. Thus, there is no denying that such land tenure policy, which 
strengthens the land rights of individual households, is conducive to reforesta­
tion of highly degraded forest areas. 
Summary of Findings for Extensive Study 
The fundamental proposition of the extensive study is that the choice between in­
tensification of existing agricultural land and extensification into hitherto uncul­
tivated forestland, rather than fallow cycle intensification, is of critical impor­
tance to the proper understanding of deforestation processes in areas where flat 
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lowland and sloped upland coexist.18 If intensification is costly owing to low pro­
duction efficiency of lowland farming, extensification tends to be chosen, lead­
ing to deforestation. Conversely, if extensification is costly owing to the estab­
lishment of individualized land rights in upland, deforestation will be deterred. 

The experience of the northern hill region of Vietnam for the past few 
decades suggests that low productivity of collective farming under the com­
mune system, coupled with unclear ownership rights of cultivable forestland, 
has been a significant cause of deforestation. In fact, we obtained evidence that 
increased rice production reduced deforestation. This finding does not support 
the conventional wisdom that improvement in agricultural productivity leads to 
deforestation in the hilly region, where the expansion of lowland agricultural 
fields is limited. We also found that allocation of forest use rights led to 
significant reforestation in communes where the forestland allocation policy 
was implemented. This seems to testify to the superior management of forests 
by individual farmers as compared with the state. It is also important to point 
out that population pressure on limited lowland areas is another important cause 
of deforestation, unless land rights in forestland are established. It is clear from 
our extensive study that the establishment of land rights on uplands had posi­
tive impacts on upland intensification and sustainable use of upland areas. 

Intensive Study 
Table 7.11 summarizes the major characteristics of the land use in the commune 
of Yen Do based on official statistics in 1994. Forestland with slopes greater 
than 25 degrees accounts for almost three-fourths of total area, whereas low­
land farm area, mostly paddy land, accounts for 10.2 percent. A more impor­
tant observation is that bare land occupies as much as 45.9 percent of forest­
land, indicating that substantial deforestation took place as a result of the 
expansion of shifting-cultivation areas. The proportion of bare land, however, 
is somewhat lower than the average in Bac Thai Province (see Table 7.2). 
Official statistics also show that 200 hectares of traditional forestland exists, ac­
counting for 7.7 percent of forest area in the province. 
Basic Characteristics of Sample Households 
Selected households are nuclear, so that the average family size is 5.3, whereas 
the average number of working members, which is denned as those between 16 
and 60 years of age, is merely 2.8. 

18. Interestingly, Coxhead and Jaysuriya (1994) derive a qualitatively similar result in their 
model on upland soil erosion. For example, they demonstrate that productivity changes in lowland 
food agriculture could substantially reduce the rate of land degradation in uplands, whereas the up­
land technology improvement does not have clear effect. However, except for the explicit consid­
eration of the interaction between lowland and upland farming, the structure of their model is quite 
different from ours. 
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TABLE 7.11 Land use patterns of Yen Do commune in 1994 
Area Proportion 

(hectares) (percentage) 
Composition of total area 

Total 3,502 100.0 
Forestland 2,601 74.3 
Lowland farms 265 10.2 

Composition of forestland 
Total 2,601 100.0 
Bare land 1,195 45.9 
Private forest 200 7.7 

SOURCE: Intensive survey. Data provided by courtesy of the Phu Luong district office. 

One of the most important determinants of land use in the northern hill re­
gion of Vietnam is ethnicity, as different ethnic groups traditionally engaged in 
different farming practices. Table 7.12 displays the ethnic composition of our 
sample households based on the ethnicity of households heads. Kinh is the dom­
inant ethnic group in Vietnam but is not native in the northern hill region. Af­
ter independence from France in 1954, the government promoted the migration 
of the Kinh from densely populated delta regions to the mountainous areas. 
They prefer to engage in lowland paddy farming, in which they have had a long 
experience. Since they are not natives, their land rights tend to be weaker than 
the native households. Because Yen Do is relatively close to the Red River 
delta, there are 98 Kinh households in our sample, accounting for 39 percent of 
all households. Forty-four out of 86 households whose heads migrated to their 
current villages are Kinh-headed households. 

Tay is one of the largest minority ethnic groups in the northern hill region 
and has traditionally engaged in paddy cultivation on flat lowlands. The Tay 
constitute the second largest ethnic group in our sample. Dao and San Chay are 
ethnic minorities who have traditionally practiced shifting cultivation, whereby 
families move from one location to another, rotating between fallow and culti­
vation. Gradually they have settled in fixed locations, as cultivable land per 
household declined and they were required to be members of cooperatives to 
engage in collective farming with other ethnic groups. Nonetheless, there is 
some disposition among these minority ethnic groups toward shifting cultiva­
tion of upland. 

Most of the lowland parcels were allocated from the cooperatives to indi­
vidual households during the process of land tenure reforms in the 1980s. The 
allocation of use rights is basically egalitarian, even though migrants are dis­
criminated against to some extent (Table 7.13). Out of250 sample households, 
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TABLE 7.12 Ethnic composition of sample households 
Number of households Proportion 

(percentage) 
Kinh (migrants from delta) 98 39 
Tay (wet rice cultivators) 96 38 
Dao (shifting cultivators) 34 14 
San Chay (shifting cultivators) 13 5 
Others 9 4 

Total 250 100 
SOURCE: Intensive survey at commune of Yen D., Bac Thai Province. 

237 households received some irrigated lowland, and 216 households received 
rainfed lowland. Most farmers had already obtained official use certificates over 
these lands by 1995. The average farm size per household is very small, con­
sisting of 0.155 hectares of irrigated land and 0.097 hectares of rainfed land 
among native households, whereas the corresponding figures are somewhat 
smaller among migrant households, particularly irrigated land, which is far 
more productive than rainfed land. Soi soil land is an unproductive area com­
monly developed along riverbanks and represents the smallest area of farmland 
for both groups. 

It is fair to say that compared with other communities, migrant households 
are treated favorably in Yen Do. In fact, we gathered that restitution of land 
ownership to the original owners was widely implemented in other communi­
ties, so that migrant households were excluded from the allocation of lowland. 
In such cases, they were forced to migrate to cities or to engage in shifting cul­
tivation of upland fields. In Yen Do, however, most of the migrant households 
were considered as legitimate members of the commune, as they had moved to 
this area before the agricultural collectivization reform in the 1970s. 

TABLE 7.13 Holdings of lowland farms by sample households by type of land 
Number of Irrigated Rainfed Soi Soil 
Households Lowland Lowland Landa Total 

(hectares) 
Natives 164 0.155 0.097 0.014 0.256 
Migrantsb 86 0.127 0.091 0.021 0.239 
Average 250 0.145 0.095 0.016 0.256 
SOURCE: Intensive survey. 
"Farms located on riverbanks. 
bThose households whose household heads have moved to the commune. 
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Despite the possession of the authorized and secure land titles over farm­

land, land and land rental markets are still inactive. Only seven households re­
ported purchasing use rights of lowland parcels. Only one household rented in 
land from its neighbor. Furthermore, no sampled households reported any sale 
of land use rights in our survey.19 

The average size of lowland per household is a mere 0.256 hectares, which 
is barely sufficient for subsistence living. The availability of such small lowland 
area would have led to increased clearing and shifting cultivation of upland ar­
eas, particularly when the food shortage took place. In the process of market-
oriented economic reforms under the Doi Moi policy (Irvin 1995), however, 
many households began to initiate new businesses other than crop farming. 
Among our sample households, 29 began operating small stores in the villages. 
Many households reported expanding livestock production; 238 households 
raised at least a few pigs, among which 25 households raised more than five pigs. 
Two households started to raise cows for milk production. Fish raising in fish­
ponds is another popular new business; 120 households were engaged in fish pro­
duction, using an average fishpond area of 915 square meters. There is no ques­
tion that these new business activities increased cash income of households as 
well as the opportunity cost of labor for cultivation of upland fields. 
Use of Forestland 
As was explained earlier, there are two types of forests in the commune of Yen 
Do. One is the traditional private forest (TPF) that has always been managed 
by individual households. This type of land has been inherited from earlier gen­
erations. Another type is newly allocated forest (NAF) land that originates from 
the cooperatives and is granted for 50 years of use on the basis of voluntary ap­
plication by cooperative members. Farmers believe that their use rights will be 
renewed 50 years later, so they perceive that NAF lands essentially belong to 
them. The majority of NAF was bare land at the time of allocation. This is in 
sharp contrast to TPF, which has been well maintained almost without excep­
tion even during the time of food shortage in the early 1980s. 

Table 7.14 reports the forestland holdings among our sample households 
by type of forests. There are 68 households that manage NAF alone, another 68 
households that manage both NAF and TPF, and 85 households that man­
age only TPF.2 0 We call them pure NAF owners, mixed owners, and pure TPF 
owners, respectively. The majority of forest patches are small and seldom exceed 
1 hectare. The total holdings of NAF are on average 1.82 hectares among the 

19. We suspect that the negligible number of reported land and land rental transactions may 
be due to underreporting by our respondents, who seem to be reluctant to disclose true information 
about these transactions. 

20. We show the data of 221 households rather than full sample of 250 because we found a 
number of unreliable answers in the questionnaire. 
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TABLE 7.14 Holdings of forestland by sample households 
Owners of 

Pure Owners Both New Pure Owners 
of New and Traditional of Traditional 

Forestland Forestland Forestland 
Number of households 68 68 85 
New forestland 

Average size (ha) 1.82 1.32 — 
Average number of plots 1.8 1.7 — 
Average year of allocation 1990 1990 — 
Percentage of plots with 

certificate 25.9 33.3 — 
Traditional forestland 

Average size (ha) — 0.81 1.69 
Average number of plots — 1.6 1.4 
Percentage of plots with 

certificate — 53.2 67.5 
SOURCE: Intensive survey. 

pure owners and 1.32 hectares among the mixed owners. The mixed owners 
also manage 0.81 hectare of TPF, which is smaller than the 1.69 hectares man­
aged by the pure owners of TPF. It appears that those households that did not 
own much TPF lands obtained a relatively large amount of NAF. 

Owing to tree planting-projects implemented since the late 1980s, the al­
location of bare hills began relatively early in this commune. In fact, the aver­
age year of allocation is 1990, which precedes by three years the date when the 
Vietnamese government decided to accelerate the allocation of forestland to in­
dividual households. Yet the distribution of formal land use certificates has been 
implemented with much delay. As of December 1996, formal land use 
certificates had been issued to only 30 percent of the 224 NAF plots. An inter­
esting observation is that the proportion of plots with the certificates is much 
higher for TPF, which indicates that private ownership of TPF has been well 
recognized by the local government office. 

Before the formal allocation from the cooperatives, many beneficiaries used 
the allocated areas for shifting cultivation and firewood collection. This suggests 
that there was some agreement about the individual use rights of particular areas 
of communal forestland among cooperative members. This does not imply, how­
ever, that individual farmers had secure land use rights on the sloping upland plots 
that they cultivated. In fact, to our knowledge, no farmer has ever made major in­
vestments in communal land, such as tree planting and terracing, before the for­
mal allocation. Therefore, the formal allocation has not only confirmed but con­
siderably strengthened the individual use rights of upland plots. 
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TABLE 7.15 Tree planting on forestland by sample households 
Owners of 

Pure Owners Both New Pure Owners 
of New and Traditional of Traditional 

Forestland Forestland Forestland 
Number of households 68 68 85 
New forestland 

Percentage of households 
planting trees 75.0 72.1 — 

(percentage with subsidy)3 (58.8) (65.3) 
Percentage of areas planted 

to trees 40.5 43.4 — 
(percentage with subsidy)13 (61.9) (70.5) 

Traditional forestland 
Percentage of households 

planting trees — 38.2 47.1 
(percentage with subsidy)3 (11.5) (20.0) 
Percentage of areas planted 

to trees — 12.4 9.9 
(percentage with subsidy)b (10.6) (31.1) 

SOURCE: Intensive survey. 
"Proportion of households planting trees with subsidy provided by tree-planting projects. 
bProportion of areas planted to trees with subsidy provided by tree-planting projects. 

We found that 20 households were still engaged in shifting cultivation on 
their NAF plots in 1997 despite its legal prohibition. They were, however, 
rather exceptional. As is demonstrated in Table 7.15, 75 percent of pure own­
ers and 72.1 percent of mixed owners of NAF have planted some trees, includ­
ing timber, tea, fruit, coffee, and cinnamon trees. As a result, 40.5 and 43.4 per­
cent of NAF areas owned by pure NAF owners and mixed NAF and TPF 
owners, respectively, have been planted to trees. Tree planting is more inten­
sive on NAF plots than on TPF plots; on the latter only 38.2 percent of mixed 
owner households and 47.1 percent of pure owner households planted trees, and 
planted areas amounted to only 10.9 percent of total TPF land on average. 

The difference in tree-planting intensity between NAF and TPF lands is ex­
plained mainly by the difference in the original vegetation covers between 
them.21 NAF land from the cooperative is mainly bare hills, whereas TPF land 
has generally been protected well and covered by densely grown trees, consist­
ing of tall timber trees, shorter trees suitable for firewood, trees producing thatch­
ing material, bamboo, and others. Medicinal plants are also grown under the trees. 

21. This was confirmed by the collected data on the tree-growing areas at the time of acqui­
sition. 
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Unlike NAF plots supported by tree-planting projects, exotic tree species, such 
as acacia and eucalyptus, are seldom grown on TPF lands. According to inter­
views with owners of TPF, a major management activity of TPF is to replant trees 
so as to utilize sunlight to the maximum extent. Since the extracted forest re­
sources are mostly used for home consumption, the farmers were unable to pro­
vide the market values of extracted resources. Because TPF lands are generally 
surrounded by roads and residential areas, protection is said to be relatively easy. 

Another factor promoting active tree planting on NAF land is that this type 
of land has been allocated on the condition that the beneficiaries will undertake 
reforestation. It is therefore surprising that trees have yet to be planted on more 
than half of NAF areas. 

Both NAF and TPF owners could apply to the PAM project for tree-plant­
ing assistance. Actually, much more than 50 percent of households owning NAF 
lands have received subsidies from the project, in the form of rice and free 
seedlings of mostly acacia or eucalyptus, to cover the opportunity cost of labor 
for tree planting and management. In contrast, relatively few TPF owners have 
received subsidies from the project. Such a difference can be explained by the 
preference of TPF owners not to grow exotic species. As is shown in Table 7.16, 
19.4 percent of newly planted TPF land is planted to acacia and eucalyptus, 
whereas the corresponding figure is 63.4 percent on NAF lands. TPF owners ac­
tively planted tea on edges of hilly forest areas, which were sometimes partly de­
graded. Such sharp differences in the choice of tree species cast some doubts on 
the efficiency of the reforestation project, at least from the private point of view. 

Policy Implications 
As we have seen, massive deforestation in the 1980s was followed by buoyant 
reforestation in the 1990s in the mountainous regions of Vietnam. Such changes 
can be attributed largely to changes in policy environments. In particular, it will 
be fair to draw from the analyses of this chapter two major policy implications 

TABLE 7.16 Composition of tree species planted in newly allocated forestland and 
traditional private forestland 

Acacia and 
Eucalyptus 

Commercial 
Trees3 Other Trees'3 

(percentage) 
New forestland 63.4 12.2 24.2 
Traditional forestland 19.4 45.1 35.5 
SOURCE: Intensive survey. 
aTea, cinnamon, coffee, and fruit trees. 
bMostly locally grown timber species. 
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to arrest excessive deforestation in hilly and mountainous regions. First, the ef­
fort to increase food production from lowland farming should be strengthened. 
It is likely that larger food production through the intensification of existing 
farming systems will reduce deforestation by affecting farmers' choice in fa­
vor of intensification over extensification, particularly where labor markets are 
underdeveloped and labor allocation is constrained by the endowment of fam­
ily labor. We also expect that in the longer run, greater supply of foods from 
lowland areas will reduce food prices, which in turn will reduce incentives to 
expand upland areas at the expense of forest areas. 

Second, private-property rights in forestland should be strengthened. Our 
empirical analysis indicates that population growth led to deforestation when 
forestland was practically open access. Since the beginning of the 1990s, how­
ever, tenure security of upland fields was strengthened. In this period, we did 
not observe any impact of population growth on deforestation. Furthermore, 
during this period, we observed that the establishment of individualized prop­
erty rights in forestland resulted in significant reforestation from the extensive 
community survey data and in tree planting from the intensive household data. 
An important point is that the establishment of individualized land rights in de­
graded forestland has resulted in acceleration of reforestation, as well as de­
celeration of deforestation. Such a development is desirable not only from the 
individual farmers' viewpoint but also from a social point of view because of 
the positive environmental benefits of reforestation. Individualized land rights, 
however, should not be granted on the basis of cleared forest areas, which will 
lead to the socially undesirable, excessive race for land property rights. We con­
jecture that the distribution of land rights in degraded forestland to individual 
farmers on a voluntary basis in Vietnam, which is historically unprecedented 
in our knowledge, will make a significant contribution to reversing the trend of 
deforestation toward reforestation. 

A final remark is in order regarding the use of allocated forestland by in­
dividual farmers. Although we did not mention it in the text, many small-scale 
communal irrigation systems are managed by a small number of households 
in our sites, utilizing water from small streams coming from nearby mountains. 
Collective farmwork has also been organized for a long period under the lead­
ership of cooperatives. Thus, our sites have a tradition of collective work. 
None of the communities, however, organized the collective management of 
NAFs, even though they certainly could if they wanted. That farmers have de­
cided to manage forestlands individually rather than collectively strongly sug­
gests that it is more efficient to do so. In the next two chapters, we further con­
sider under what conditions community management of forests under the 
common property system works well for the benefit of local people. It is im­
portant to consider why, unlike the experience of the hill region of Nepal ex­
amined in Chapter 8, community management of forest did not spontaneously 
develop in Vietnam. 
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Appendix: A Dynamic Model of Land Use 
The purposes of this appendix are to construct and to sketch the solution of the 
dynamic optimization model of forest and upland use. Formally, the represen­
tative family is assumed to solve the following inter-temporal maximization 
problem: 

max U(Yl)e-f>xdx, (5) 
where 

FT = F(Le Te E) + PG(L - Le sTJ -aD-c[\- s]Tu, (6) 
subject to 

tu=D-b(s)sTu, (7) 

0 < s < l (8) 

Tu<W, (9) 
where U is an instantaneous utility function with If > 0 and If' < 0, which de­
pends on household income (IT). The income consists of net revenue from 
paddy production (the first term in equation [6]), net revenue from upland agri­
cultural production (second term), the cost of forest clearance (third term), and 
the cost of protecting rotational shifting-cultivation area (the last term). The 
cropping intensity in upland shifting-cultivation area, s, is bounded between 
zero and one, and the size of upland shifting-cultivation area Tu cannot exceed 
the size of initial forest area, W. 

Income from lowland rice cultivation is given by a constant-returns-to-
scale production function (F), which depends on labor input ( I , ) , lowland (ir­
rigated) farm area (7^), and index of production efficiency (£,). Because of the 
hilly conditions in our study sites, there is no room for the expansion of low­
land paddy fields. Thus, T{ is exogenous. E{ is intended to capture the effects of 
tenure reforms, since privatization of lowland farm is likely to enhance work 
incentives in the short run.22 In the longer run, tenure reform may improve pro­
duction efficiency by stimulating profitable investment. Market reform may 
also raise Et by improving allocative efficiency of purchased inputs, which is 
not explicitly dealt with in the model. G is the production function of upland 
farming, which exhibits constant returns to scale in labor input and size of up­
land field under cultivation sTu, where Tu is the total size of rotational shifting-

22. Intensification often entails farmers' capital investment in improving Et See Boserup 
(1965) and Clay, Reardon, and Kangasniemi (1998) for the various paths to intensification. In the 
case of Vietnam, however, the tenure reforms have been the most important events that resulted in 
major changes in production efficiency. Thus, we abstract from farmers' investment in the en­
hancement of Ej in this study. 
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cultivation area and s is the portion of Tu which is under current cultivation. L 
stands for predetermined level of total labor availability and, hence, L - Lt cor­
responds to labor input for upland cultivation. P is the market price of upland 
products measured in terms of the price of lowland rice. The constant-returns-
to-scale production function (F) is assumed to satisfy Fv F2, F3>0;F1V F22 
< 0; Fl2, F 1 3 > 0; and FUF22 - (F1 2)2 = 0. Analogous conditions apply for G. 

The cost of forest clearance is assumed to be linear in forest area to be 
cleared (D) with cost parameter a. This cost is not measured by the labor input 
for clearance but by the loss of income evaluated in terms of the price of low­
land crop. This way of modeling will be more realistic than measuring the cost 
by labor input, because extensification into hill forests is usually carried out dur­
ing the off-crop seasons. A natural interpretation is that aD captures the oppor­
tunity cost of off-farm work, which was negligible during the food shortage pe­
riod and is likely to become higher during the period of the economic reforms. 
It also becomes higher as the bared land expands, because the farmers have to 
travel farther to clear new forests. 

Insecure property rights in the sloped area impose another cost for a farm 
household. The upland area that is put into fallow, [1 - s]Tu, is subject to land 
grabbing from neighbors and strongmen in the village. Farmers expect to incur 
some cost to resolve land disputes, if they arise. A higher c therefore indicates 
the less secure property rights in the upland area. Since few upland areas had 
been officially allocated until 1993 in our field sites, we expect that significant 
structural change occurred after 1993. It is implicitly assumed in the current 
specification of the model that uncultivated forestland is open access, so that 
farm households clear the forest at will. Such an assumption, however, may not 
hold once use rights in forestland are granted to individual households. 

Equation (7) describes how total shifting-cultivation area changes with 
time (TJ. An increase in D directly increases fu. A larger proportion of 
shifting-cultivation area under current production deteriorates the soil fertility 
of the cultivated area sfu by shortening fallow periods, which is modeled as a 
decrease in the cultivable upland fields with a depreciation coefficient b(s): 
b'(s) > 0 and b"(s) > 0.23 This is why we refer to a higher s as depriving in­
tensification. 

In the model, a farmer chooses between lowland production (intensi­
fication in lowland) and upland production through the choice of L{, between 
the current upland production and the future loss of upland soil productivity 
(depriving intensification) through s, and between the current loss of utility and 
the future increase in upland crop area (extensification) through D. 

The current value Hamiltonian of equation (5) is: 

23. This is a common formula in the literature of investment and capacity utilization (for ex­
ample, Greenwood, Hercowitz, and Huffman 1988). 



Management of State Land and Privatization in Vietnam 267 

H= U{U) + X{D - b(s) sTJ +wxs + w2{\-s} + \i{W-Tu}, (10) 
where X is the multiplier that gives the marginal value of upland fields stock at 
t; wx and w2 are the multipliers associated with the constraint on s; and u. is the 
multiplier associated with remaining forestland. 

The first-order conditions for the maximization equation (5) are: 
dHldLl = lf(.) {Fx - PGX} = 0, (11) 

dH/ds = lf(.) {PG2TJ - X{b\s) sTu 

+ b(s)Tu-cTu}+wx+w2 = 0 (12) 

dHIdD = -alf(.) + A, = 0 (13) 

X= [p + b(s) s + c{ 1 - s } ] X - £/(.) {PG2s - c [1 - J ] } + ji (14) 

lim Tu(t) X(t) e-P' = 0. (15) 
The bounded control on s implies 

[/(.) {PG2TJ - X{b'(s) sTu + b{s) Tu - c r j Q 0, (o<s<lj. (16) 

Let us show the results of interior solutions (0 < s < 1 and Tu < W), which 
correspond to what are actually observed in our field sites. A salient feature of 
this model is a recursive structure in its optimal conditions that assures tractabil-
ity of the analysis, while maintaining a realistic description of farmer's choice 
(Greenwood et al. 1988). Equations (17) and (18), derived from the first-order 
conditions with respect to Lv s, and D, simultaneously determine Lt and s: 

Fx-PGx = 0 (17) 

PG2 + c-a{b'(s)s + b(s)} = 0. (18) 
Then given the choice of L; and s determined above, transition equation (7) and 
equation (19) simultaneously determine how the optimal upland area changes: 

tu = D-b(s)sTu, (7) 

X= U{.)[a {p + b(s)s} - {PG2s - c[l - s]}], (19) 
where X is the shadow price of upland area. 

Table 7.17 summarizes the results of comparative statics at the steady 
state, where X = fu = 0 hold. Figure 7.2 presents the phase diagram on Tu and 
D plane. An increase in El shifts the X = 0 locus to the left and reduces the slope 
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TABLE 7.17 Theoretical relationships among variables: Results of 
comparative statics 

Upland Upland Cleared 
Lowland Cropping Cultivation Forest 

Labor Intensity Area Area 
Increase in (s) (D*) 
Lowland production efficiency (is,) + - - -
Lowland farm area (Tt) + - - -
Price of upland products (P) - + + + 
Unit cost of forest clearance (a) + - (?) -
Tenure insecurity parameter (c) - + - (?) 
NOTE: (?) indicates ambiguous. 

of the t = 0 locus. Thus, an improvement in lowland production efficiency (E^ 
leads to a smaller upland shifting-cultivation area and a lower deforestation rate 
at the steady state. These results are consistent with our intuition. 

An interesting result is the effect of changes in the security of property 
rights in upland (c). A deterioration of tenure security represented by an in-

FIGURE 7.2 The saddle path leading to the steady-state shifting-cultivation area 

(D) (cleared forest area) 
A 

i = 0 (Change in X, which is shadow value of D) 

tu = 0 

0 tu (shifting-cultivation area) 
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crease in c lowers the upland area at the steady state. This is because farmers 
cultivate the existing upland more intensively (represented by higher s) to se­
cure the right to cultivate. This result is generated from the assumption that is 
opposite the usual assumption that presumes the establishment of secure land 
rights in cleared land (Anderson and Hill 1990). The effect of change in c on 
the steady-state deforestation rate, however, is ambiguous. 
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8 Common Property Forest Management 
in the Hill Region of Nepal 
TOWA TACHIBANA, HARIK. UPADHYAYA, 
RIDISH POKHAREL, SANTOSH RAYAMAJHI, 
AND KEIJIRO OTSUKA 

Physically, Nepal is an extremely diverse country. It includes the flat plains of 
the Tarai in the south and the sloping terrain of the middle hills and the snowy 
peaks of the mountains in the north. The climatic environments also vary 
greatly, ranging from warm tropical in the south to cold temperate in the north. 
It has a total land area of about 14 million hectares, of which 23 ,42 , and 35 per­
cent fall in the Tarai, hill, and mountain regions, respectively. Less than 20 per­
cent of the total land area is cultivated, with a major portion (56 percent) lo­
cated in the Tarai. The hill and mountain regions account for only 37 percent 
and 7 percent of the cultivated area, respectively. Although all of the Tarai is 
generally accessible, many parts of the hills and most of the mountains are in­
accessible by roads. Because of relatively greater accessibility and better 
prospects for agriculture in the Tarai, a large number of people from the hilly 
areas have migrated to this region, especially since the eradication of malaria 
in the 1960s. As a result, the Tarai population has grown rapidly to reach al­
most half of the country's total population of 22 million at present. 

With a per capita income of about $225, Nepal is one of the poorest coun­
tries of the world. Nearly one-half of the population falls below the national 
poverty line, and two-thirds of the people fail to earn $ 1 per day. Poverty is par­
ticularly serious in more remote parts of the hills and the mountains. Overall, 
the infrastructure is underdeveloped, but its development varies significantly 
across regions. Accordingly, regional disparities in income and employment 
opportunities are large and persistent, with the hilly and mountainous areas hav­
ing poor access to such opportunities. 

More than 85 percent of the Nepalese people live in rural areas, where 
agriculture and its related sectors dominate economic activities. Although the 
share of agriculture in the GDP has fallen significantly, from 72 percent in 1975 
to 40 percent in 1997, a vast majority of the rural people, in particular women, 

We thank Bob Allen and Yujiro Hayami. We are also grateful to Rabindra M. Tamrakar, who ana­
lyzed aerial photographs. This research was partly supported by a grant from the Japan Economic 
Research Foundation. 
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still depend heavily on this sector for income and employment opportunities. 
In fact, agriculture employs more than 80 percent of the total labor force, com­
pared with a meager 4 percent employed by the manufacturing sector. Thus the 
overall well-being of the Nepali people is greatly influenced by agriculture, 
which has remained largely traditional and subsistence-oriented. 

Forests influence Nepali life and agriculture in several important ways. 
Besides contributing to natural watershed conservation and environmental bal­
ance, forests supply timber, fuelwood, fodder, grasses, leaf litter, and many 
other minor forest products, which are necessary for daily household use and 
agricultural production. They also provide raw materials to wood-based indus­
tries and promote tourism, which is an important source of foreign exchange 
earning of Nepal (Nepal, National Planning Commission 1997). 

Fuelwood, which is supplied by the forests, is the most important source 
of energy for cooking in Nepal. The cooking energy supplied by fuelwood is 
nearly 68 percent for the entire country and more than 90 percent for the hill and 
the mountain regions. More than three-quarters of the households in Nepal and 
90 percent of the households in its hilly regions use fuelwood for cooking. 
About 84 percent of the households collect fuelwood in Nepal, whereas almost 
all of the households do so in the hilly regions (Nepal, Central Bureau of Sta­
tistics 1996). More than two-thirds of the households collect fuelwood from 
public forests, whereas nearly one-fifth collect it from their own private land. 
National fuelwood demand has been estimated at nearly 15 million tons per 
year, of which agricultural land supplies about 3 million tons. The rest has to be 
supplied by the forests. Almost all the hilly districts have a shortage of fuelwood. 

Livestock raising is an integral part of the farming system in Nepal, par­
ticularly in the higher altitudes, and is more common among the poorer house­
holds, that is, the small and marginal farmers and landless households. It con­
tributes about 31 percent to agricultural GDP, of which 62 percent comes from 
the hilly regions. Nearly three-quarters of the total Nepali households keep cat­
tle, and half of them keep buffaloes, goats, or poultry. The average livestock 
herd contains 3.3 cattle, 2.2 buffaloes, 4.1 goats/sheep, 1.7 pigs, and 7.3 poul­
try (Nepal, National Planning Commission and Asian Development Bank 
1995). Crop residue contributes 47 percent to the livestock feed; the rest of the 
feeding requirements are met from forests, shrublands, and grazing lands. The 
total fodder requirement is estimated at nearly 8 million tons per year. As many 
as 65 percent of the districts in the country experience severe fodder shortages, 
and most of these districts are in the hill and the mountain regions. 

The frequency and level of chemical fertilizer application to crops in 
Nepal are among the lowest in the world. Use of chemical fertilizer is most com­
mon in rice and wheat. However, fewer than half of the farming households ap­
ply fertilizer to rice, and only about one-third do so to wheat. A major source 
of fertilization is compost, which is made from animals' dung and leaf litter 
used as bedding materials for animals. Traditionally, fodder, grasses, and leaf 
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litter were mostly obtained from the forests. In recent years, however, the avail­
ability of such materials from the forests has been greatly reduced. 

Despite the importance of forests for subsistence farming and largely self-
sufficient life, Nepal 's forest area has declined from 45 percent of land area in 
1964 to 29 percent in 1998. Such decline took place primarily in the Tarai, 
where timber production is particularly important. In the hills, forest area did 
not decline, but the quality of forest has deteriorated considerably owing mainly 
to excessive extraction of firewood and overgrazing (Metz 1991; Soussan, 
Shrestha, and Uprety 1995). How to maintain and improve forest conditions is 
therefore an urgent and critical issue in Nepal. We seek to analyze the effec­
tiveness of community management of copse forests in the hills in this chapter 
and timber forests in the inner Tarai in the next chapter in comparison with the 
experience of timber forest management during postwar Japan. 

The organization of this chapter is as follows. The major analytical issues 
of community or common property forest management and our hypotheses are 
discussed in the next section, which is followed by a brief review of historical 
changes in forest management systems in the hill region of Nepal. We then dis­
cuss the sampling strategies used in the extensive study of forest management 
and the intensive study of the management of firewood collection along with a 
description of the conditions and management rules of sample forests. The dis­
cussion of the extensive study is divided into subsections on the analyses of the 
determinants of the emergence of forest user groups and their consequences on 
forest management. The discussion of the intensive study includes subsections 
on a theoretical framework, empirical specification, and estimation results. Fi­
nally, the policy implications synthesized from both studies are summarized in 
the last section. 

Issues and Hypotheses 
Community management of local natural resources, such as forest, water, and 
rangeland, has been receiving increasing attention in the development literature 
as a potentially effective institutional arrangement to regulate the use of these 
resources (Bardhan 1993; Baland and Platteau 1996; Hayami 1997). Having 
perceived the failures of the central government's ownership and control, in­
ternational donor agencies and the governments of many developing countries 
began to adopt the participatory community approach, in which the local re­
source users are entrusted to manage natural resources (FAO 1989; World Bank 
1996). The promotion of this new policy has been supported by the new de­
velopment in economic theory, particularly in the game theoretic fields, that 
suggests the possibility of avoiding the tragedy of the commons under a vari­
ety of conditions (Pearce 1992). Further, several authors argue that community 
management is potentially an effective institutional arrangement to attain 
efficient use of local natural resources, particularly if it is granted formal and 



276 Towa Tachibana et al. 
assured land rights (Runge 1981; Ostrom 1990; McGranahan 1991; Bromley 
1992; Ostrom and Gardener 1993; Baland and Platteau 1996). 

Under the private ownership system every owner must exert effort to pro­
tect his or her property. In the case of forest resource management, we expect 
that the cost of protection will be particularly high if the resources are minor 
forest products grown in areas away from residential areas. This is because it is 
highly costly to identify the property from which these minor products are ex­
tracted. Tiny private forests are developed near farmers' residence in some 
places, and fodder trees are often planted on edges of private fields in the hill re­
gion of Nepal, because it is easy to oversee such forests and plantations. As will 
be seen in Chapter 9, the cost of protection tends to be lower and the importance 
of silvicultural operation higher in the case of timber forests, so that individu­
alized arrangements compatible with work incentives are more important. The 
cost of protecting minor forest products, however, may be economized by or­
ganizing collective action in patrolling and guarding community resources un­
der a common property regime (Grafton 2000).1 It is also argued that commu­
nity management will be efficient in traditional communities where people 
know one another and are tied by kinship and other enduring personal relation­
ships (for example, Hayami 1997). In such circumstances, transaction costs of 
formulating management rules over community resources and enforcing them 
may not be too high, and hence the use of resources may be effectively regu­
lated. A recent theoretical study based on evolutionary game theory demon­
strates that whether forest resources are depleted under a common property 
regime depends on the cost of sanctions that maintain cooperative behavior 
among its members (Sethi and Somanathan 1996). Further, Aoki (2000) argues 
that to the extent that the threat of social ostracism is credible, cooperation in 
the commons game can become the norm of behavior in the village community. 

In contrast to the development in theoretical studies, there have been rel­
atively few empirical studies exploring the efficiency and effectiveness of lo­
cal community management of natural resources.2 Given the various outcomes 
predicted by theoretical analyses, it is clearly an empirical question whether 
community management of natural resources is effective in conserving and pro­
tecting common property resources. This study attempts to assess the feasibil­
ity and the effectiveness of forest resource management under the community 
management system based on a case study of community forests in the hill re-

1. Community ownership or common property system is defined as a system in which re­
sources are subtractable like private goods and are owned and used jointly by a group of people. It 
is generally presumed that the exclusion of users is costly to a varying extent. See Ostrom (1990), 
who proposes to call resources with imperfect excludability common-pool resources. 

2. See Wade (1988); Stevenson (1991); Fujita, Hayami, and Kikuchi (1999); Bardhan 
(2000); and Chapter 9 in this volume, among others. See also Arnold (2001) for a recent survey of 
the literature on the community forest management. 
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gion of Nepal. First, we attempt to identify factors facilitating or impeding the 
formation of community management systems. Second, we explore the conse­
quences of different types of community forest management on forest condi­
tions. Third, we assess the effectiveness of forest management rules under dif­
ferent institutions through an analysis of firewood collection behavior by 
individual forest users. 

Specifically we postulate the existence of a U-shaped curve to describe 
changes in forest resources over time, in which deforestation is followed by re­
forestation (see Figure 1.3 in Chapter 1). The deforestation phase can be ex­
plained by open access to forest resources coupled with increased population 
pressure, whereas the reforestation phase can be explained by the emergence of 
effective community management. This hypothesis maintains that organizing 
community members, introducing management rules, and enforcing them are 
costly, and hence community management is introduced only when the benefit 
of initiating such management exceeds the cost. In other words, we argue that 
the benefit of initiating community management exceeds the cost of setting up 
such a system only when forest resources have become sufficiently scarce and 
valuable. We further hypothesize that community forest management, particu­
larly the formal user group system, which has received official use rights of 
forests and support for management from the forestry department, is effective 
in reducing the overexploitation of forest resources. 

Historical Changes in Forest Management 
The hill region lies over the altitudes from 700 to 2,000 meters (Figure 8.1). Be­
cause of its rugged geographical conditions, the majority of inhabitants in the 
hill region of Nepal have unfavorable access to urban markets. Even now it is 
not exceptional to walk over hilly trails for a few days to reach one 's village 
from the nearest market town. As a result, the main economic activity has been 
subsistence farming with minimum dependence on purchased inputs, such as 
chemical fertilizer, and the main source of household energy has been almost 
exclusively firewood. Furthermore, farmers depend on low value ("minor") for­
est products such as leaf fodder and grasses to feed livestock for milking, plow­
ing, and making composts. Compost application is indispensable to maintain 
the soil fertility of terraced fields located on steep slopes. Even leaf litter col­
lected from the forest is used as bedding material for livestock in order to col­
lect nutrients contained in urine. 

Historically under the feudal Rana regime, from 1846 to 1950, local gov­
ernment officials had controlled harvesting of timber trees in the forests. Such 
control was particularly strict in areas near the Tarai and main roads, which had 
favorable access to timber markets in India. Even in remote areas where mar­
ket access was unfavorable, permission was required to fell timber trees for own 
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FIGURE 8.1 Location of sample forests in the midhills of Nepal 

A Resurvey 

use, such as the construction of houses.3 In contrast, the collection of minor for­
est products was usually unregulated, which would reflect the abundance of 
such resources at that time. 

The feudal system, however, collapsed in 1950 and was followed by po­
litical upheaval and accelerated population growth. It is alleged that massive 
deforestation, highlighted by rampant felling of timber trees, began in the 1950s 
with the gradual collapse of the feudal forest management system (Gilmour and 
Fisher 1991). In order to arrest deforestation, forest areas were nationalized in 
1957. With a limited number of forestry officers, however, the government 
could not implement the nationalization policy effectively except in the Tarai 
and the areas near district headquarters in the hill region (Bromley and Chapa-
gain 1984; Graner 1997). According to our interviews with village elders, most 
forest users did not perceive that their forests were nationalized until cadastral 
surveys were conducted one or two decades later. Other factors, such as popu­
lation pressure, would also have been responsible for deforestation (Gilmour 
and Fisher 1991). 

3. It is not clear how strictly the regulation on timber harvesting was applied to the remote 
hill regions. Graner (1997: chap. 2) suggests that the Rana regime attached great importance to the 
forests even in the hill region. Gilmour and Fisher (1991: chap. 1) argue, however, that the central 
government of Rana promoted forest clearance in most areas of the hill region and protected lim­
ited forest areas as a source of fuel for manufacturing arms. In our field interviews, many older re­
spondents recalled that, with required payment, it was not too difficult for them to obtain permis­
sion for timber harvesting during the Rana regime. 
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While the loss of forest area has been the major form of deforestation in 

most developing countries (see, for example, Deacon 1994), degradation of for­
est conditions has been the major concern in the hill region of Nepal. Indeed, 
based on aerial photographs taken in 1964-65 and 1978—79, it is reported that 
the loss of forest area had been negligible (Metz 1991; Soussan, Shrestha, and 
Uprety 1995). This is because most of the cultivable land had already been con­
verted to farmland in the hill region by the first half of the twentieth century. 
According to our own estimates based on aerial photographs taken in 1978 and 
1992—96, the average proportion of forest area in village development councils 
(VDCs),4 which are local administrative units, changed only slightly, from 35.2 
percent to 35.7 percent. 

However, as will be seen, crown cover declined in many sample forests 
for the same period, indicating that the quality of forests has generally deteri­
orated. In the forests near main roads, timber extraction for market sale by vil­
lagers as well as outsiders has been a serious problem. In the more remote ar­
eas, however, timber trees were cut primarily for the construction of houses 
and cremations in the villages. Other direct causes for declining crown cover 
were grazing and the collection of firewood and leaf fodder for own consump­
tion. Grazing is a major threat to forest regrowth, as cattle eat and step on 
seedlings and coppices. Although collection of dead and dry branches does not 
deteriorate the forest condition, cutting live branches for firewood and fodder 
results in major damages. As population increased, the intensity of grazing and 
the extraction of firewood and fodder increased, resulting in degradation of for­
est conditions. 

The shortage of forest resources led to the reduction in the number of live­
stock and increased time allocation for the collection of forest resources from 
distant forests, which had traditionally been used by different communities or 
hamlets (Kumar and Hotchkiss 1988; Cooke 1998). This invasion of other 
forests has often created conflicts among people from different communities. 
Responding to continued deforestation and increasing conflicts, some commu­
nities spontaneously began to form informal forest user groups (IFUGs) to man­
age forests, even though the government possessed the legal ownership titles. 
It should be noted that such IFUGs were formed based on customary access 
rights to forest, but not on residence within political boundaries. Thus, it is not 
uncommon to find cases in which several hamlets from different VDCs form an 
IFUG.5 These IFUGs began to exclude outsiders from the use of their own 

4. The local administrative hierarchy in Nepal consists of (in order from large to small units) 
development region, district, VDC, and ward. Usually there are several hamlets in each ward. 

5. Hamlet (to/ in Nepali language) is not the geographically minimum unit for the member­
ship of a forest user group. Although not so common, we encountered a case in which some house­
holds are members of a forest user group and others are those of another user group even within 
the same hamlet. 
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forests and to regulate the extraction of timber and other forest products by the 
user group members.6 Gilmour (1989), Messerschmidt (1990), Gilmour and 
Fisher (1991), and Fox (1993), among others, indicate the burgeoning success 
of such indigenous forest management systems based on the results of several 
case studies in the early stages of their evolution. 

Having observed favorable effects of forest user group management on 
forest conditions, the Government of Nepal has officially promoted the com­
munity management of forests since the late 1980s (Nepal, Ministry of Forests 
and Soil Conservation 1988). The policy of handing over formal usufruct rights 
to the user groups or the people who actually used forests was legalized in the 
amended Forest Act of 1987. The new legislation requires those communities 
that wish to obtain use rights of forests to form a formal forest user group 
(FFUG). The submission of a constitution and a management plan, in accor­
dance with the guidelines prepared by the Ministry of Forestry, are required, 
and these must specify the rules of forest management agreed on by all com­
munity members. The ultimate ownership of forestland, however, still remains 
with the government. FFUGs established under the Forest Act include tradi­
tional and recently formed IFUGs. 

The legal status of FFUGs has been further strengthened by the New For­
est Act of 1993, following which (1) handing over is decided at the District For­
est Office (DFO) level, (2) FFUGs can use the revenue from community 
forestry for purposes other than forest protection and management, and (3) 
FFUGs have the freedom to make changes in the management plans submitted 
earlier to the DFO (Karki et al. 1994). 

Sample Forests, Forest Users, and Management Rules 
Sample Forests 
Nepal consists of five development regions: eastern, central, western, mid-
western, and far western. Initially, we randomly sampled 100 forests from the 
whole hill region in proportion to the relative importance of forest area in each 
region compared with the total hill area.7 A minimum forest size of 10 hectares 
was imposed in order to apply aerial photo analysis with sufficient accuracy. 

6. Although the organizational structures of the IFUGs are diverse, it is common to select 
committee members in a general meeting. These committee members are entrusted with forest man­
agement activities, such as the selection of deformed and densely growing trees that are allowed to 
be felled by members of user group without deteriorating the overall forest conditions. There are 
also cases in which the leaders of the local administration are chosen to be the leaders of informal 
community forest management. In contrast, the formal user groups must select committee mem­
bers by election. 

7. By chance, we happened to select a few forests from the lower hills called Siwalik Moun­
tains with altitudes of 300 to 700 meters. 
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Fifty forests were chosen from the nonremote areas and another 50 from remote 
areas; remoteness is defined by a distance of more than 10 kilometers from the 
main road as well as more than 15 kilometers from district capitals. Roughly 
speaking, nonremote forests can be reached within half a day 's walk from the 
main road. Because of the inconsistency and the unreliability of some data, this 
study focuses on 74 sample forests.8 

As is shown in Table 8.1, nonremote forests are located substantially 
closer to local markets and offices of forest rangers, who are in charge of local 
forest management. The average size of community forests in nonremote areas 
is about 70 percent of those in remote areas. In contrast, the number of user 
households is much larger in nonremote areas. As a result, the average forest 
area per user household in nonremote area is nearly one-half of that in remote 
areas. Therefore, population pressure on forest resources tends to be higher in 
nonremote areas. Such areas, however, have better access to alternative sources 
of energy for firewood, such as kerosene and biogas, and to chemical fertilizer, 
which is a major substitute for compost. Although population pressure will 
stimulate the emergence of spontaneous community forest management, fa­
vorable access to markets may hinder it. 

According to Table 8.1, the proportion of sample forests managed by user 
groups, either formally or informally, is much higher in nonremote forests.9 
This may be explained by the deteriorated forest conditions in nonremote areas 
due to severe population pressure that led to the formation of forest user groups. 
As a matter of fact, the average crown cover in 1978 was 39 percent and 49 per­
cent in nonremote and remote sample forests, respectively. According to the re­
sults of our group interviews, shortage of forest resources was the single most 
important reason to initiate the user group management in 70 percent of forest 
user groups. 

Another important factor affecting the formation of user group manage­
ment may be the direct intervention by the DFO. IFUGs are voluntary organi­
zations that manage forests owned officially by the government. Since no for­
mal use rights are granted, the IFUG may face difficulties in excluding outsiders 
and internal violators. Once the forest is handed over to the user group, secure 
use rights are granted, unless the user group grossly violates government regu­
lations, such as felling mature timber trees without permission. The proportion 
of registered forests managed by FFUGs is definitely higher in nonremote ar­
eas (Table 8.1). This seems to reflect the fact that because of budget and per-

8. In certain areas, our survey teams had difficulty in locating sample forests chosen by the 
use of aerial photos. In this study, we have omitted those 26 sample forests that might not have been 
investigated by our survey teams by mistake with positive probabilities. 

9. Actually several IFUGs are inactive, as evidenced by the absence of management rules 
and activities. Based on the results of our interview, we treated these cases as no user group man­
agement. 



282 Towa Tachibana et al. 

TABLE 8.1 Basic characteristics of sample forests 
Nonremote Remote 

Forests Forests 
Number of forests 38 36 
Traveling time to (hours) 

Nearest local market 1.04 1.29 
Nearest ranger office 6.24 5.90 

Size of forest (ha) 86.1 117.8 
Number of user households 187.9 132.8 
Average forest area per household (ha) 0.46 0.89 
Proportion of user group management (percentage) 92.1 50.0 
Proportion of formal user groups (percentage) 74.3 33.3 
SOURCE: Extensive forest survey. 

sonnel constraints, DFOs have assisted primarily those user groups that are eas­
ily accessible. 

Local DFO staffs also provide technical support for forest management, 
including the provision of seedlings for rehabilitation of degraded forests. The 
DFOs occasionally visit the formally managed forests to check forest condi­
tions and user group activities. If they detect violations of management rules, 
they are expected to assist user group committees to implement punishment. In 
fact, users of the registered forests generally perceive that the enforcement of 
the rules of community forest management has become more effective since the 
forests were registered. Another major role of DFOs is to detect any serious 
conflicts over management rules among forest users proposed by IFUGs. The 
DFOs refuse to hand over forests to user groups if conflicts are found. As 
pointed out by Aoki (2000) and Baland and Platteau (1996), it is clear that the 
introduction of the third party, that is, DFO, has changed the nature of com­
munity management strategies. 

As is shown in Table 8.2, relatively few IFUGs were formed before the 
mid-1980s. Since the change in government policy in favor of community user 
group management in 1987, not only has the number of IFUGs increased, but 
a sizable number of FFUGs were also established. The initiation of some user 
group management may have been inspired by the opportunity to acquire for­
est use rights. In fact, several user groups were set up as FFUGs from the be­
ginning with the direct assistance of the DFO, even though the majority of 
FFUGs had formerly been active IFUGs. 
Forest Conditions and Management Rules 
If there are no regulations on the extraction of forest resources, the tragedy of 
the commons will inevitably take place, resulting in overexploitation and dete-
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TABLE 8.2 Number of user groups initiating informal and formal management 
by period 

Informal User Group Formal User Group 
1966-70 4 
1971-75 1 
1976-80 4 
1981-85 3 
1986-90 20 1 
1991-97 21 31 

Total 53 32 
SOURCE: Extensive forest survey. 

rioration of forest conditions over time (Hardin 1968). In the standard economic 
model of common property management (for example, Dasgupta and Heal 
1979), the crux of the management issue is how to prevent socially excessive 
exploitation of resources arising from the failure of coordination among re­
source users. In the reality of Nepal, overexploitation has already taken place, 
and forests have been seriously degraded. At present, the more important man­
agement issue is how to regenerate forest resources rather than simply protect­
ing them. Thus, the extraction of scarce forest resources is not only regulated 
but also often prohibited by the user groups in the short run. 

One of the critical questions is whether and to what extent the policy of 
handing over forest use rights to the community is effective in enhancing the 
efficiency of forest user group management. In practice, IFUGs often perceive 
that the local forests, which they have used for many years, belong to them. 
Based on such a perception, they voluntarily undertook forest management. 
Thus, some researchers argue that IFUGs have been successful in protecting 
forests in a sustainable manner, even though they do not possess official use 
rights (for example, Fisher 1989; Fox 1993). Others, however, disagree (for ex­
ample, Gilmour, King, and Hobley 1989). According to our field interviews, 
management rules are more effectively enforced under FFUG management 
than their informal counterparts, primarily because the enforcement of man­
agement rules is supported, implicitly or explicitly, by the authority of the DFO. 

We conducted an analysis of aerial photos taken in 1978 and 1992—96, in 
order to obtain information on general forest conditions and their changes over 
time. The most important indicator of forest conditions generated by the aerial 
photo analysis is the proportion of crown cover. The results, however, were not 
wholly satisfactory, primarily because it is difficult to distinguish between the 
canopies of big trees and short bushy trees generated by coppices of felled trees. 
As a result, relatively small differences and changes were found in crown cover 
across forests under no management, IFUG and FFUG management, and over 
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TABLE 8.3 Forest conditions in 1978,1992-96, and 1997 by management regime 
in 1997 

No User Informal Formal 
Group User Group User Group 

Number of forests 21 21 32 
Crown cover (percentage) 

1978 42.4 31.4 31.9* 
1992-96 38.6 33.3 28.1* 

Biomass per hectare in 1997 (ton/ha) 143 135 131 
Number of regenerated trees 

per 100 square meters in 1997 31.0 33.0 47.4* 
SOURCE: Extensive forest survey. 
NOTE: Statistical test is performed on difference in the mean values between no user group 
management and user group management. 
*.05 level 

time (see Table 8.3). A closer examination suggests, however, that forest con­
ditions in the absence of user group management deteriorated more rapidly, 
even though they were more favorable than those under IFUG and FFUG man­
agement in both 1978 and recent years. These observations are consistent with 
our hypothesis that deforestation is followed by reforestation as a result of the 
formation of user group management. On the other hand, there is no clear in­
dication that forest conditions were improved under FFUG management. Re­
call, however, that FFUG management was initiated mostly in the 1990s, so 
that the impact of FFUG management on changes in crown cover from 1978 to 
1992—96 may not yet have emerged. This is another limitation of the use of aer­
ial photos for our analysis. 

In the hill region of Nepal, the most important forest resources for local 
users are not timber but minor forest products, such as firewood, leaf fodder, and 
leaf litter. It is therefore appropriate to use the biomass of all trees, rather than 
timber volume, for the analysis of management of forest resources in this region. 
Thus, we conducted a forest inventory assessment in which we directly meas­
ured the density and distribution of various tree species of different sizes in sam­
ple forests. We also measured the rate of regeneration of young trees (that is, 
shorter than breast height). Given that user group management was initiated rel­
atively recently and that the major means to restore forest conditions is to gen­
erate coppices by strict protection, the rate of regeneration seems to be a more 
appropriate indicator of the effects of user group management than biomass. 

It must be pointed out that the measurement of density and distribution of 
various trees in community forests in the hill region of Nepal is not an easy task, 
so we applied a sampling formula for the selection of sample plots. We antici­
pate that some measurement errors are inevitable, particularly when forests are 
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large and their conditions are not uniform (see Rayamajhi and Pokharel 1998 
for details of forest measurement). 

It is interesting to find that the average biomass per hectare was greatest 
in the absence of user group management in 1997 (Table 8.3). In terms of the 
regeneration of trees, however, FFUG management seems to perform best. It is 
likely that the regeneration rate was low under IFUG management essentially 
because forests were so degraded that recovery required both time and strict 
protection. On the other hand, regeneration was poor without user group man­
agement despite the large stock of biomass, which is likely to reflect the ab­
sence of management. In contrast, the regeneration rate is high under the FFUG 
management despite meager endowment of biomass. Such differences can be 
explained by the effect of FFUG management on the regeneration of young 
trees. Overall, the above observations seem consistent with the hypothesis of 
U-shaped changes in forest conditions over time, in which forest conditions de­
teriorate when forest resources are abundant and improve after initiation of user 
group management, particularly that of FFUGs. 

The restrictions on cutting timber trees by user groups have been effec­
tively enforced, as they are bulky resources, and hence the cost of their protec­
tion is relatively low. Major management rules on the extraction of minor for­
est products are either the restriction on the number of days on which members 
of the user group are allowed to collect forest resources or the total prohibition 
of harvesting for a given period of time to facilitate regeneration. Slightly less 
than one-half of user groups employ watchers or adopt rotational patrolling, and 
mutual supervision is attempted by all user groups. Although the restriction on 
the collection of dead and dry branches is important to prevent the excessive 
collection of firewood, more important regulations for regeneration and recov­
ery of forest conditions are the restrictions on cutting green branches and graz­
ing of livestock. Cutting green branches and young trees except for deformed 
ones, very low branches, and those in dense patches must be strictly controlled 
for successful regeneration of trees. 

Table 8.4 summarizes the regulations on the extraction of minor forest 
products implemented by IFUGs and FFUGs. The numbers simply indicate 
whether the user groups adopt some regulations or not, as it is difficult to as­
sess the severity or intensity of regulations. For example, we cannot always as­
sume that the total prohibition of resource extraction is stricter than regulated 
extraction of the resources as a management rule, because it is often desirable 
to remove some trees that are densely grown as well as low-lying branches to 
improve forest conditions. 

Several important observations can be made from this table. First, as is ex­
pected, no management rules are adopted in the forests without a user group. 
This indicates that forest is open access, at least for community members, un­
less user group management is introduced. Second, it is clear that all the 
FFUGs, as well as almost all the IFUGs, adopt some regulations on the extrac-
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TABLE 8.4 Frequency of sample forests adopting regulations on forest resource 
extraction/use, by management regime, in 1997 

No User Informal Formal 
Group User Group User Group 

Number of sample forests 21 21 32 
Number of forests with regulations on 

Green firewood collection 0 19 32 
Dead firewood collection 0 3 14 
Grazing 0 8 12 

SOURCE: Extensive forest survey. 

tion of green firewood, which include prohibitions and regulated extractions.10 
Since such regulations are of critical importance for protection of forests, not 
only FFUGs but also IFUGs implement some regulations. Thus, we cannot dis­
tinguish between the two management regimes in terms of the frequency of reg­
ulations of green firewood extraction. Third, the regulation of the collection of 
dead branches is less strict than that of green firewood, as it does not affect the 
forest conditions in the future. Fourth, the collection of dead branches is sel­
dom regulated in informally managed forests, whereas it is regulated in nearly 
one-half of the formally managed forests. Thus, it seems reasonable to hypoth­
esize that FFUGs manage forests more strictly than IFUGs by adopting stricter 
management rules, even though both manage forests to some extent, unlike the 
case of no user group management.11 

Grazing is sometimes prohibited or allowed only in areas where trees are 
mature under user group management. Even if grazing is not explicitly prohib­
ited, grazing is not feasible if the forests are "closed," as will be explained 
shortly. While regulations of grazing have become stricter over time, regula­
tions of firewood collection have remained largely the same. 

10. We gathered that young trees are not allowed to be cut for firewood even in those two 
IFUGs that do not have explicit rules on the extraction of green firewood. In these user groups, the 
users can enter their forests only with their neighbor households, usually four to five, for mutual 
supervision. Furthermore, their forests can be easily seen from their village residential areas. 

11. To corroborate this hypothesis statistically, we attempted to estimate a simultaneous 
equation system in which the selected dummy variable for the presence of regulation (that is, for 
the collection of green firewood and dead and dry branches) is regressed on management regimes, 
among others, in the first-stage probit regression and the regeneration rate of young trees is re­
gressed on the predicted management-rule dummy in the second-stage regression. This formula­
tion, however, is not workable, because the management regime dummies used as regressors in the 
first-stage probit regression almost fully "explain" the dependent variable. In other words, the 
difficulty in estimation arises from the facts that no management rule is adopted without user groups 
and that either almost all FFUGs and IFUGs adopt some regulations, as in the case of green fire­
wood extraction, or only a very few IFUGs adopt some regulations, as in the case of dead firewood 
extraction. See Greene (1997:892) on this point. 
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There are several ways to regulate forest resource extraction. Generally, 

prohibition implies that nobody is allowed to enter the forest except for man­
agement purposes organized by the user group committee, rather than simply 
prohibiting the cutting of trees and green branches. Similarly, rules of regulated 
use specify "open days" during which specific groups of user households are 
allowed to collect resources under the supervision of forest user group com­
mittee members. Potentially these regulations can be effectively enforced, as 
those who enter the forest on "closed days" are in principle immediately caught 
(see, for example, Chhetri and Pandey 1992).12 The extraction of forest re­
sources by a group of people on the same day facilitates mutual supervision. 
Furthermore, the extracted resources are usually piled up in one location at the 
end of the open day and are shared equally among the participating households 
in most cases. This practice reduces incentives to extract forest resources ex­
cessively.13 The same regulations were widely employed in community forest 
management in prewar Japan (see, for example, McKean 1992; Chapter 9 in 
this volume). 

Punishment rules differ from community to community. In general, for 
first-time offenses of illegal extraction of firewood a fine may be imposed that 
is equivalent to the value of the extracted firewood. The second and third of­
fenses are subject to escalated punishments, which are stated in the manage­
ment rules in the case of the FFUGs. In practice, repeated offenses seldom take 
place, and even if they do, the escalated clauses with severe punishments may 
not be applied to fellow community members. According to field interviews 
with the committee members of several user groups, illegal activities have been 
reduced after handing over, because such activities are more likely punished 
strictly because of the involvement of local DFO staff in the forest manage­
ment. In general, the use of watchers is less common and the punishment less 
strict in the case of informal forest management. 

Although concrete evidence is hard to come by, we believe that commu­
nity norms play a significant role in the enforcement of community manage­
ment rules. Since villages are geographically isolated in the hill region of Nepal, 
social interactions among villagers are intense. Farmers collectively participate 
not only in the management of forests but also in the management of local 
schools, irrigation and drinking water systems, festivals, funerals, and religious 
ceremonies. As Aoki argues (2000), linking management "games" with social 
activities generating social surplus may lead to a situation whereby cooperative 
behaviors become the community norm. Yet, in practice, cooperation in forest 

12. We found an interesting regulation in which one tree is allocated to each household each 
year without specifying open and closed days. A household can cut its tree at any time, but only 
under the supervision of the committee members. 

13. However, other sharing rules seem to have been increasingly adopted, such as the shar­
ing based simply on one's collection of firewood on open days. 
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management seldom overlaps with cooperation in irrigation and drinking 
water management or other spheres, such as management of schools. This is 
because the relevant groups for management of forest and water resources are 
generally different; whereas forest management tends to be carried out jointly 
by a certain number of wards or villages, other social activities are often car­
ried out by a ward or even hamlets within a ward. It seems that although such 
linkages are likely to play a role in reducing noncooperative behavior in forest 
management, it is difficult to identify the specific social activities that are 
closely linked with forest management. 
Sample Forest Users 
We conducted a survey of forest users by randomly selecting five households 
in each sample forest. Approximately 70 percent of our sample households re­
ported some positive extraction of firewood from our sample forests. Other im­
portant forest resources include timber, leaf fodder, grasses, and leaf litter. 
Since the felling of timber trees without permission is prohibited and large 
fallen trees are infrequently harvested, their extraction is hardly amenable to 
statistical analysis based on household data for a single year. The extraction of 
other minor forest resources is less common and less frequent than firewood. 
Excluding 16 forests in which no user households collected firewood from the 
sample forests, this study focuses on the remaining 84 forests and 349 house­
holds that collected some firewood from the sample forests by allocating fam­
ily labor.14 We must point out that the data obtained from the sample house­
holds are subject to errors considering that sample farmers had difficulties in 
reporting the exact quantities and values of extracted firewood and accurate la­
bor time allocated to firewood collection. 

Major characteristics of sample forests used for the intensive analysis of 
firewood collection are shown in Table 8.5. While 44 percent of sample forests 
were managed by FFUGs, the rest were divided equally into the cases of IFUG 
and no user group management. On the average, all three types of our sample 
forests are located in areas within 1.5 to 3 hours walking distance from the 
nearest market towns. Size of forest is largest in the case of forests managed 
by FFUGs and smallest in the case managed by IFUGs. Corresponding to the 
difference in the size of forests, the average number of user households was 
largest in the formal user forest and smallest in the informal user forest. In fact, 
there is a relatively small difference in the average area of community forest 

14. A major reason for not extracting firewood from the sample forests is the availability of 
kerosene, which is a cheaper source of energy in locations with favorable access to urban markets. 
In fact, the dummy variable representing the availability of kerosene is highly significant in the pro-
bit regression of whether households collected any firewood from the sample forests. The selection 
bias does not seem important in our statistical analysis, as indicated by the insignificance of the 
inverse Mill's ratio in the two-step analysis of the regression estimation following the Heckman 
formula. 
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TABLE 8.5 Characteristics of sample forests by type of management regime 
No User Informal Formal 
Group User Group User Group 

Number of sample forests 23 23 38 
Travel time to the nearest market (hours) 2.5 1.8 2.1 
Average forest area (ha) 120 84 163 
Average number of user households 141 112 207 
Average biomass per household (ton) 164 120 146 
Regulation on dead and dry branches 

Percentage of open-day restriction3 0 4 54 
Regulation on green branches 

Percentage of complete prohibition 0 32 65 
Percentage of restricted use 0 32 29 
Percentage with forest watchers 14b 71 89 

SOURCE: Extensive forest survey. 
"Proportion of community forests regulating the number of open days during which collection of 
dead and dry branches is allowed. 
bProportion is non-zero in no user group category, because there are four forests to which district 
forest offices sent watchers. 

per user household among the three forest management regimes. As in Table 
8.4, the average biomass per household, however, was largest in the case of 
open-access or no-user group forests and smallest in the case of forests man­
aged by IFUGs. 

In our observation, the most effective management rule is the "open-day" 
rule, which restricts the exact days during which member households are al­
lowed to collect dead and dried branches for firewood. This policy is effective 
because trespassing and the hauling of firewood collected from the forest on 
closed days can easily be detected. A little more than a half of FFUGs adopt 
some type of the open-day restriction, in which forests are open generally for a 
few days around the end of the dry season. However, only 1 out of 24 IFUGs 
adopts this system. It appears that the implementation of the open-day restric­
tion and the imposition of penalties for the violation of the rules are infeasible 
without obtaining the legal use right status and receiving support from the lo­
cal DFO. The important question is whether and to what extent the open-day 
restriction effectively reduces the extraction of firewood from the sample 
forests. 

The felling of live trees is prohibited by the national forest policy, and the 
cutting of green branches tends to be strictly regulated except for those ap­
proved by the user group committee. Cutting green branches is completely pro­
hibited in 65 percent of FFUGs, 32 percent of IFUGs, and in almost no forests 
in the absence of user groups. Only deformed trees and selected branches are 
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allowed to be cut in approximately 30 percent of both FFUGs and IFUGs (Table 
8.5). As was indicated earlier, the difference between the complete prohibition 
and the restrictive use is subtle and generally marginal. 

Basic characteristics of sampled households are displayed in Table 8.6. It 
is clear that there was no appreciable difference in the average number of house­
hold members, economically active members of 16 to 60 years of age, and lit­
erate members, as well as total size of owned land, across the different forest 
management regimes. It is interesting to observe, however, that there were dis­
tinct differences in family labor hours allocated to firewood collection in the 
sample forests, the longest of which was in the formal user group forest, fol­
lowed by the informal user group forest, and shortest in the no user group for­
est. The question is whether these observations imply that FFUG members al­
locate an excessive amount of time for firewood collection, despite the stricter 
regulations. It is also important to point out that despite having allocated the 
most time for firewood collection and having a fairly large biomass per user 
household, the amount of firewood collection was smallest in the case of FFUG 
management. As a result, the average labor productivity is approximately 25 
percent lower than that in IFUG and no user group management. We postulate 
that these differences in labor productivity arose from the fact that forest user 
groups, particularly FFUGs, restrict cutting green branches and short trees and 
days and places of collecting dead branches. We also expect that such restric­
tions will be more effectively implemented when the open-day restriction is im­
posed. In other words, the management without the open-day restriction is 
likely to be less effective and more destructive of forest conditions over time. 

The smaller amount of firewood collection from the community forests 
among FFUG households seems to be compensated for by the extraction of fire­
wood from own trees, judging from the much larger number of trees grown on 
the edges of terraced private farms and sometimes on own private forests by those 
FFUG users. Planting and growing trees, particularly fodder trees, on private land 
is an important coping strategy of hill farmers against the deterioration of forest 
conditions, including decreasing availability of leaf fodder from community 
forests (Metz 1991; Fox 1993).15 The larger the stock of private trees, the smaller 
will be the demand for firewood extracted from the community forests. 

Table 8.6 examines the potential association between caste status and the 
forest management regime. No clear-cut relation emerged from the simple 
analysis. Yet from the equity point of view it will be important to explore later 
on whether there is any relationship between social status and the amount of re­
sources collected from the community forests. 

15. There are at least two important reasons for growing private trees. First, farmers grow 
trees for firewood in response to increasing scarcity of trees in the forest. Second, since entry to 
community forests is restricted under the open-day rule, the daily need for leaf fodder must be 
satisfied from sources other than the community forests. Leftover sticks, after feeding leaves, are 
used as firewood. 
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TABLE 8.6 Characteristics of selected user households by type of 
management regime 

Number of selected user households 
Average size of household members 
Percentage of active members3 
Percentage of literate members 
Size of owned land (ha) 
Average labor hours of firewood collection 

per household per year 
Average firewood collection per household 

per year (kg) 
Number of trees grown on private land 
Proportion of high caste (percentage)b 
Proportion of low caste (percentage)0 

No User Informal Formal 
Group User Group User Group 
106 97 146 

7.4 7.9 7.3 
41 44 43 
44 51 54 

0.99 0.93 0.98 
204 238 253 

2,168 2,437 1,977 
49 61 110 
47 47 65 
10 0 1 

SOURCE: Extensive forest user survey. 
"Active members refer to those between 16 and 60 years of age. 
bHigh-caste class includes Brahman and Chhetri households. 
cLow-caste class includes occupational caste groups such as ironsmith and tailor. 

As will be discussed in more detail later, if a community forest is open ac­
cess and there is a large number of forest users, labor will be allocated up to the 
point where the value of social average product is equated with the opportunity 
wage rate, in equilibrium. In this case, the factor share of labor becomes 100 
percent, which implies that the value of output is equal to labor cost. If the ex­
traction of forest resources is restricted, the factor share of labor will become 
less than 100 percent. 

Table 8.7 compares factor share of labor, which is defined by the ratio of 
total labor cost to the value of collected firewood, by management regime. We 

TABLE 8.7 Wage rate, firewood price, and factor share of labor in 
firewood collection 

No User Informal Formal 
Group User Group User Group 

Number of selected sample households 56 67 80 
Daily female wage rate (rupees/day)3 51 56 53 
Firewood price (rupees/kg) 1.29 1.72 1.54 
Factor share of labor (percentage) 65 59 53 
SOURCE: Extensive forest user survey. 
"Female daily wage rate for compost application. 
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use the female daily wage rate of compost application as an appropriate op­
portunity wage rate, because compost application is made at the end of the dry 
season, which coincides with the peak time of firewood extraction, and because 
firewood collection is primarily a woman 's task (Kumar and Hotchkiss 1988; 
Amacher, Hyde, and Joshee 1993). Compared with the firewood price, this 
wage rate is relatively similar across wide areas.16 The data on the prevailing 
wage rate of compost application were easily collected everywhere, but it was 
much more difficult to obtain data on the price or potential value of a bundle of 
firewood, because it is seldom sold or bought among community members. It 
is not sold to market, either, unless the community is located close to towns. In 
consequence, we were able to obtain the data on firewood prices from 203 
households. Table 8.7 uses this subsample. 

Although the price of firewood is lowest in the no user group forest case, 
the estimated factor share of labor is largest, which suggests that the serious 
overextraction of firewood takes place in this open-access forest. Yet labor 
share is far below unity even in this type of forest. It seems that the firewood 
price tends to be overestimated because firewood prices are often quoted prices 
in nearby towns. It is also important to note that the firewood price was sub­
stantially higher in forests managed by IFUGs. This would reflect the larger 
scarcity of trees in these areas where forests were most degraded (reflected in 
the lower biomass per user household), and farmers only recently began to grow 
trees on their private farms. 

Extensive Study on Forest Management 

Determinants of the Emergence of User Group Management 
In order to identify the determinants of the emergence of user group manage­
ment, we employed the two methods of empirical estimation. First, we esti­
mated a probit function in which the dependent variable assumes unity when 
any types of forest user groups were set up. We did not distinguish between 
IFUG and FFUG management in this estimation, because we suspect that the 
initiation of FFUG management was affected critically by the intention of 
DFOs, which may be considered exogenous for user groups. Second, we esti­
mated an ordered-probit function in which the dependent variable is rank-order 
dummies: one for IFUG and two for FFUG management. This method attempts 
to identify factors affecting not only the formation of IFUGs but also their con­
version to FFUGs. The same set of explanatory variables are used, which in­
clude the following: the number of user households; the size of forest per user 

16. Despite the underdeveloped transportation network, wage rates are generally similar 
across wide areas owing to active interregional migration, both seasonally and permanently (Upad-
hyaya, Otsuka, and David 1990). 
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household; homogeneity of social groups represented by ethnic composition; 
the proportion of households participating in other social activities; the number 
of local administration units encompassed by a single user group; crown cover 
in 1978; the ratio of forest area in VDCs in 1978 in which our sample forests 
are located;17 and traveling time to the nearest ranger office. 

The number of user households, for which we took logarithm in actual es­
timation, is supposed to capture the transaction costs of organizing collective 
forest management, which is related with the cost of reaching agreement. If the 
fixed-cost component of setting up user group management is high, a large for­
est area may have a positive effect on the initiation of user group management, 
partly because the total benefit of forest management will be larger and partly 
because scale advantages may exist in protection activities. In order to take into 
account the effect of forest area in addition to the effect of the size of user house­
holds, we added the logarithm of forest area per user household. If the transac­
tion costs of community forest management increase with the size of user group 
and forest area, we expect to have negative effects of these two variables. We 
observed, however, that large community forests were sometimes divided into 
smaller units and were managed separately by different groups of people.18 To 
the extent that such division of forest area is effective in reducing transaction 
costs, both the number of households and the forest area per household may not 
exert negative and significant influence on the formation of user groups. It must 
also be pointed out that the data on the number of user households suffer from 
measurement errors, particularly in forests under no user group management or 
open access, because anyone can freely use resources of open-access forests.19 
Also note that owing to data limitations, we had to use current-period variables 
for the size of user groups and a few other variables to explain changes in for­
est management institutions in the past. 

The transaction costs of user group management would be affected not 
only by the size of the group and forest area but also by the group's ethnic ho­
mogeneity as well as the homogeneity of administrative units. We used the pro­
portion of the dominant ethnic group to total population to represent the effect 
of ethnic homogeneity among the users. It is usually presumed that collective 

17. When we calculated the ratio of forest area to total VDC area, we included the shrub area 
because this area also produces minor forest products. 

18. In our observation, the number of community forests dividing the forest area into smaller 
units managed by the smaller groups of people is increasing. To what extent such division will con­
tinue toward the direction of management by a few or even private management will be an impor­
tant issue. 

19. In the survey of the open-access forests, we asked villagers residing near the forest the 
names of hamlets from which residents come to the forest. Then we visited each hamlet and asked 
for the number of households. This method may lead to underestimation because of the possible 
omission of hamlets and to overestimation because some households in hamlets are not users of the 
forest under investigation. According to Graner (1997), there are also cases in which user group 
management excluded socially and economically disadvantaged users. 
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action can be more easily organized among homogeneous members. In fact, 
leaders of 85 percent of user groups stated that the user groups were formed by 
the decisions of users at large rather than by initiatives of selected leaders. 
Group homogeneity, however, may imply the lack of leadership. We also con­
sidered the number of wards (the lowest local administrative unit in Nepal) 
from which the users come to the forest as an indicator of the group hetero­
geneity. Since a ward is an administrative unit, which roughly corresponds to 
a village in other societies, transaction costs within a ward tend to be low. Thus, 
we expect that the fewer the number of wards, the lower would be the cost of 
collective management. 

We considered two variables to represent the forest conditions and access 
to forest resources in the earlier period. One is crown cover in 1978 obtained 
from aerial photo analysis. Although this indicator is not very sensitive to 
changes and differences in forest conditions, it seems to capture major changes 
and differences. We hypothesize that lower crown cover in 1978 would lead to 
greater probability of inducing the initiation of user group management.' An­
other variable is the proportion of land area under forest in 1978 for each VDC 
in which the sample forest is located. The larger the proportion of forest area, 
the lower would have been the population pressure on forest resources in the 
sample forests. This is because, even if the sample forest was degraded, users 
might have easily gone to other forests in nearby locations, if the proportion of 
forest area in the VDC was high. Thus, we expect that a higher forest cover 
leads to a lower incidence of user group management. 

We used the proportion of households participating in other social activi­
ties (that is, management of irrigation and drinking water systems and local 
schools) to capture the effects of possible linkages of forest management to 
other social activities. Finally, we included traveling time to the ranger office 
as a variable representing the influence of DFOs. If the formation of user group 
management is truly voluntary, this variable will be insignificant. To the extent 
that user groups were set up with the expectation of receiving official use rights 
or by the direct assistance from the DFO, this variable would have a negative 
effect on the formation of user groups. 

The estimation results of probit and ordered-probit regressions are shown 
in the first two columns and the last column of Table 8.8, respectively. It should 
be pointed out that the estimated coefficients in the probit estimation are con­
verted into marginal effects computed at the means of regressors but those in 
the ordered-probit estimation are not. Thus, the estimation results by probit and 
ordered-probit regressions are not directly comparable. The marginal effects of 
regressors on predicted probabilities of ordered-probit estimation are summa­
rized in Table 8.9. It is found that the number of user households has only a 
weakly significant effect if we apply a two-tailed Mest, whereas forest area per 
user household is insignificant. It appears that the size of user group per se, 
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TABLE 8.8 Determinants of the emergence of forest user group management: Probit 
and ordered-probit regressions 

Probir3 Probita Ordered-Probitb 

Intercept .235 .209 -.178 
(0.482) (.428) (-.132) 

Ln (number of households) .154 .146 .453 
(1.708) (1.636) (1.650) 

Ln (forest area per household) .050 .045 -.011 
(.689) (.643) (.043) 

Number of wards -.100* -.100* -.244* 
(-2.181) (-2.166) (-1.748) 

Ratio of households in other 
community activities -.096 

(-.522) 
Proportion of largest ethnic group .041 .019 .337 

(.135) (.063) (.391) 
Traveling hours to ranger office -.030* -.029* -.123** 

(-2.152) (-2.100) (-3.637) 
Crown cover in 1978 -.129* -.123* -.193 

(-2.204) (-2.146) (-1.166) 
Ratio of forestland in VDC° in 1978 -.209 -.231 -.048 

(-.550) (-.609) (-.040) 
Log likelihood -34.95 -35.08 -68.71 
Percentage of correct prediction 73.0 73.0 54.0 
NOTE: The numbers in parentheses are /-statistics. 
"Dependent variable is unity where either informal or formal management has been introduced. 
bRanked choices of formal (= 2), informal (= 1), and no community management (= 0) are consid­
ered as dependent variable. 
°VDC = village development council. 
*.05 level 
**.01 level 

measured by the number of households and the forest area, does not decisively 
affect the cost of organizing collective action and enforcing management rules. 
It may well be that both scale advantages and disadvantages coexist in forest 
management.20 

The number of wards has a negative and significant coefficient (Table 8.8), 
suggesting that the larger the administrative heterogeneity, the larger will be 

20. Suspecting that scale economies dominate in the range of small-scale forest management 
operations, whereas scale diseconomies dominate in the range of large operations, we estimated re­
gression functions that added square terms of either the number of forest users or forest areas. The 
estimated coefficients, however, are not significant. 



296 Towa Tachibana et al. 

TABLE 8.9 Marginal effects for ordered-probit regression 
No Informal User Formal User 

Management Management Management 
Intercept .055 .014 -.069 
Ln (number of households) -.141 -.036 .177 
Ln (forest area per household) .003 .001 -.004 
Number of wards .076 .019 -.096 
Proportion of largest ethnic group -.105 -.027 .132 
Traveling hours to ranger office .038 .010 -.048 
Crown cover in 1978 .060 .015 -.075 
Ratio of forestland in VDC in 1978a .015 .004 -.019 
aVDC = village development council. 

the cost of organizing collective action.21 On the other hand, the proportion of 
households participating in other social activities and the proportion of largest 
ethnic group are insignificant, indicating that the presence of other cornrnunity 
activities and ethnic homogeneity in terms of dominant caste do not directly af­
fect the initiation of the forest management. The former result was expected be­
cause, as was noted earlier, the sphere of community cooperation for such so­
cial activities as irrigation and school management is usually different from that 
for forest management. 

Traveling hours to the ranger office is significant in the probit regression 
and highly significant in the ordered-probit regression. The former finding in­
dicates that the nearer the ranger office to the forest, the more likely user group 
management was to be initiated. Furthermore, the higher significance in the or­
dered-probit regression suggests that the proximity to the ranger office was par­
ticularly conducive to the initiation of FFUG management. In fact, Table 8.9 
shows that the marginal effect of traveling hours to the ranger office is small for 
the formation of an IFUG but negative and comparably large for the conver­
sion from an IFUG to a FFUG. It seems clear that the influence of DFOs on the 
formation of FFUGs has been pervasive. 

Crown cover in 1978 has a negative and significant coefficient in the pro-
bit regression, implying that forest user group management was more likely to 
be initiated in forests that were more degraded in 1978. This supports our hy­
pothesis that deforestation leads to the formation of forest user groups. This is 

21. It must be pointed out that the number of wards may partly capture the effects of forest 
size and geographical conditions. If the forest is large or lies on the top of a hill and ridges, usually 
multiple numbers of wards have access to it. For effective protection and management of such for­
est, it is necessary to organize all the wards around it, since it is difficult to protect the forest from 
one or few sides. 
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also consistent with a finding of Fujita, Hayami, and Kikuchi (2000) that col­
lective irrigation management in the Philippines is more likely to be organized 
effectively where water supply is scarce. This variable, however, is insignificant 
in the ordered-probit regression. This insignificance and the negative sign of the 
marginal effect for FFUG management seem to suggest that crown cover in 
1978 did not significantly affect the transformation of IFUGs into FFUGs. 

The ratio of forest area to total land area in VDC in 1978 is not significant. 
It appears that it was not merely the proportion of forest area but the availabil­
ity of forest resources that affected the formation of user group management. 
Consequences of the Forest User Group Management 
There are several difficulties in properly assessing the effects of forest user 
group management on forest conditions. First of all, the representative indica­
tors of forest conditions (timber volume, biomass, and so on) are stock vari­
ables, which change slowly over time. Considering that user group manage­
ment was initiated relatively recently, we believe that the rate of regeneration 
of young trees is a more appropriate indicator of the improvement of forest con­
ditions. Second, management rules can be highly complex; there are a variety 
of management rules ranging from no regulation to complete prohibition of re­
source extraction, and they vary from one resource to another. It is therefore 
very difficult to construct a single indicator of regulation intensity. Third, man­
agement rules have often changed over time. Ideally we have to assess the ef­
fect of each management rule with due consideration of the periods during 
which such rule was implemented. Finally, there are potential estimation prob­
lems associated with the endogenous nature of the management rules and in­
stitutions. As we have seen in the previous section, the initiation of user group 
management was likely to be induced by scarcity of tree resources associated 
with deforestation. To the extent that degraded forest conditions deter regener­
ation of trees and foster the formation of user groups, the impact of user group 
management on regeneration of trees may appear negative in the regression 
analysis, even if it actually contributed to the rehabilitation of forests. In order 
to avoid this, we have to control properly for the effects of the forest conditions. 
The forest conditions, however, are also endogenous. In actual estimation, we 
used the ratio of forest area to total VDC area in 1992 to 1996 as a variable rep­
resenting the pressure on forest conditions in the neighborhood of our sample 
community forest. The other estimation difficulty caused by the problem of en-
dogeneity is that there is a possibility that the more effective IFUGs tend to be­
come FFUGs. In that case, even if FFUG management is found to be more ef­
fective than IFUG management, it may be due to the self-selection effect rather 
than the effect of receiving the legal use rights from the government with the 
support from the DFO for the community management. Since DFOs do not ac­
cept applications for handing over if there are conflicts among the users, this 
self-selection problem is likely to be pervasive. 
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In this study, as a first step to cope with the complexities in management 

rules, we used dummy variables for informal and formal management in re­
gression analyses. As was indicated in the previous section, the current man­
agement system reflects the effects of the intervention of the DFO, forest con­
ditions, and other factors. In the estimation of the effects of management 
systems on forest conditions, we include the proportion of forest area in VDC 
in 1992 to 1996, logarithm of average altitude, and pine forest dummy, in ad­
dition to dummy variables for management system. The last two variables are 
included to control for the effects of the ecological conditions; the regeneration 
of trees is slower in the higher altitude, and the presence of pine trees deters re­
generation. 

In the first two columns of Table 8.10, we report the results of ordinary 
least squares (OLS) and weighted least squares (WLS) estimation, in which the 
dependent variable is the logarithm of the number of regenerated trees per 
hectare. The number of regenerated trees is a weighted average with weights in 
proportion to the height of regenerated trees. In the weighted least squares re­
gression, we used the number of sample plots in the forest inventory as weights. 
Since R2 is not a proper indicator of the goodness of fit in weighted regressions, 
we report the correlation coefficients between the actual and estimated de­
pendent variables in the table. 

The fits of these regressions are not very high, which is likely to reflect the 
measurement errors of the regeneration rates, or specifically of enumerating 
young trees. Except for the proportion of forest area, however, all the inde­
pendent variables have the expected signs. The two ecological variables have 
generally significant effects on regeneration. The most important finding is that 
the coefficient of the FFUG dummy is positive and highly significant, while that 
of the IFUG dummy is positive but only marginally significant according to a 
one-tailed t-tcst. Furthermore, the former coefficients are numerically larger 
than the latter coefficients; the estimated coefficients of around .6 for FFUG 
management and around .3 for IFUG management indicate that the formal and 
informal management systems increase the rate of regeneration of young trees 
by approximately 80 percent and 35 percent, respectively.22 These results sup­
port the hypothesis that FFUG management is more efficient than IFUG man­
agement in improving forest conditions. 

As pointed out above, one may question that the significant effect of FFUG 
is due to self-selection of effective user groups. In order to check this self-
selection bias of FFUGs, we have tried the two-step estimation known as treat­
ment effects model (Greene 1997:981). Based on the assumption that the 
self-selection occurs only for the formation of FFUGs, we used the probit esti-

22. Since the logarithm is taken for the dependent variable, the exponential of estimated 
dummy coefficients must be taken to assess the quantitative impacts of the formal and informal 
management institutions. 
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TABLE 8.10 Determinants of regeneration per hectare in 1997 
Model 1 Model 2! 

OLS WLSb OLS WLSb 

Constant 12.809 10.772 11.909 9.675 
(7.156) (6.249) (5.590) (4.549) 

IFUG dummy 0.264 .360 0.428 .545* 
(1.191) (1.657) (1.357) (1.784) 

FFUG dummy 571 * * .651** .839* .936** 
(2.746) (3.289) (2.003) (2.395) 

Proportion of forest area in 
VDC in 1992-96c -.484 -.339 -.471 -.409 

(-.916) (-.691) (-.918) (-.845) 
Ln (average altitude) -.640** -.374 -.538* -.241 

(-2.534) (-1.534) (-1.905) (-.844) 
Pine forest dummy -.364** -.356* -.357* -.347* 

(-2.131) (-2.166) (-2.149) (-2.162) 
.R-squared .323 .301 .310 .280 
Correlation coefficients .571 .559 .562 .534 
NOTE: Dependent variable is ln (regeneration per hectare). The numbers in parentheses are 
(-statistics. 
"Predicted values are used for formal forest user (FFU) dummy. 
bWeighted least squares regression with weight being the number of sample plots in forest meas­
urement. 
CVDC = village development council. 
• 0 1 level 
**.05 level 

mation for formal management as a first-step estimation. The explanatory vari­
ables are the same as those in Table 8.8. The predicted dummy variable for 
FFUG management is then used as an instrument in the second-stage estima­
tion for the rate of regeneration. The results are reported in the third and fourth 
columns of Table 8.10. The two-step estimation does not result in much dif­
ference in the qualitative results compared with those from the simple OLS 
and WLS estimation. That is, the effect of FFUG dummy is positive and 
significant even after removing the possible self-selection bias. 

Conclusions of Extensive Study 
The extensive study of forest management attempted to explore the causes and 
the consequences of forest user group management. Despite the difficulty in 
measuring the conditions of forests, their changes over time, and the number of 
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user group members, we obtained some useful empirical evidence. First, we 
found that the formation of user groups was induced by the shortage of forest 
resources. This finding suggests that when forest resources are abundant, user 
group management is less likely to be practiced, which leads to deforestation 
and the shortages of forest resources. The degraded forest conditions, in turn, 
stimulate the formation of user groups, because it is costly to sustain livelihood 
and subsistence farming without a sufficient supply of forest resources in the 
hill region of Nepal. 

Second, there is no indication that the size of forest and the number of user 
group members hindered the initiation and the effectiveness of user group man­
agement. Unlike the usual presumption, the size of the management unit does 
not seem to increase the transaction cost of user group management significantly. 
It may well be that not only scale disadvantages but also scale advantages exist 
in the protection of forests, as a small number of people can enforce protection 
of large forest areas. We believe, however, that scale advantages should exist, if 
the community forest is divided more or less equally among the forest user group 
members, so that the size of forest becomes very small. 

Third and most important, we found that management of community 
forests by FFUGs seems more effective in regenerating trees than management 
by IFUGs, not to mention the case of no management. It seems clear that the 
formation of FFUGs, which are granted official use rights of forests and are 
supported by the local forestry department, is critically important for the ef­
fective management of community forests. In fact, our field surveys strongly 
indicate that handing over can be an effective policy instrument only if it is sup­
plemented by the supporting activities of the local forestry department. In other 
words, community initiatives and government supporting activities are com­
plements but not substitutes. This point is explored further in this chapter by 
the analysis of firewood collection using the data of individual forest users. 

Intensive Study on Firewood Collection 
Conceptual Framework 
Following the theoretical framework developed in Chapter 1, in this section we 
attempt to specify the firewood extraction, labor share, and family labor allo­
cation functions based on the theory of common property resource management 
and a simple model of household utility maximization. We use the volume of 
firewood extraction, factor share of family labor, and total hours of the extrac­
tion work per household as dependent variables in the regression analysis. Un­
like Bluffstone's (1995) comprehensive model of farm household behaviors 
under the setting of open-access community forest in the hill region of Nepal, 
our model focuses explicitly on the role of forest user group management. 
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We expect that diverse forces will be at work in the determination of the 

volume of firewood collection and the amount of family labor supply. Broadly 
they can be classified into the following categories: (1) forest conditions that 
determine the potential supply of firewood; (2) household characteristics that 
determine the household demand for firewood and supply of family labor for 
firewood collection; and (3) management rules and their effectiveness, which 
affect the extent of divergence between the individual noncooperative optimum 
and the actual outcome. In what follows, we provide a theoretical framework 
with a view to specifying the properties of the estimation functions. 

We assume that a well-behaved aggregate firewood extraction function, 
analogous to the conventional production function, exists, in which the quan­
tity of output ( 0 is a function of aggregate labor input in the community (L) 
and the biomass of tree resources in the forest (R): 

Q ~ F(L, R), (1) 
where the marginal products of labor and the stock of biomass are assumed to 
be positive (Fv F2 > 0) and diminishing (Flv F22 < 0). Since the firewood ex­
traction is a simple task performed by adult women and men, and even chil­
dren, labor inputs of individual members are assumed to be perfect substitutes, 
so that L = X./. holds, where /. is labor input of rth member household. Follow­
ing Dasgupta and Heal (1979:55—73), the amount of resources collected by rth 
member household (v.) is expressed as 

yi=[lJL]F(L,R). (2) 
Note that the private marginal product of labor, which is denned as dy/dlt, 

can be different from the social marginal product of labor, that is, Fv because 
individual members may not care about the negative external effect of their ac­
tivity on the productivity of other members. If the total number of households 
(w) is sufficiently large, it can be shown that the private marginal product of la­
bor approaches the social average product under the assumption of Nash be­
havior (Weitzman 1974; Dasgupta and Heal 1979; Sethi and Somanathan 
1996). Such an assumption would approximately hold if the forest is open ac­
cess with no regulations on the extraction of firewood. Thus, the optimum la­
bor input determined by individual user households will be greater than the so­
cially optimum level, leading to the overextraction of firewood under the 
open-access regime without user group regulations. 

The role of user group management is to restrict the extraction of forest 
resources by setting up rules, enforcing them, and punishing those who violate 
them. In these ways, yi and /., actually chosen by user households may be re­
duced to the levels lower than those achieved under the open-access regime. In 
fact, the major purpose of an open-day restriction is precisely to reduce^ , (or 
Q) by controlling /.. On the other hand, prohibition of cutting green branches 
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and similar restrictions, which aim to achieve sustainable management of for­
est resources, will affect labor productivity directly by restricting the behavior 
of user group members. If the policy to prohibit cutting trees is more effectively 
implemented when the open-day policy is also implemented, the latter may also 
affect yt directly rather than through its effect on I. alone. 

For simplicity, we assume that members of the user group are identical and 
that the production function is subject to constant return to scale. The latter as­
sumption is reasonable as there is practically no scope for team production or 
the division of labor leading to the scale economy in the firewood extraction. 
Then, using the symmetric equilibrium condition (IJL = I In), equation (2) can 
be rewritten as2 3 

y=F(lpRln,M), (3) 
where M stands for management rules. Since labor input is endogenous in equa­
tion (3), we apply the two-stage squares estimation method. We used biomass 
per user household as a variable representing (R/n).24 

We assume that each household maximizes its utility by choosing family 
labor allocated to community forest to extract firewood, given forest conditions, 
management rules, households characteristics, and other location specific fac­
tors, such as wages. We assume that management rules adopted by forest user 
group are exogenously given to each individual household, because a single 
household can have but negligible influence on collectively determined man­
agement rules. 

We expect that since firewood is a necessity, its demand is highly inelas­
tic with respect to the cost of firewood extraction. Although it may be presumed 
that the demand is largely determined in proportion to the number of household 
members, that may not always be the case, since firewood is a "semipublic 
good" within a household. Although the total demand for firewood may be 
largely determined by the above considerations, the demand for firewood ex­
tracted from the community forest will be conditioned by the availability of fire­
wood from own trees. Thus, we consider the number of private trees as a fac­
tor reducing labor time allocated to the community forest and the amount of 
firewood collected from there. 

We also considered factors affecting the supply of labor for collecting fire­
wood, such as the endowment of economically active household members. 
Since the size of household is included as an important demand side variable, 

23. Considering the possibility that forest user households are highly heterogeneous, we 
used the estimate of {IJL) in equation (3) instead of (1/n) in the earlier statistical analysis. The re­
sults, however, were largely the same. 

24. In the earlier regression runs, we specified the two separate variables, namely, the aver­
age forest area per user household and biomass density per hectare. It turns out, however, that the 
estimated coefficients of the two variables were almost the same, so we decided to employ only 
biomass per household as a variable representing the forest condition. 
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we included the proportions of economically active members to represent the 
supply side effect. We also considered the wealth effect by incorporating the 
owned farm area. 

To capture the effect of the opportunity cost of labor, we included the daily 
female wage rate of compost application, the access to nonagricultural labor 
markets measured by walking time to the nearest market, and proportion of lit­
erate household members. In order to capture the effect of the availability of 
kerosene, which is an important alternative source of energy, we included a 
dummy for close access to market towns where kerosene is available, so that 
its use is common among villagers. 

We postulate that the most common and potentially most effective man­
agement rule to restrict the extraction of firewood is the designation of open 
days during which member households are allowed to collect firewood. In or­
der to test this hypothesis, we construct a variable representing the proportion 
of "closed" days in a year, during which a user household is not allowed to col­
lect firewood. This variable is zero, if no restriction is imposed, that is, an open-
access situation. If this variable has a negative and significant effect on family 
labor allocation, the hypothesis that the management rule of closing forests ac­
tually reduces the overexploitation of firewood is supported. Since only one 
IFUG adopted this policy, its effect can be attributed largely to the management 
policy of FFUG. It is, however, possible that effective IFUGs tend to become 
FFUGs, so the estimated effect may partly capture such self-selection effect. 

The implementation of the rule of closed days may not be effective if the 
enforcement cost is high. Thus, we inserted an interaction term between the pro­
portion of closed days and the size of forest, which is expected to capture the 
enforcement cost in spatially wide forest areas. The size of forest is chosen 
rather than the number of user households, because we expect that while the 
number of user group members affects the cost of reaching agreement on the 
rules, the size of forest directly affects the ease of enforcing them. 

Aside from the closed-day restriction, potentially important rules include 
the prohibition of felling trees and cutting green branches. Unlike the case of 
the closed-day restriction, this policy is widely adopted by both FFUGs and 
IFUGs. Thus, we use the two intercept dummies (that is, dummies for prohibi­
tion by FFUGs and IFUGs) to examine the effectiveness of this policy in the 
regression analysis. We will examine whether there is a significant difference 
between the coefficients of these two variables, in order to test if forest man­
agement is more effective under the FFUG than the IFUG regime. For com­
parison, we alternatively use FFUG and IFUG dummies to explore the effects 
of nonquantifiable difference between FFUG and IFUG management. 
Empirical Specification 
Based on the considerations discussed above, we specify the following func­
tional relationship for the labor allocation function: 
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ln /. = a0 + ax (percentage closed days) + a2 (percentage closed 

days x forest area) + a3 FFUG + a4 IFUG + a5 ln (biomass per 
household) + a6 (a vector of household characteristics) 
+ a7 ln (walking time to market town) + as ln (wage rate), (4) 

where (percentage closed days) refers to the proportion of closed days, and 
FFUG and IFUG stand for dummies for prohibition of cutting green branches 
by FFUGs and IFUGs in the first specification and dummies for FFUGs and 
IFUGs in the second specification, respectively. In actual estimation, we took 
the logarithm of all continuous variables and included four regional dummies 
to control for unobservable region-specific factors. 

We assume that the production function can be characterized by a translog 
form. Thus, the production function can be specified as (Griliches and Ringstad 
1971) 

ln v,. = b0 + b1 ln /. + b2 ln (Rlri) + b3 [ln (nlJR)]2 + b4 FFUG 
+ b5 IFUG + b6 (percentage closed days) 
+ b7 (percentage closed days x forest area), (5) 

where b. (i = 0 , . . . , 7) are parameters. If constant returns to scale prevail, bx + 
b2=\ holds. If coefficient b3 is not significantly different from zero, the Cobb-
Douglas form of the production function cannot be rejected. While coefficients 
b4 and b5 may be negative when the restriction on cutting green branches is ef­
fective, coefficient b6 may not be significantly different from zero if the role of 
closing forests is solely to reduce labor allocation to forest. Coefficient b7 is 
supposed to assess whether the effectiveness of a closed-day rule decreases 
with increases in forest area. 

If the use of common property is effectively regulated by collective action, 
equality of the social marginal product of labor and the real wage rate holds. 
This implies equality of the production elasticity of labor with its factor share 
(*): 

s. = w\jy. = (inyM /.) = b i + 2b3[ln (nl/tf)]. (6) 
If the forest resource is extracted excessively, the wage rate should exceed 

the marginal product of labor, which amounts to the excess of labor share over 
the production elasticity of labor. In order to test whether and to what extent 
overextraction of firewood takes place, we estimate the following labor share 
function: 

st = co + ci tln (n1/̂ )] + d\ FFUG + d2 IFUG 

+ d3 (percentage closed days) + d4 (percentage closed 
days x forest area), (7) 

where c. and d. (i= 1, 2, 3) are parameters, FFUG and IFUG are dummies for 
user group regimes. If the social optimum is achieved, bx = c0, 2b3 = cv and 
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dt = 0 (/ = 1 , . . . , 4) hold. Such optimal solution, however, will not be achieved 
in the presence of transaction costs.25 If the enforcement of prohibition of cut­
ting green branch es is effective, we expect that dx and d2 are negative. Simi­
larly, if the enforcement of the closed-day rule effectively reduces labor allo­
cation from private optimum with no social coercion, d3 will be negative. 
Estimation Results 
The estimation results of the labor allocation function are shown in Table 8.11. 
Model 1 uses the dummies for restriction of cutting green branches by FFUGs 
and IFUGs, respectively, whereas Model 2 includes dummies for FFUG and 
IFUG management. 

The estimation results indicate that the closed-day restriction, implemented 
primarily by FFUGs, effectively reduced labor time allocated to community for­
est, but its effectiveness tended to decrease with an increase in forest area. On 
the other hand, the restriction of cutting green branches does not seem to have 
any influence on labor allocation. The coefficients of the FFUG and IFUG dum­
mies in Model 2 are positive, and the latter is highly significant. It appears that 
given the limited availability of private trees and the absence of closed-day re­
striction, in addition to the degraded forest conditions, members of IFUGs com­
pete to extract forest resources by allocating more labor to resource extraction 
activities in the community forest. It seems clear that the mere formation of user 
groups does not significantly reduce labor allocation to community forests. 

Biomass per user household is not significant, either, which seems to in­
dicate that while the greater availability of trees increases the amount of fire­
wood collection, the demand for labor did not increase owing to the enhanced 
efficiency of firewood collection. It is also found that a larger number of private 
trees substantially reduced the labor allocation to community forest, as it re­
duces the demand for firewood from the forest. This finding is consistent with 
the generally held view that farmers planted trees on private land in response 
to the reduced availability of trees in community forests. 

There is no evidence that other household characteristics affected the 
amount of labor allocated to community forests, except for positive effects of 
walking time to forest and low caste status. The former result is expected, as la­
bor time includes time spent walking between the residence and the forest. The 
weakly positive effect of low caste status and insignificant effect of high caste 
status indicate that there is no discrimination for higher-caste people or against 
lower-caste people in access to community forests. The wealth of households, 
measured by the ownership of land and proportion of literate members, did not 
affect the labor allocation. These findings may be taken to imply that user 
households have more or less equal access to community forests regardless of 

25. We do not pursue this issue statistically because sample sizes for estimating the two 
equations are different. 
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TABLE 8.11 Determinants of labor allocation for firewood collection 
Model 1 Model 2 

Intercept 2.80 2.69 
(3.07) (2.97) 

Percentage of closed days -1.54* -1.38* 
(-2.32) (-2.13) 

Percentage of closed days x ln (forest area) .32* .27* 
(2.14) (1.87) 

Dummy for restriction of cutting by FFUG .11 — 
(.78) 

Dummy for restriction of cutting by IFUG .22 — 
(1.51) 

FFUG dummy — .25 
(1.57) 

IFUG dummy — .38** 
(2.61) 

Ln (biomass per household) .05 .06 
(1.22) (1.45) 

Ln (number of private trees) -.12** _ 13** 
(-3.56) (-3.84) 

Ln (size of owned land) .02 .05 
(-29) (.60) 

Ln (size of household members) .13 .10 
(.84) (.68) 

Proportion of active members .04 .06 
(.14) (-23) 

Proportion of literate members .26 .24 
(1-22) (1.11) 

Ln (daily wage) .20 .18 
(.98) (.89) 

Ln (walking time to market town) .06 .07 
(1.62) (1.90) 

Ln (walking time to forest) .14* .15* 
(1.97) (2.17) 

Market area dummy .03 -.002 
(.14) (-.008) 

High-caste dummy -.14 -.13 
(-1.18) (-1.04) 

Low-caste dummy .53 .61* 
(1.61) (1.82) 

i?-squared .317 .327 
NOTE: Numbers in parentheses are (-statistics. For simplicity, we omitted the coefficients of four 
regional dummies. 
*.05 level 
**.01 level 
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wealth, education level, and social status. In other words, management of com­
munity forest is basically egalitarian, as in the Indian and Japanese cases (Jodha 
1986; McKean 1992). 

Using the estimates of the labor allocation function shown in Table 8.11 as 
the first-stage regression, Table 8.12 displays the estimation results of the 
second-stage firewood collection function. As may be expected, the coefficients 
of labor and biomass per household are positive and highly significant. Moreover, 
the sum of their coefficients, that is, 0.84, is not significantly smaller than unity, 
which does not refute the hypothesis of constant returns to scale. The coefficient 
of squared aggregate labor-biomass ratio, [ln (nl JR)]2, is insignificant. Thus, the 
Cobb-Douglas form of production function cannot be denied. 

It is worth emphasizing that neither proportion of closed days nor its in­
teraction term with forest area is significant. These results indicate that the pur­
pose of the closed-day restriction is solely to reduce the amount of labor allo­
cation to community forest, which is subsumed under the labor term and the 
squared aggregate labor-biomass ratio in the firewood collection function. In 
contrast, the coefficient of the dummy variable for restriction of cutting green 
branches by FFUG, as well as that of the FFUG dummy, is negative and 
significant. These findings suggest that the regulations of firewood extraction 
by FFUGs, in general, and the restriction of cutting green branches, in particu­
lar, resulted in reduced amount of firewood collection, controlling for labor al­
location and the stock of biomass. The coefficients of two dummy variables per­
taining to IFUG management are not significant. It seems that management of 
IFUG is ineffective in reducing the firewood collection, even though informal 
groups collect less firewood than formal groups (see Table 8.6). It is possible 
that in areas where IFUG management is adopted, people depend crucially on 
firewood from the forest, so that restriction of firewood collection is particularly 
difficult. 

Finally, let us examine the estimation results of the labor share function 
shown in Table 8.13. Since the sample households used for the estimation of 
labor share function are the subset of the whole sample, it is hazardous to com­
pare the estimates in Tables 8.12 and 8.13. Nonetheless, it is instructive to find 
that the estimates of production elasticity of labor (which is 0.71 if we dis­
regard the insignificant coefficient of square term of aggregate labor-biomass 
ratio shown in Table 8.12) are close to the estimate of the intercept term in 
the labor share function (which is .67 to .68). This is reasonable if the factor 
share of labor is critically affected by its production elasticity (see equations 
[6] and [7]). Yet the coefficient of aggregate labor-biomass ratio is positive 
and highly significant, which is incompatible with the determination of the la­
bor share by its production elasticity because the square term of this variable 
is insignificant in the estimation of firewood collection function. This indi­
cates that the labor share is not simply determined by the production elastic­
ity of labor, which is achieved only under the socially optimum solution. 
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TABLE 8.12 Determinants of firewood collection: 2SLS regression 
Model 1 Model 2 

Intercept 3.11 3.17 
(7.87) (8.42) 

Ln (labor) 71** 71** 
(6.84) (6.89) 

Ln (biomass per household) .13** .13** 
(3.38) (3.17) 

[\n(n\JR)f 5.57 x e~8 4.61 xe~8 
(1.23) (1.00) 

Percentage of closed days .21 .29 
(.41) (.58) 

Percentage of closed days x ln (forest area) -.11 -.11 
(-1.08) (-1.14) 

Dummy for restriction of cutting by FFUG -.16* — 
(-2.14) 

Dummy for restriction of cutting by IFUG .04 — 
(0.56) 

FFUG dummy — -.22** 
(-2.76) 

IFUG dummy — .05 
(.67) 

Eastern region dummy .16 .13 
(1.81) (1.50) 

Western region dummy .28** .26** 
(2.99) (2.77) 

Midwestern region dummy .62** .60** 
(5.72) (5.72) 

Far-western region dummy -.45 -.44 
(-4.39) (-4.54) 

i?-squared .856 .860 
N O T E : Numbers in parentheses are /-statistics. 
*.05 level 
**.01 level 

Literally, the positive effect of the aggregate labor-biomass ratio suggests that 
the greater the pressure on forest resources, the greater the extent of over-
exploitation of firewood. 

The proportion of closed days is negative and highly significant, whereas 
its interaction term with forest area is positive and highly significant, indicat­
ing that the extraction of firewood is critically affected by the closed-day re­
striction and the extent of its enforcement. These results reinforce the earlier 
findings from the estimation of labor allocation function: although the closed-
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TABLE 8.13 Determinants of labor share in firewood collection: 2SLS regression 
Model 1 Model 2 

Intercept .67** .68** 
(20.06) (19.60) 

Pn(nl/R)] .05** .06** 
(4.97) (5.48) 

Percentage of closed days - . 81** -.84** 
(-4.43) (-4.80) 

Percentage of closed days x In (forest area) .22** .22** 
(4.60) (4.79) 

Dummy for restriction of cutting by FFUG .00 — 
(0.07) 

Dummy for restriction of cutting by IFUG -.03 — 
(-.69) 

FFUG dummy — -.02 
(-.02) 

IFUG dummy — - .09* 
(-1.98) 

Eastern region dummy -.09* -.07 
(-1.98) (-1.61) 

Western region dummy _ 29** -.27** 
(-7.45) (-6.60) 

Far-western region dummy .05 .08 
(0.74) (1.07) 

i?-squared .382 .394 
NOTE: Numbers in parentheses are /-statistics. 
*.05 level 
**.01 level 

day rule is effective in reducing the labor allocated to collection of firewood and 
its amount, its effectiveness tends to decrease with forest area. The effective­
ness tends to decrease presumably because the cost of enforcing the closed-day 
rule increases with forest area. 

Somewhat unexpectedly, neither the coefficient for restriction of cutting 
green branches by FFUG nor that of IFUG is significant, because these dummy 
variables have positive and significant effects on the amount of firewood col­
lection but do not have significant effects on labor allocation. It appears that the 
major way by which labor allocation is regulated by FFUGs is the closure of 
forests for designated days. The negative and significant effect of the IFUG 
dummy is also counterintuitive, as it suggests that IFUG is effective in reduc­
ing labor allocation by means other than regulating closed days. The most plau­
sible explanation for this anomalous result is that since tree resources are highly 
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scarce in IFUG areas, firewood prices are also high, which tends to suppress the 
measured factor share of labor.26 

Conclusion of Intensive Study 
The intensive study of forest users assesses quantitatively the efficiency of man­
agement of common property forests by user groups. A few conclusions 
emerged from our analysis. First, the closed-day restriction is the effective rule 
to reduce overextraction of firewood from community forests by regulating 
users ' time allocated to firewood extraction. This is particularly the case where 
forest areas are small. IFUGs, however, seldom adopt this rule, and hence their 
management is generally ineffective. Second, restrictions on cutting green 
branches are effective in reducing the amount of firewood collection only un­
der FFUG management. These findings strongly suggest that it is the manage­
ment of FFUGs, not IFUGs, that has significantly reduced the amount of fire­
wood extraction. We must admit, however, that this can be partly due to the 
result of self-selection of user groups in which effective IFUGs have chosen to 
become FFUGs. Yet this conclusion is consistent with the major finding of the 
extensive study of forest management that FFUGs effectively promoted the re­
covery of forest conditions in recent years. 

It is likely that other forest resources are also overextracted under IFUG 
management, as well as under no user group management, judging from the fact 
that IFUGs seldom adopt the closed-day rule and fail to implement the rule to 
restrict cutting green branches effectively. It is clear that the transfer of use rights 
over forestland to user groups, coupled with support from the local forest office, 
is a necessary condition for sustainable management of forest resources. 

Policy Implications 
As far as the management of minor forest resources is concerned, there seems 
to be no doubt that common property or community forest management is po­
tentially an effective organization in protecting and promoting the recovery of 
those resources. As is discussed in the next chapter, however, community man­
agement is not necessarily an effective system to manage timber forests. We 
emphasize the potential of community forest management because it seems that 
voluntarily formed user groups without official use rights of forests fail to man­
age forest resources effectively. 

The transfer of use rights to user groups is necessary for effective forest 
management because it enhances the incentives to manage community forests, 
thereby facilitating the adoption of closed-day and other effective management 
rules. Yet such transfer alone does not seem sufficient. According to the forest 

26. This argument suggests that the coefficient of IFUG is biased downward because of its 
effect on firewood prices. 
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users, support from the local forest office for user group management, particu­
larly the punishment of violators of management rules, is also necessary for the 
effective management. 

Thus, community management will not function well without govern­
mental supports. Therefore, a major policy implication is that the government 
should continue its handing-over policy of forests to the community and 
strengthen its support activities. 

In all likelihood, however, even with such supports the user group man­
agement will not function well where forest resources are not scarce. The abun­
dance of forest resources implies weak incentives for organizing collective ac­
tion, and hence, unless truly strong support measures are provided by the 
government, community management of forest resources will not be effective 
in the protection of forest resources. Herein lies a dilemma of forest manage­
ment policy: in order to prevent deforestation in its initial stages, the govern­
ment needs to become seriously involved and allocate large amount of re­
sources for community forest management. If that is not feasible, deforestation 
necessarily proceeds before reforestation begins. 

Thus, we must seek other factors that facilitate and strengthen the effec­
tive management of community forests by user groups. One policy recommen­
dation is to promote management by smaller user groups, which are more ef­
fective in reducing the overexploitation of forest resources according to our 
analysis of firewood collection. Another recommendation is to introduce 
profitable nontimber resources, such as medicinal plants and plants useful for 
high-quality papers. Increased profitability of forest management is likely to 
stimulate the formation of user groups and induce effective user group man­
agement. Further research in this direction is needed to formulate more com­
prehensive policy framework for forest management in the hill region of Nepal. 
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9 Timber Forest Management 
in Nepal and Japan 
TAKESHI SAKURAI, YOKO KIJIMA, RIDISH POKHAREL, 
SANTOSH RAYAMAJHI, AND KEIJIRO OTSUKA 

Whether common property management of natural resources is a viable and 
efficient institutional arrangement has been widely debated in the literature. Ear­
lier it was believed that private ownership is more efficient, as it was thought to 
internalize the externality whereby resource extraction by individuals reduces 
the amount of resources available to others, which otherwise would arise from 
self-interested behaviors of community members in extraction of community-
owned resources (Gordon 1954; Scott 1955; Demsetz 1967; Weitzman 1974). 
In the past, this confusion followed erroneously from comparisons of private 
property with open-access systems. Common property regimes, however, can 
be different from open-access systems and can function as a superior alternative 
to private-property regimes in which people have the capacity to regulate the use 
of common resources (Bromley 1992). They can also emerge as superior once 
the cost of protecting private resources is considered (de Meza and Gould 1992). 

The heart of the controversy lies in whether the transaction cost of a com­
mon property regime is higher than that of a private-property regime (Cheung 
1970,1987; Dahlman 1980; Runge 1981). As such, it must be resolved empir­
ically. Yet empirical research in the area of common property management is 
deplorably weak.1 One of the cases often referred to as successful community 
management of forest is iriaichi in prewar Japan, where strict management 
rules were formulated informally by community members and enforced effec­
tively by rotational patrolling and severe punishment schemes (McKean 1992; 
McKean and Ostrom 1995). Similarly, effective indigenous community man­
agement of forests is widely observed in the hill region of Nepal, even though 
the evidence is generally qualitative (Arnold 2001). Our econometric studies in 
Chapter 8 demonstrated that collective community management effectively 

We are grateful for useful comments on an earlier draft by Ganesh Thapa and Govind Koirala. We 
are also grateful to Mr. Ranbindra M. Tamrakar, who analyzed aerial photographs. This chapter 
partly draws on Kijima, Sakurai, and Otsuka (2000). 

1. There are, however, a few exceptions. For example, see Stevenson (1991). 
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prevents overexploitation of minor forest products, such as firewood and leaf 
fodder, so as to improve forest conditions. 

This chapter is concerned with the management efficiency of timber 
forests and plantations. The central question is whether participatory or col­
lective community forest management is more efficient in timber production 
than other management schemes, such as private and centralized community 
management. Collective management user group committees, whose members 
are supposed to be elected, stipulate and enforce communal regulations of live­
stock grazing and forest resource extraction activities and organize collective 
work for management of trees. This system was found in both timber planta­
tions and natural timber forests in our sites: in the inner Tarai region of Nepal ' s 
Dang District (see Figure 8.1) and in timber forests in Japan's Gunma Prefec­
ture, located 150 to 200 kilometers north of Tokyo. In the Nepal site, other 
management systems coexist, namely, private timber plantations managed by 
individual farmers and centralized community management of natural timber 
forests, in which community members provide labor for protection of forests 
but hired labor is used for management of trees under the centralized deci­
sionmaking system. In the Japan site, individual management is also practiced 
after dividing the forestland into smaller pieces and allocating the exclusive 
use rights to individual forest user group members. Taking advantage of the 
coexistence of various management systems, we undertake comparative stud­
ies of the management efficiency of timber forests and plantations. We address 
the efficiency in terms of the cost of protection, the quality of timber forests, 
and the overall profitability. 

We argue that, unlike the management of copse forests observed in the 
hill region of Nepal at present and in prewar Japan, management systems that 
provide stronger individual work incentives are likely to be more efficient for 
management of timber forests and plantations. This is because, compared with 
minor forest products, it is easier to protect timber trees, as it is difficult for 
anyone to fell big trees illegally, haul them from the forest, and process them 
without being noticed by community members. It is also important to empha­
size that in order to grow valuable timber trees, various silvicultural operations 
are required, for which work incentives ought to play a critical role. Thus, we 
hypothesize that although collective management may be superior to individ­
ual management for protection of timber trees because of the scale advantages, 
private and centralized management with clearer profit incentives is more 
efficient for management of trees. If so, management systems that can apply 
both principles will be the most profitable. 

The organization of this chapter is as follows. First, we briefly review 
community forest management in the inner Tarai of Nepal and postwar Japan. 
We then report the results of case studies of Nepal and Japan in separate sec­
tions. We discuss the policy implications of our empirical findings in the final 
section. 
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Community Forestry in Nepal And Japan 
The Case of the Inner Tarai in Nepal 
As was discussed in Chapter 8, formal and informal user group management co­
exist in Nepal, even though both are called community forestry. Although some 
empirical studies report that informal forest user groups (IFUGs) have been able 
to protect and manage forests for a sustainable supply of forest resources (for 
example, Fisher 1991), others call into question their ability to carry out sus­
tainable management of forests in view of their weak financial basis (for exam­
ple, Dahal 1994). These discussions pertain to copse forests in the hills, where 
nontimber products are major forest resources. An important point for our analy­
sis is that once user groups become formal and natural forests are handed over, 
they may be allowed to harvest timber for sale to markets. Needless to say, har­
vesting has been freely allowed if trees have been planted by the community or 
individual farmers. Many hill forests, which have been studied more extensively 
in the literature (see Chapter 8), are generally too remote for significant sales of 
forest products, particularly timber. Our study is concerned with the inner Tarai, 
which has distinctively more favorable access to roads and markets. 

The policy of handing over official use rights of forests to communities 
has been applied primarily to hill forests but not to natural forests in the Tarai 
(Chakraborty et al. 1997), which is characterized by flat topography. The ma­
jor tree species in natural forests is sal (Shorea robusta), which has a strong ca­
pacity to coppice and is a valuable timber tree. The natural forests in the Tarai, 
which have been managed by the government up to now, have deteriorated 
significantly as a result of illegal logging and encroachment by migrants over 
time. On the other hand, timber production on formerly marginal crop fields by 
private farmers is becoming common in the Tarai, which indicates the rising 
value of timber because of its increasing scarcity in natural forests. 

The inner Tarai is located in the valley surrounded by the Siwalik moun­
tain range and the Mahabharat mountain range. Consisting of both hilly or moun­
tainous areas where copse forests exist and flat Tarai-like areas where sal forests 
exist, this area has characteristics of both hill and Tarai. Interestingly, the Gov­
ernment of Nepal has applied the policy of handing over forest use rights not 
only on the copse forests but also on the natural timber forests in the inner Tarai. 
In particular, this policy has been most actively followed in Dang District, ac­
cording to our brief visits to most inner Tarai districts. Furthermore, the most 
liberal policy regarding the sale of timber trees to markets has been adopted in 
this district, owing to the liberal decisions of the District Forest Office (DFO). 

Another interesting feature of this district is the coexistence of timber 
plantations managed by individual farmers and those managed by communities 
under social forestry projects, which advocate collective management and 
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equal benefit-sharing rules analogous to the management systems in the com­
munity forestry in the hills. Management of timber plantations and natural tim­
ber forests is active in Dang, primarily because of the favorable access to roads 
and markets. Thus, this district provides the rare opportunity to assess the rel­
ative management efficiency of collective management vis-a-vis private or cen­
tralized management. 
The Case of Japan 
Community forest, called iriaichi, used to supply indispensable inputs for farm­
ing and for rural life in isolated and largely self-sufficient communities located 
in mountainous areas in Japan before the war (Sakurai 1997).2 Grasses were 
extracted to produce green manure and compost for paddy fields and to feed 
horses, which were used for plowing. Firewood was widely used as a major 
source of energy at home. In order to prevent overexploitation of these forest 
resources, strict management rules were implemented, such as the designation 
of date, time, place, and amount of specific resources allowed to be extracted 
each year. Collected firewood is usually divided equally at the end of the day 
and distributed equally to participating members, as in the contemporary man­
agement of hill forests in Nepal. This practice discourages the excessive ex­
traction of firewood. The use of tools, such as saws, was also strictly regulated. 
In addition, collective work was organized, particularly for burning portions of 
forests to facilitate the regrowth of feeding grasses. The similarity of manage­
ment rules between copse forests in prewar Japan and contemporary hill forests 
in Nepal is striking. 

As mountainous villages became integrated into the market economy, 
charcoal production for sale to urban markets emerged during the winter 
months when farm jobs were limited. For charcoal production, sites growing 
mature trees were chosen and delineated, and all the trees were completely 
felled. Those trees were miscellaneous broad-leaf trees, which had the ability 
to coppice and to regrow naturally without much human care. Casual evidence 
indicates that such community management systems were successful in sus­
tainable management of forest resources (for example, McKean 1992). 

Views of iriaichi changed dramatically after the war. Demand for grasses 
sharply declined as cheap chemical fertilizer and hand tractors became avail­
able. Similarly, demand for firewood and charcoal diminished with the in­
creased availability of and increased consumers' preference for kerosene, gas, 
and electricity. In contrast, reflecting the shortages of houses, demand for tim­
ber increased appreciably with the recovery of the economy. Consequently, the 

2. There are numerous documents on traditional iriaichi, but all of them are written in 
Japanese except McKean (1992). For example, see Furushima (1955), Kondo (1959), and Kasai 
(1964). 
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FIGURE 9.1 Changes in price of cedar board relative to that of wood for charcoal 
and firewood 
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price of timber relative to that of wood for firewood and charcoal also increased 
until the end of the 1960s (see Figure 9.1).3 

The government initiated the Tree Plantation Expansion Program in 1956, 
which provided subsidies for the plantation of timber trees. As a result, expected 
returns to planting timber trees became high enough to warrant massive tree 
planting (Kitabatake 1992; Hagino 1996). Based on recall data from leaders of 
community forests relating to management and harvesting around 1960, Kijima 
(1998) computed internal rates of return to timber tree plantation and regrowth 
of miscellaneous trees for firewood and charcoal while assuming no change in 
the real product prices. They are found to be about 9 percent and 2 percent for 
timber and firewood/charcoal, respectively, which supports the view that in­
vestment in the conversion to timber forest had a reasonably high payoff. 

The average proportion of forest area planted with timber trees increased 
from about 15 percent in 1955 to nearly 50 percent in 1975 in our sample 
forests. Thus, timber has become a major forest product in postwar Japan, sim­
ilar to the inner Tarai in Nepal in recent years. Because of declining timber 
prices thereafter due to massive imports of cheap timber facilitated by the ap-

3. We used the price of cedar board, which is representative of timber prices in Japan, and 
the price of logs of miscellaneous trees for firewood and charcoal, both of which are obtained from 
Japan, Ministry of Agriculture, Forestry, and Fishery (1970-90). 
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preciation of the Japanese yen (see Figure 9.1), however, tree planting has sel­
dom been carried out since the mid-1970s. Furthermore, we found that timber 
trees had rarely been harvested in the 1980s and 1990s even when some of them 
became mature, because the cost of harvesting often exceeded the revenue. In 
this study, we focus on tree planting between 1955, when the agricultural sec­
tor in Japan is said to have fully recovered from the devastation of the war 
(Hayami et al. 1991), and 1980, when voluntary tree planting by communities 
practically ceased. 

Case Study of the Inner Tarai 
Hypotheses 
We begin with the premise that scale economies or scale advantages exist in the 
protection of forests and trees (Grafton 2000). Patrolling consists essentially of 
information collection, and because of the nonrivalry characteristics of infor­
mation, the cost of protection can be reduced by the use of selected watchers un­
der community management systems. In contrast, in the case of private owner­
ship systems, each owner has to protect his or her own property. Mutual 
supervision may further reduce protection costs in the case of community man­
agement. With respect to the implementation of the silvicultural operations, such 
as pruning, weeding, thinning, singling, and harvesting, we postulate that work 
and management incentives play a decisive role, such that private management 
or centralized management under the strong leadership of user group commit­
tees is more efficient than collective management. In fact, collective manage­
ment, which assigns community members to share equally in labor inputs and 
benefits, would suffer from the same incentive problems facing collective man­
agement of farms, such as communes in China (Lin 1988). In this system, the 
marginal return to labor for each member is only a small fraction of the value of 
marginal product of labor because of the benefit-sharing arrangement. 

Based on these considerations, we postulate the following four testable hy­
potheses regarding the relative efficiency of different management systems. 

Hypothesis 1: Collective community management is less costly than pri­
vate management for the protection of timber tree plantations. Livestock graz­
ing is the major factor degrading tree plantations, especially in the early stage 
of tree growth. Unless seedlings are protected from grazing, survival rates and 
crown cover will be low. In community plantations, all users participate in pa­
trolling and supervision, and penalties are imposed for violations. On the other 
hand, in the case of private plantations, owners may have to rely on fencing and 
private employment of watchers, in addition to their own efforts, to protect 
seedlings. Thus, private management is expected to be more costly than com­
munity management to protect trees per unit of plantation area. 
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We test this hypothesis by comparing the protection costs of private and 

community management. The protection cost is measured by the labor involved 
in and material costs of setting up fences and their maintenance and the cost of 
hiring watchers. The protection cost can be considered as an appropriate meas­
ure of the efficiency of protection if the effectiveness of protection does not dif­
fer between the two systems. Thus, we examine the effectiveness of protection 
by comparing the survival rate of planted seedlings after the first year and crown 
cover. It is difficult to assess a priori which measure is a better indicator for pro­
tection activities, as both of them would be affected by protection as well as 
care of young seedlings. It must also be pointed out that minor forest products, 
such as medicinal plants, are seldom grown in tree plantations, so the protec­
tion of such products assumes no major significance. 

Hypothesis 2: A larger amount of labor is allocated to the management of 
planted trees under private management than under collective community man­
agement. In order to produce high-quality timber trees, silvicultural operations 
are required. It is reasonable to assume that private owners have proper incen­
tives to carry out such operations for their own benefits, leading to efficient man­
agement. On the other hand, collective community management is likely to be 
less efficient in silvicultural operations, because it has to organize and enforce 
collective work. Conflicts can easily arise among community members as to the 
appropriate collective work and the fulfillment of individual work obligations. 
Thus, the question is whether a smaller amount of labor is allocated to the man­
agement of trees under collective than private management. 

We test this hypothesis first by comparing labor inputs for silvicultural op­
erations (weeding, pruning, and thinning) in private and community planta­
tions. We consider that community management fails to coordinate collective 
actions if the amount of labor allocated for silvicultural operations is less than 
under the private system. We argue that less labor for management is inefficient 
because inappropriate incentive systems will lead to an undersupply of man­
agement labor, whereas less labor for protection is efficient because ineffective 
protection systems will require more labor for protection. Also note that prop­
erty rights on privately owned land have been well established, so unlike the 
case of customary land areas of Asia and Africa, the act of tree planting does 
not strengthen private land rights (see Chapters 3-6). 

Hypothesis 3: Formal user groups are more efficient than informal user 
groups for protection of natural forests. This hypothesis attempts to examine 
the validity of the often held view that informal community management does 
not work because of the lack of clear community rights in forestland and re­
sources. In fact, IFUGs do not have the rights to harvest timber trees, so this 
group may have weaker incentives to protect forests. We tested the same hy­
pothesis in Chapter 8 by using the data from the hill region. 

Since all our sample forests were selected from the list of formal forest 
user groups (FFUGs), we test this hypothesis by examining the extent of im-
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provement of natural forest conditions after handing over. We expect that 
the longer the period for which a formal user group has protected the forest, 
the greater will be the improvement of forest conditions. We also expect that the 
larger and more heterogeneous user groups are, the less efficient the protection 
of forests will be because of the higher costs of reaching communal agreements 
and enforcing them. 

Hypothesis 4: Centralized management is more efficient than collective 
management in the management of natural timber forests. After handing over, 
FFUGs are allowed to harvest timber trees, and consequently they potentially 
have incentives to manage timber trees to increase profit. If they adopt a partic­
ipatory collective approach, however, they will face incentive problems because 
each member is motivated to free-ride. Under the centralized management sys­
tem, a user group committee employs wage laborers, or alternatively what for­
est user committees call contractors, for silvicultural operations. Because per­
formance of timber harvesting, as well as most other activities (for example, 
weeding), can be monitored relatively easily, the enforcement of the hired work­
ers is likely to be effective.4 Therefore, we expect that centralized management 
is more efficient than collective management in the management of timber 
forests. We test this hypothesis by comparing the profits from the extraction of 
tree resources under collective and centralized community management. 
Sample Forests 
Since Dang District is one of the pioneer districts in community forestry in 
Nepal, as much as 16,273 hectares of national forestlands have been handed 
over to 153 forest user groups as of 1997. These forests are classified as either 
community natural forests or community plantations. According to our own 
analysis of aerial photos taken in 1978 and 1996, the average crown cover 
changed from 33 percent to 48 percent for the 18-year period. Private planta­
tion of timber trees on abandoned crop fields has also been increasing, and 73 
private plantations have been registered to the DFO as of 1997. Also increas­
ing are community plantations on degraded community forests. Both commu­
nity and private plantations have developed in response to increasing scarcity 
of timber. The expansion of community plantations, however, is limited to 
highly degraded areas of community forests. 

From the list of registered plantations and natural forests provided cour­
tesy of the DFO, we randomly selected 25 private plantations, 25 community 
plantations, and 52 community natural forests. For all the sample community 
forests, we conducted a forest management survey by means of group interview 
in the presence of the chairman or secretary of the FFUG committee and a 

4. Only three forest user committees employ contractors or piece-rate workers. The preva­
lence of daily wage employment indicates that the enforcement of work effort is not too costly. See 
Hayami and Otsuka (1993) on this point. 
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forest/tree inventory survey by carrying out actual measurement of tree condi­
tions.5 In the case of private plantations, we interviewed their owners. In addi­
tion, we identified the forest conditions of all the selected natural forests using 
aerial photos taken in 1978 and 1996. We adopted a conventional survey 
method, rather than participatory methods widely used in the study of Nepal 's 
forest sector (Hobley 1996; Chambers 1997; Richards et al. 1999), simply be­
cause the quantitative data collected by the conventional approach are neces­
sary for our hypothesis testing. 

The basic characteristics of those three types of forests are shown in Table 
9.1 .The average size of community natural forests is by far the largest, and most 
of them are partially planted. Since sal trees have the ability to coppice, regen­
eration is the common method of improving natural forest conditions. The com­
munity plantations include four large forests partially planted to timber trees. 
If we exclude them, average plantation size becomes 13.3 hectares, rather 
than 64.7 hectares, and average plantation rate becomes 100 percent in this 
category. The size of private plantations is much smaller. Community planta­
tions began earlier than private plantations, whereas the handing over of 
community forests and registration of planted forests occurred more recently. 
The latter observation indicates that it is premature to assess the full impact of 
handing over on the growth of timber trees. In general, both natural forests and 
timber plantations are located close to residential areas. 
Private versus Community Plantations 
Now we test hypotheses 1 and 2. Table 9.2 compares selected characteristics of 
private and community plantations. Private plantations were mostly established 
on previously marginal agricultural fields, while community plantations were 
established predominantly on degraded community forestlands for which nat­
ural regeneration of forest could hardly be expected. Consequently, there is a 
significant difference in the previous use of plantation areas between them. We 
consider that private and community plantations coexist because each system 
has its own weaknesses and advantages as postulated in the two hypotheses. 

Soil type is significantly different only in the proportion of gravel soil. 
Sisso is a fast-growing, multipurpose species and more prevalent on private 
plantations than on community plantations. Other characteristics, such as tree-
planting density and the first-year survival rate of seedlings, are not significantly 
different in the two types of management systems. 

Planted trees at the early stage need to be protected from grazing by fences 
and the use of watchers. We compare the costs of protection of trees in private 
and community plantations. As is shown in Table 9.3, 80 percent of private 
plantations and 28 percent of community plantations are protected by fences. 

5. See Rayamajhi and Pokharel (1998) for details of methods of sampling patches and meas­
ured outcome. 
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TABLE 9.1 Comparison of three types of forests in inner Tarai 
Private Community Community 

Plantation Plantation Natural Forest 
Total forest/plantation size (ha) 0.72 64.7 166.2 
Size of planted area (ha) 0.72 15.4 16.3 
Plantation rate (percentage) 100 81.8 15.7 
Number of users per forest/ 

plantation (mean) 1 130.4 304.0 
Forest/plantation area per 

household (ha) 0.72 0.35 0.86 
Years since plantation (mean) 7.4 8.6 5.9 
Years since handing over (mean) 5.6a 4.0 2.9 
Walking time to forest/ 

plantation (minutes) 13.7 14.8 15.4 
Percentage of Brahmin households 36.0 12.5 13.8 
Number of samples 25 25 52 
"Years since registration. 

TABLE 9.2 Characteristics of private and community plantations in inner Tarai 
Private Community Chi-Square 

Plantation Plantation and /-Statistics3 

Previous use of land (percentage) 
Agriculture 80 8b 26.30** 
Grazing land 20 68 11.68** 
No use or barren land 0 36 10.98** 

Soil type (percentage)0 
Gravel 20 52 5.56* 
Sandy loam 4 40 0.00 
Loam 32 32 0.00 
Clayey loam 20 36 1.59 

Proportion of sisso species 91.4 (11.3) 77.5 (17.7) 3.32** 
Planting density (number per ha) 3,093 (1,520) 3,035 (3,261) 0.08 
Seedling first-year survival rate 

(percentage) 80.3 (16.1) 73.4 (15.7) 1.53 
Number of samples 25 25 
NOTE: Standard deviations are in parentheses. 
"Pearson's chi-square test statistics for the first seven comparisons and /-statistics for the last three. 
"Used as agricultural land because of encroachment. 
Tota l becomes more than 100 percent because some plantations have more than one soil type. 
*.05 level 
**.01 level 
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TABLE 9.3 Comparison of protection cost between private and community plantations in 
inner Tarai 

Private 
Plantation 

Community 
Plantation /-Statistics 

Use of fences (percentage) 80.0 28.0 13.61**a 

Labor cost to build fences (rupees/ha)b 3,642 (4,358) 6.27 (31.37) 4 17** 

Material cost for fences (rupees/ha) 2,081 (9,055) 0(0) 1.15 
Maintenance cost (rupees/ha/year) 806(1399) 30.5 (90.8) 2.77* 
Use of watchers (percentage) 72 100 g 94**a 
Number of watchers per hectare 2.08 (2.62) 0.25 (0.28) 3 47** 

Watcher cost (rupees/ha/year)b 13,885 (24,642) 1,818(2,036) 2.44* 
Number of samples 25 25 
NOTE: Standard deviations are in parentheses. 
"Pearson's chi-square test. 
bBoth family labor and users' participatory labor are included. 
*.05 level 
**.01 level 

In general, the whole area is fenced in the case of private plantations, whereas 
small portions are protected by fences in the case of community plantations. 
Since building fences requires labor and material, private plantations have 
significantly larger costs for fencing, even if the cost of "free" participatory la­
bor in community plantations is imputed by using the prevailing agricultural 
wage rates. Note that because all fences are made of bush trees (live hedge) in 
community plantations, there is practically no material cost. On the other hand, 
purchased materials, such as barbed wire, poles, and bamboo, are used in some 
private plantations. All community plantations employ watchers; some private 
plantations do not. Owners of private plantations may be able to watch their 
trees while they work in the field, or their plantations may be too small to em­
ploy watchers, who usually work full time. The average number of watchers 
employed and the cost of watchers per hectare per year, however, are sig­
nificantly higher in private than community plantations. It is clear from these 
observations that the larger cost of protection is incurred by private rather than 
community plantations. 

In order to examine the effect of the difference in management systems on 
the cost of protection more rigorously, we estimate regression functions in 
which fence cost and the number of watchers per hectare are dependent vari­
ables. Explanatory variables include a dummy for private plantations, variables 
related to the cost of plantation management (that is, total plantation area per 
household and walking time to plantation), timing of plantation establishment, 
and soil type dummies. We included soil type dummies, because they critically 
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affect the growth of timber trees, which in turn may affect incentives to protect 
them. We also assess the effects of building fences and employing watchers on 
the condition of plantations by means of two-stage estimation models, in which 
the first-year survival rate of planted trees is a dependent variable in the sec­
ond-stage regression. 

Table 9.4 shows the regression results. As would be expected, fence cost 
and the number of watchers per hectare are significantly higher in private plan­
tations, judged from the significant coefficients of the dummy variable for pri­
vate plantations. We also applied the two-stage estimation procedure to the first-
year survival rate in which the predicted fence cost or the number of watchers 
is used as an explanatory variable (see the last two columns of Table 9.4).6 Both 
the cost of fences and the number of watchers have a significantly positive ef­
fect, while the dummy for private plantations has no significant effect in those 
two-stage estimations, which implies that there is no significant difference in 
the survival rate between private and community plantations, after controlling 
for the effect of the cost of fences or the number of watchers. Thus, private plan­
tations seem to invest more in protection, which leads to a higher first-year sur­
vival rate. Therefore, although community plantations incur less cost of tree 
protection than private plantations, we cannot conclude that the community 
management is less costly to achieve the same level of protection, as far as the 
first-year survival rate is an appropriate measure of protection. In consequence, 
hypothesis 1 is not strongly supported by the analysis of the survival rate.7 

We also assess the difference in management performance between pri­
vate and community plantations in terms of labor inputs, excluding those 
specifically used for patrolling and watching, and the proportion of good-
shaped trees.8 Table 9.5 summarizes labor inputs for management of planta­
tions. Although both private and community plantations use hired labor, the lat­
ter hire significantly less labor than the former. Since trees in timber plantations 
are still young, thinning is not carried out widely. Labor inputs for weeding and 
pruning per hectare per year are higher in private plantations than community 

6. Since there is no strong a priori reason to assume direct effect of timing of plantation es­
tablishment (years since tree plantation) on the first-year survival rate of seedlings, we omitted it 
from the second-stage regressions. Rainfall variable is not used in the analyses of this study sim­
ply because our sample forests are located in relatively small areas, so that variations in rainfall are 
relatively small. 

7. This result, however, is consistent with the observation of Chakraborty et al. (1997:91) 
that "historical experience has shown that forest protection is not feasible without the cooperation 
of the local communities." 

8. Information about crown cover and good-shaped trees was collected in the forest inven­
tory survey by professional foresters. Crown cover is the measure of stocking density of forest, 
whereas proportion of good-shaped trees is the measure of the quality of young timber trees judged 
by the foresters. 
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TABLE 9.5 Comparison of labor input between private and community plantations 
in inner Tarai 

Private Community 
Plantation Plantation /-Statistics 

Percentage of hired labor in total 
labor input 54.2 (45.7) 11.8 (32.1) 3.53** 

Weeding labor (person-days/ha/year) 11.0(11.0) 6.0 (9.6) 1.60 
Pruning labor (person-days/ha/year) 7.2 (7.6) 0.9 (2.0) 3.98** 
Thinning labor (person-days/ha/year) 0.2 (0.6) 0.04 (0.2) 1.03 
Total labor input (person-days/ha/year) 18.3(16.6) 6.9(10.3) 2.84** 
Number of samples 25 25 
NOTE: Standard deviations are in parentheses. 
**.01 level 

plantations, even though the significance level is low for weeding. Total labor 
input is significantly higher in private plantations. 

The regression results, which control for the effects of various factors, 
such as years since tree plantation, its square term, and the number of trees by 
size class based on diameter at breast height (DBH), confirm that total labor in­
put is significantly higher in private plantations (Table 9.6). Moreover, the es­
timation of reduced-form ordinary least squares (OLS) equations demonstrates 
that crown cover does not differ between the two types of plantations. If crown 
cover is an appropriate measure of protection efforts, this finding, coupled 
with the earlier finding that the cost of protection is higher for private planta­
tions, supports hypothesis 1, that collective management is less costly than 
private management for protection. It is also found that the conditions of tree 
plantations measured by the percentage of good-shaped trees are better in pri­
vate plantations than in community plantations. Note that this percentage would 
reflect the intensity of the management of trees but not the intensity of protec­
tion. Thus, this result indicates that a private management regime has a notice­
able effect on the management of trees, which is consistent with hypothesis 2. 
Effects of Handing Over 
In order to test hypothesis 3 regarding the effect of handing over from the state 
to formal user groups, we analyze whether the condition of communally managed 
natural forests has improved after handing over. All our sampled natural forests 
had already been handed over to forest user groups in recent years. The average 
years passed since handing over were 2.9 as of 1997, as shown in Table 9.1. 

Table 9.7 displays current regulations on community natural forests. Graz­
ing and the cutting of live branches are totally prohibited in most forests, while 
collection of grass and dead firewood is permitted with some restrictions in 
most cases. It is also noteworthy that timber harvesting is not totally prohibited 





a 

a o 
3 , 

OJO 
Pi 
Os W -J 
aa 
< 

> O 
6 0 

s 
•3 

a , 
a 
I?1 

6 

3. 
.2 

1 u 

Pi 

00 
o c -a 

Pi 

O cS 

<u o 

H g 

1 

p —; p p oi >o t̂ o \o 

p O p O 
od o o NOi (N m r-4 CN 

O <o o o o 
NO m » N f M 

t-~- m 

oo o 
o m P) 

CN NO —< NO i<-i 
ON —<' T f 

NO oo tN n 

r-~ oo oo io >n 

O 
§ 

•8 ° 
eg 

S g « 8 a S3 
=3 O O O | g 
o O H 



Timber Forest Management in Nepal and Japan 331 

TABLE 9.8 Use of watchers before and after handing over in inner Tarai 
Before After 

Handing Over Handing Over /-Statistics 
Average number of watchers 

per FUGa 1.45 1.74 2.00* 
Use of rotation system (percentage) 8.3 0 1.77* 
In-kind payment (percentage) 23.3 3.3 2.95** 
aFUG stands for forest users group. Forest area did not change after handing over. 
*.05 level 
**.01 level 

in the majority of cases. As shown in Table 9.7, regulations have become 
stricter after handing over, especially for grass and dead firewood collection and 
grazing. In contrast, it is interesting to observe that regulations on timber har­
vesting have been relaxed after handing over in more than one-third of the sam­
ple forests. This is because before handing over, IFUGs were not allowed to 
harvest timber. This observation is consistent with the fact that the New Forest 
Act of 1993 allowed FFUGs to harvest timber for sales.9 Thus, we expect that 
user groups have a stronger incentive to manage their forests after handing over. 

The average number of watchers has increased after handing over (Table 
9.8). In addition, forest user groups abolished the rotation system of patrolling 
by their members and in-kind payment to the hired watchers after handing over. 
These changes seem to imply that because FFUGs now receive sale revenues, 
they are willing to and can afford to pay monetary rewards for watchers to pro­
tect forests. 

In order to test hypothesis 3, we estimated a probit regression to examine 
whether the improvement of forest condition can be explained by "years since 
handing over." The dummy variable for the improvement was constructed 
based on the interpretation of aerial photos taken in 1978 and 1996: if the crown 
cover improved from 1978 to 1996, then the dummy variable assumes one.1 0 
Out of 52 forests, crown cover improved in 25 forests, whereas deterioration 
occurred in 4 forests. As shown in the second row in Table 9.9, the variable 
"years since handing over" (YSH) has no significant effect on the improvement 
of forest condition. This may be explained by the fact that the period after hand­
ing over is generally too short to exert significant effect on crown cover. 

9. Out of 52 sample forests, 34 sold timber in 1997, and among them only 3 sold timbers 
to external markets, as mature trees were still scarce. 

10. Crown cover was estimated by five categories, ranging from 0-20 percent class to 
80-100 percent class. Improvement refers to change from one category to the next upper category 
in the majority of cases. Also note that we used only 44 samples, rather than the full sample of 52, 
because of the lack of certain variables in eight forests. 



332 Takeshi Sakurai et al. 

TABLE 9.9 Determinants of improvement of natural community forests in inner Tarai 
Crown Cover Crown Cover Crown Cover 
Improvement: Improvement: Improvement: 
Probit Model Probit Model Probit Model 

Intercept -2.72 (2.40) -2.49(2.14) -1.83 (1.35) 
Years since handing over (YSH) -0.19(1.07) -0.22(1.20) -0.63 (1.82)* 
Centralized management 

dummy (CMD) n.a. -0.50 (0.95) -2.49 (1.83)* 
YSH x CMD n.a. n.a. 0.76 (1.58) 
Forest area (ha) -0.004 (2.07)* -0.004 (2.08)* -0.003 (1.77)* 
Percentage of forest area located 

on slopes 0.01 (1.42) 0.01 (1.46) 0.01 (1.46) 
Walking time to forest (minutes) 0.04(1.37) 0.04(1.37) 0.05 (1.30) 
Traveling time to market (minutes) 0.001 (0.23) -0.000 (0.12) -0.001 (0.37) 
Number of users 0.001 (0.82) 0.001 (0.89) 0.002 (0.98) 
Number of Brahman households 0.01 (0.99) 0.02(1.23) 0.02 (0.94) 
Soil type dummy (gravel) 0.61 (1.13) 0.63 (1.15) 0.54 (0.86) 
Soil type dummy (sandy loam) 1.82 (2.73)** 1.86 (2.81)** 1.92 (2.67)* 
Soil type dummy (loam) 1.17(1.66) 1.24(1.71) 1.44(1.72) 
Soil type dummy (clayey loam) 2.21 (2.53)* 2.32 (2.64)* 2.53 (2.45)* 
Fraction of correct predictions 0.77 0.80 0.84 
Number of improved forests 22 22 22 
Number of samples 44 44 44 
NOTE: The improvement of crown cover is represented by a dummy variable (unity for improvement), 
whose judgment is based on aerial photos taken in 1978 and 1996. /-Statistics are in parentheses, "n.a." 
refers to "not applicable." 
*.05 level 
**.01 level 

We also considered the effect of centralized community management and 
its interaction effect with years since handing over.11 While there are no signifi­
cant independent effects of years since handing over and centralized manage­
ment (third column in Table 9.9), their significance levels improve when we 
added the interaction term between them (fourth column). Even in the last case, 
however, the tests of joint effects reject the significant effect of any of these 
variables. Thus, there is no evidence that handing over and centralized man­
agement significantly affected changes in crown cover.12 

11. The hypothesis regarding centralized management is tested in the next section, where 
we describe the features of the centralized management system. 

12. Considering the possibility that the choice of centralized management system is en­
dogenous, we also applied the bivariate probit model to estimate the determinants of crown cover 
improvement and the presence of centralized management simultaneously. As in the results of pro-
bit estimates shown in Table 9.10, we did not find a significant effect of centralized management 
on the improvement of crown cover. 
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Forest size has negative effect, as it will increase the cost of enforcing col­
lective agreements on the use of forests. The number of user households, how­
ever, is not significant, as are the percentage of forest area on hill slopes, walk­
ing time to forest, traveling time to market towns, and the proportion of 
Brahman households. On the other hand, two of the soil type dummies have 
significant coefficients. 

To sum up, although data in Tables 9.7 and 9.8 strongly indicate that the 
establishment of formal user groups strengthened the protection and manage­
ment efforts of forests after handing over, the regression results failed to 
confirm the significant effects of changes in management systems on the forest 
conditions. We may conjecture that the period after handing over is too short 
to observe a positive and significant effect of the increased protection on forest 
conditions. 
Centralized Management versus Collective Management 
We now compare the efficiency of centralized management with collective 
management of community forests, in order to test hypothesis 4. Among 52 nat­
ural forests sampled in this study, 24 forests adopt the centralized management 
system, and the other 28 forests adopt the traditional collective system. Under 
the centralized system, forest user committees, whose members are elected by 
members of the forest user group, have the absolute authority to make man­
agement decisions, including the employment of wage workers for forest man­
agement operations. Such a management system was introduced recently when 
the forests were handed over to take care of timber trees with a view to selling 
high-valued timber trees to markets in the future. Under the collective man­
agement system, the decisionmaking authority of user group committee is com­
parably more restricted, and all members of forest user group are supposed to 
participate in the whole range of forest management operations. We expect that 
the centralized management system manages forest more effectively. 

The basic characteristics of these two types of timber-harvesting forests 
are compared in Table 9.10. Regarding the characteristics and the conditions of 
forests, there is not much difference between collective and centralized man­
agement. As for the village characteristics, it can be seen that communities that 
manage forests centrally tend to be located significantly closer to markets and 
have a significantly higher percentage of Brahman households. There is, how­
ever, no significant difference in the number of user households and growth rate 
of households for the past 18 years.13 

Revenues and expenditures of forest user groups are also summarized in 
Table 9.10. There is no significant difference in total revenue (sale of timber or 
firewood and membership fee) between centralized and collective management 

13. In general, there is no major difference in the characteristics of agriculture between the 
two management systems, such as the ratio of households using chemical fertilizer, the proportion 
of irrigated paddy fields, and the rate of reduction in the size of livestock. 
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systems in 1996. But total expenditures (including those for forest management 
and protection but excluding investment in tree planting, nursery, and commu­
nity development) are significantly higher in centrally managed community 
forests than collective ones. This is partly because users' participatory labor in 
collectively managed forest is not included in the expenditure data owing to the 
difficulty in obtaining reasonable estimates of aggregate labor inputs from the 
interview with user group committee members. Thus, expenditure is under­
estimated for the collective management system. Gross profit, which is defined 
as the difference between the total revenue (sale of timber and firewood and col­
lection of membership fees) and the total expenditures (including those for for­
est management and protection but excluding investment in tree planting, nurs­
ery, and community development), is not significantly different; neither is gross 
profit per unit of forest area or per user group member. The absence of signifi­
cant difference in the gross profit may be partly explained by the underestima­
tion of the expenditure under the collective management system. 

We estimated the profit functions to examine the effect of centralized man­
agement on the gross profit after controlling for the effects of other variables 
(see Table 9.11). In order to take into account the endogenous choice of the 
management systems, we applied the switching regression procedure in which 
whether centralized management is adopted is determined in the first-stage pro-
bit regression (see the second column). The incidence of centralized manage­
ment is affected positively by the proportion of Brahman households and neg­
atively by traveling time to the nearest market town. These results indicate that 
the centralized management system was introduced in those forests that have 
favorable access to markets and that the leadership of Brahman households is 
conductive to the centralized management. 

Using the results of probit regression, we obtained the predicted probabil­
ity of the adoption of centralized management and the predicted probability 
density and estimated the switching regression model to explain gross profit per 
forest user. We added the interaction term between the predicted probability of 
the adoption of centralized management and years since handing over because 
the management incentives under centralized management system would have 
been changed by the handing over of forest use rights. It is found that central­
ized management has a positive and significant coefficient in the second-stage 
regression. Although its interaction term with years since handing over is neg­
ative and highly significant, the total effect is found to be significantly positive, 
which renders support for our hypothesis 4, that centralized management is 
more efficient than collective management.1 4 In addition, the total effect of 

14. On a priori ground we expected a positive interaction between centralized management 
and years since handing over. A close examination of the data suggests, however, that centralized 
management makes particularly large profits immediately after handing over by selling mature nat­
ural trees. 
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years since handing over, which takes into account the effect of its interaction 
term with centralized management, is significantly positive, indicating that 
years since handing over do have significant influence on the observed effi­
ciency of forest management measured by profitability.15 This finding supports 
our hypothesis 3. 

Finally, we examine the effect of centralized management on forest con­
dition in terms of the number of regenerated trees per hectare, which are shorter 
than breast height. This can be used as a proxy for the short-run measure of the 
improvement of forest conditions because regeneration takes place soon after 
the protection begins. The estimation result of switching regression is exhib­
ited in the last column of Table 9.11. It is found that regeneration does not de­
pend on years since handing over, the probability of centralized management, 
and their interaction effect.16 The absence of the significant effect of central­
ized management implies that both centralized and collective management sys­
tems protected the forests equally well, so that there is no difference in the num­
ber of regenerated trees. In other words, the management systems affect 
silvicultural operations but not protection. 

Thus, we may conclude that forest user groups adopting a centralized man­
agement system are more efficient for the management of timber forests, ren­
dering clear support for hypothesis 4. In terms of the protection of natural forests, 
both types are equally efficient, which is also consistent with hypothesis 2. 
Summary of Findings 
Regarding the efficiency of private and collective community tree plantations, 
our study demonstrated that neither private management nor community systems 
completely dominate. Private management is more efficient for the management 
of trees, where collective community management tends to be more efficient for 
protection of trees, though the statistical evidence for this is not definitive. 

The effect of handing over on the conditions of natural community forests 
was not clearly identified in this study. Since we observed a distinct increase in 
protection levels after handing over, however, it is expected that there will be 
a positive effect of strengthened community land rights on forest conditions in 
the longer run. 

The most important finding of this study is the demonstration of superior 
management efficiency of a centralized user group management system, in 
which a user group committee organizes participation of community members 

15. This result is in contrast to no significant effect of handing over on the improvement of 
crown cover as shown in Table 9.9. 

16. While no significant effect of the predicted probability of centralized management is 
found, the coefficient for the predicted probability density of centralized management is estimated 
to be significantly negative. These results imply that between centralized and collective manage­
ment systems there is some difference in the regeneration of plants that cannot be explained by the 
exogenous variables used in the first-stage probit regression. 
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for protection of trees and hires laborers for management of trees. As was in­
dicated by the comparative study of timber plantations, collective community 
management works better than private or individualized management for pro­
tection of trees. Thus, centralized management relies on community labor for 
protection. Unlike collective management, however, centralized management 
employs hired labor for management activities of trees, such as weeding, sin­
gling, pruning, thinning, and harvesting. Since a part of timber revenue will ac­
crue to user group committee members, as well as to members of the commu­
nity at large (for example, in the form of investment in village infrastructure), 
there are clearer incentives to manage forests under this system than that of col­
lective management, in which benefits are shared more or less equally. When 
both the advantages and disadvantages of collective and private management 
are considered conceptually and empirically, it seems clear that the centralized 
management system is highly efficient in the management of timber forests 
compared with the other existing forest management systems. Therefore, we 
expect that a centralized management system will be adopted more widely in 
timber growing areas of Nepal. 

Case Study of Pos twar J a p a n 
Hypotheses 
In the case of postwar Japan, there has been practically no demand for firewood, 
nor has there been any need for grazing. Thus, protection of timber forests has 
not been much of a problem. For management of trees, work incentives matter. 
We hypothesize that individualized management is more efficient than collec­
tive management, as the former provides stronger work incentives than the lat­
ter, which shares the revenue, in principle, equally among forest user group 
members. One may wonder why complete privatization did not take place if in­
dividual management is more efficient. Actually it took place in a non-negligi­
ble number of cases throughout Japan (Sakurai 1997). Complete privatization, 
however, was infeasible in many cases. Although shares of community owner­
ship rights were officially granted to individual members in some community 
forests in the late nineteenth century by the land titling program (when the land 
tax system was introduced), the inheritance of those rights was not registered 
in many cases, and some offspring of original owners had left their villages. 
Without consent of all the official owners, joint community ownership could 
not have been officially resolved into truly private ownership. Many other 
forests were claimed to be government land at the time of the introduction of 
land tax system.17 The communities were, however, allowed to purchase back 

17. When the land tax system was introduced in 1873, many community forests were na­
tionalized, even though they were used by communities. Responding to repeated requests of com­
munities, the government sold the forestland to communities in the decade 1910-20 (Kasai 1964). 
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their forests under the names of villagers from the government at nominal prices 
during the second decade of the twentieth century. Yet the transfer of owner­
ship rights was often unregistered thereafter. Another problem was that the fair 
division of forest area into individual parcels was not easy because of the lack 
of measurement of forest area and its geographical heterogeneity, both of which 
made it difficult to partition the forestland equally to community members, who 
possessed equal rights. 

Specifically, we postulate the following hypotheses: 
Hypothesis 1: Timber trees are more actively planted under individual man­

agement than collective management. Since reliable official data on areas planted 
with trees ("tree-planted areas") at the forest level are available in Japan, we as­
sess the validity of this hypothesis using the data of selected sample forests. 

Hypothesis 2: Thinning is more actively carried out under individual man­
agement than collective management. Because of the superior work incentives, 
we expect that trees were more actively planted, in terms of both planting area 
and density, and more carefully managed under the individual system than un­
der the collective system. In consequence, the number of young trees thinned out 
would be larger under the individual system. We used aerial photos taken at two 
points in time to measure the amount of thinning at the parcel level within se­
lected community forests. As suggested earlier, significant transaction costs had 
to be incurred to transform collective management into individual management 
with clear individual use rights. Thus, we postulate the following hypothesis: 

Hypothesis 3: The larger the forest area, the greater would be the likeli­
hood that the individual management of community forests was introduced, 
partly because of the greater costs of community forest management under the 
collective system and partly because of the larger expected benefits of the 
change in management systems. While the homogeneity of community forest 
users would also affect the choice of forest management institutions, the direc­
tion of its effect is uncertain. This is because the more homogeneous the forest 
user group members, the lower the transaction costs of both maintaining col­
lective management and introducing the new individual management system. 
In Japan there was no appreciable heterogeneity in ethnicity and social status. 
In our observation, the major factor affecting the differences in the interests of 
community members in the management of community forests was the owner­
ship of private forests. It seems that those who owned large private forests did 
not have strong interests in the management of community forests. Thus, we 
pay particular attention to the ownership structure of private forests in the en­
suing statistical analysis. 

Sample Forests 
We randomly selected 61 community forests in the northern, mountainous ar­
eas of Gunma Prefecture based on the Shinrin-Bo (forestry account books) of 
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the early 1990s, which are unpublished internal statistics compiled by the pre-
fectural government based on the analysis of aerial photography and actual sur­
veys conducted every five years with rotation of covered areas. Our sampling 
was restricted to those forests larger than 5 hectares managed by more than 10 
households, as it was presumed that the smaller forests are similar to private 
forests in terms of management policies and practices. The forestry account 
books contain detailed information about location, area, altitude, slope, tree 
species, and age of trees by parcel distinguished by growth of natural and 
planted trees.18 Harvesting was almost never carried out in the postwar period, 
because timber prices dropped unexpectedly in the 1980s and 1990s, when tim­
ber trees planted in the 1950s gradually became mature 30 to 40 years later. We 
traced out the history of tree planting from 1955 to 1980 using the data on ages 
of trees and areas of parcels collected in the early 1990s. 

We also conducted interviews with the leaders of community forests to in­
quire into the historical process of establishing a community forest manage­
ment system, management rules and their changes, changes in the use of forest­
land, and the location of forests. We used a map with the scale of 1:25,000 to 
estimate the average distance between the center of the residential area and the 
forest and to ascertain the land use changes over time. 

Out of 61 forests, we found that 45 were collectively managed under the 
leadership of core members, whereas individualized management was prac­
ticed in all or part of 16 forests. Among these 16 forests, 12 had adopted some 
degree of individualized management since the prewar period (many of which 
pertained to the collection of grasses). Another 3 did so when the government 
measured the community forest areas for the land inventory survey in the early 
1950s.19 These historical facts indicate that the decision of individualization 
had been made before 1955, when the communities actively began to plant 
trees. This does not imply, however, that other communities did not attempt to 
introduce the individualized management system during the postwar period. 
We gathered that many did but failed because of the insurmountable difficul­
ties in reaching agreement. There were also community forests whose members 
did not express any interest in dividing the use rights because collective man­
agement worked well, according to the interviews with the leaders. 

Table 9.12 exhibits the basic statistics of sample community forests and 
characteristics of communities by management system. Individually managed 
land accounts for 56 percent of forestland under individualized management. 
Consistent with our hypothesis, the area planted to timber trees per member 

18. A parcel is called fude, which is the unit of area distinguishable from other areas in terms 
of land use. 

19. We failed to determine a clear reason for the individualization in one case because it took 
place before the turn of the century, and we found only one case in which community members 
clearly demanded the change to the individualized system in the early postwar period. 



Timber Forest Management in Nepal and Japan 341 

TABLE 9.12 Characteristics of community forests and communities by management 
system in Japan 

Collective 
Management 

Individualized 
Management ^-Statistics 

Proportion of forest area under 0 0.56 6.10** 
individualized management (0) (0.37) 

Tree-planted area per member 0.16 0.47 2.67* 
household (ha) (0.18) (0,44) 

Forest area (ha) 53.8 107.8 1.90 
(57.8) (108.3) 

Number of member households 67 66 0.07 
(56) (62) 

Percentage of share system 56 81 2.05* 
(50) (40) 

Percentage of tree-planted area in 1955 16.4 12.4 0.96 
(22.8) (10.0) 

Altitude (m) 640 673 0.55 
(196) (222) 

Slope (degree) 24.2 24.5 0.13 
(8.1) (8.2) 

Distance from residential area (km) 2.03 1.95 0.19 
(1.62) (1.11) 

Average paddy field area per 0.20 0.20 0.03 
household (ha, 1970) (0.10) (0.11) 

Average private forest area per 1.67 1.36 1.26 
households (ha, 1970) (0.91) (0.68) 

Gini coefficient of private forest 0.71 0.65 1.72 
ownership (1970) (0.08) (0.18) 

Number of samples 45 16 
NOTE: Standard deviations are in parentheses. 
*.05 level 
**.01 level 

household under individualized management was about three times as large as 
under collective management between 1955 and 1980, even though the total for­
est area of the former was also twice as large as the latter on average. The num­
ber of member households was almost the same between the two management 
systems. The number of member households has generally been fixed over time, 
particularly in those cases in which individual households owned shares of own­
ership rights, which were distributed when forestlands were purchased from the 
government between 1910 and 1920. In those cases in which shares were not 
held, it is not clear whether newly established households and newcomers were 
entitled to use forestland, in which case incentives to manage timber forests for 
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incumbent members would have been lower. This possibility is rather remote 
because the number of households did not increase significantly and in some 
cases even decreased during the postwar period in most communities. 

The larger area of tree planting per household under individualized man­
agement does not seem to be explained by the innate advantage of those indi­
vidually managed forests for tree planting over those managed collectively. 
First, the proportion of tree-planted areas was smaller under individualized 
management in 1955; if the forests managed by individualized systems were 
particularly suitable for timber tree planting, the proportion of tree-planted ar­
eas in 1955, which included areas planted to timber trees before the war, would 
have been larger. Second, in terms of average altitude, slope, and distance from 
the village settlement to the forest, there is no noticeable difference between the 
two. Thus, we hypothesize that the more active tree planting under individual­
ized management was attributable to its superior incentive system. 

Using the agricultural census (Japan, Ministry of Agriculture, Forestry, 
and Fishery 1995), we collected baseline (1970) information about communi­
ties that managed our sample forests.20 Specifically we obtained data on paddy 
field area and private forest area per household and computed the Gini 
coefficient of private forest ownership.21 The first two variables are assumed to 
reflect the average level of wealth of member households. Since the selected 
communities were highly dependent on rice production, the paddy area is sup­
posed to represent the wealth level relatively accurately. Average paddy field 
area per household can be legitimately considered exogenous, as paddy fields 
were redistributed by the postwar land reform, and their transaction was se­
verely restricted by law. We expect that the larger the paddy and private forest 
areas, the smaller will be the timber tree plantation on community forest be­
cause of the negative wealth effect on incentives to perform community labor. 
The private forest ownership, however, may capture other effects aside from 
the wealth effect. First, management of private forests during the off-farm sea­
son may compete with that of community forests. Because of this, the larger 
ownership of private forests may lead to a lower incidence of tree planting on 
community forests. Second, management experience and know-how of private 
forests may have a positive effect on management of community forests, which 
will lead to the larger area of timber tree plantation. Third, the larger the own­
ership of private forest area, the smaller would be the demand for the use of 

20. The year 1970 was the earliest year for which data on communities (shuraku) could be 
obtained. Shuraku has the origin of a natural village and is smaller than the smallest administrative 
unit (village, town, or city, depending on the population). We believe that the relative magnitudes 
of the community-specific variables we used for the regression analysis have been largely un­
changed for many years. 

21. Among our sample communities, about 60 percent of households owned private forests, 
which are generally located in flatter areas near residences. Private forests used for timber were 
generally used for grassland before the war. 
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forestland. According to our interviews, households that owned private forests 
had higher priorities for the management of private forests than that of com­
munity forests. Although this may indicate the superior incentive system of pri­
vate ownership, it may be due to advantageous location and generally more fer­
tile soil of private forests. 

Table 9.12 indicates that there was no significant difference in average area 
of paddy ownership between the two types of systems, whereas there is an in­
dication that individualization of forest management took place more often in 
areas endowed with smaller private forests. 

The size and heterogeneity of community would affect the transaction 
costs of community forest management. We expect that the total forest area will 
be related to the cost of enforcing community agreements, whereas the total 
number of member households will be related to the cost of reaching agree­
ments. That forest areas were generally much larger for those forests managed 
individually suggests that the individualization took place in order to save the 
higher cost of enforcing the collective agreements. We measured the hetero­
geneity of interests in management of community forests by the Gini coefficient 
of private forest ownership.22 It is generally believed in the literature that the 
larger the heterogeneity of interests, the greater the cost of reaching agreements, 
so that the community management system does not function well (Wade 
1988). Table 9.12 indicates that iriaichi tended to be managed by individual 
members in areas where the inequality of private forest ownership was smaller. 

In order to examine the effect of individualization on the management of 
timber forests, we selected eight individualized community forests that oper­
ated both collectively managed and individually managed parcels. Then, from 
the list of parcels of each community forest we randomly sampled four parcels 
managed collectively and another four managed individually. For ease of com­
parison, we selected parcels planted to cedar, which is the most popular tree in 
our sites.23 Using aerial photographs taken in 1973 and 1986 or in 1979 and 
1989, we identified all the selected parcels and counted the number of cedar 
trees per hectare.24 We assume that the reduction in the number of trees was 
caused mainly by thinning operations. This assumption is reasonable because 
neither the encroachment of noncedar trees, which is caused by the lack of thin-

22. Since private forest was not subject to the land redistribution program of the land re­
form, the inequality of private forest ownership would not have changed significantly before and 
after World War II. On the other hand, the inequality of the ownership of paddy fields must have 
changed substantially as a result of the land reform. 

23. Although we tried to select 4 parcels from each parcel group (8 community forests and 
2 management systems make 16 parcel groups in total), we could select only 3 cedar-planted parcels 
suitable for the analysis from two groups. Hence, we additionally selected 1 parcel from two other 
groups, so that we have 32 collectively managed parcels and 32 individualized parcels. 

24. The analysis of aerial photographs was conducted by specialists at Japan Forest Tech­
nical Association, Tokyo. 
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ning and weeding, nor total denudation of certain portions of forest, which takes 
place as a result of harvesting, was observed in the analysis of aerial photos. 
Thinning is a necessary operation to produce high-quality timber and is nor­
mally carried out repeatedly after the age of 10. In this chapter we use the re­
duction in the number of planted trees per hectare per year as the measure of 
the management intensity of timber forest. 

Table 9.13 indicates that the number of trees per hectare declined more 
sharply on individualized parcels than on collectively managed parcels, whose 
difference is statistically significant at the 5 percent level. However, trees are 
younger on average on individualized parcels, and partly because of this, the 
number of trees per hectare in the base year might have been higher on indi­
vidualized parcels. Parcel area is significantly different in that the average area 
of collectively managed parcels is larger. Parcel area per household under col­
lective management, however, is substantially smaller. Among other vari­
ables, altitude, slope, and distance to road are not different between the two 
types of parcels. 

TABLE 9.13 Characteristics of cedar-planted parcels by management system in Japan 
Collective 

Management 
Individualized 
Management t -Statistics 

Number of trees per hectare in the 2,260 2,580 1.57 
base year (820) (820) 

Number of trees per hectare after 1,660 1,770 0.65 
10-13 years (710) (670) 

Reduction of number of trees per -51 -70 2.06* 
hectare per year (28) (43) 

Age of trees in the base year 23 18 2.17* 
(12) (7.6) 

Altitude (m) 760 810 0.51 
(440) (400) 

Slope (degree) 23 23 0.06 
(9.0) (7.6) 

Area of parcel (ha) 1.83 0.41 2.36* 
(3.23) (0.27) 

Area of parcel per household (ha) 0.02 0.41 8.05** 
(0.04) (0.27) 

Distance from nearby road to the 120 140 0.72 
center of parcel (m) (92) (140) 

Number of samples 29 32 
NOTE: Standard deviations are in parentheses. 
*.05 level 
**.01 level 
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Econometric Analysis of Tree Planting 
We now estimate the timber tree-planting function using the tree-planted areas 
per household from 1955 to 1980 as a dependent variable. Independent vari­
ables include the proportion of forest area under individualized management, 
as well as other variables shown in Table 9.12, which are considered exoge­
nous. Although we believe that the individualization of forest management took 
place exogenously during the prewar period, the possibility of endogenous self-
selection cannot be ruled out a priori. Thus, in addition to the OLS estimation 
of a tree-planting function in which the proportion of individualized forest area 
is assumed to be exogenous, we estimated a recursive system of equations in 
which a predicted proportion of individualized forest area is used in the second-
stage estimation (see Appendix to this chapter for further details of estimation 
method). 

The results are shown in Table 9.14. The first two columns show the esti­
mation results of a probit model explaining the individualization and those of 
a corresponding tobit model explaining the proportion of forest area under in­
dividualization. The percentage of tree-planted area in 1955 is not included in 
the probit and tobit models because it might have been affected by individual­
ization. Both results are very similar and confirm several important results. 
First, large forests in which enforcement of a collective agreement will be costly 
tend toward individualized management. This supports hypothesis 3. Second, 
the larger the average size of private forest in a community, the less frequently 
individualized management was adopted. Naturally, demand for an individual 
plot inside a community forest is lower if community members own large ar­
eas of private forest. Third, greater community heterogeneity, as measured by 
the Gini coefficient of private forest ownership, decreases individualization. 
This may be explained by the high transaction cost to reach an agreement to di­
vide a community forest among heterogeneous community members. Fourth, 
community forests located closer to residential areas tend to be individualized. 

The last three columns demonstrate the estimation results from tree-plant­
ing area regressions by OLS and recursive systems, respectively. The estimated 
coefficients of the two recursive systems are the same, but different methods to 
compute standard errors are applied: the first one is heteroskedastic-consistent, 
and as a result significance levels are a little better, while the second one uses 
the standard Gauss algorithm. The three results are very similar not only in 
coefficients but also in the significance levels. The following points are partic­
ularly worth emphasizing. 

First, and most important, it is found that the variable for the proportion 
of forest area under individualized management has positive and significant 
coefficients. This finding supports hypothesis 1, which states that the individ­
ualized management system provides more appropriate incentives to plant 
timber trees than does collective management. Second, it is found that forest 
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area has a positive and significant coefficient. If we assess the elasticity at the 
mean values, it is about 0.5, implying that a 1 percent increase in forest area 
is associated with a 0.5 percent increase in tree-planted area. Third, the 
coefficient of the share system dummy is positive and generally significant, 
which supports our hypothesis that incentives to plant trees were larger in 
forests where ownership rights were clearer. This seems to imply that incen­
tives to manage forests have an important effect on the investment in tree 
planting. Fourth, distance to forest tends to be positively related to tree plant­
ing. Although it is difficult to interpret this finding, it indicates that the cost of 
protecting planted timber trees does not increase sharply with an increase in 
distance to forest from residential area. Fifth, the coefficient of ownership of 
paddy area indicates that the wealth effect tends to reduce the timber t r e e -
planted area.25 Sixth, despite the suggested negative effect of wealth, owner­
ship of private forest does not seem to have deterred tree planting. There might 
have been economies of scale or scope in planting trees on private and com­
munity forests, which might partially offset the negative wealth effect. Sev­
enth, although heterogeneous communities, reflected in the low Gini ratio of 
private forest ownership, tended to choose collective management, such com­
munities planted more timber trees per member. It may well be that strong 
leadership existed in heterogeneous communities. 

To sum up, our econometric analysis strongly indicates that not only clear 
ownership rights of community forest, as reflected in the shareholding system, 
but also individualized management system is conducive to timber tree plant­
ing, which was considered more profitable than growing miscellaneous trees.26 

Econometric Analysis of Thinning 
As discussed earlier, we use the performance of the thinning operation as the 
measure of the efficiency of timber plantation management. Here we estimate 
the thinning operation function by the OLS estimation technique by using the 
reduction in the number of planted trees per hectare per year as a dependent 
variable. A dummy variable for individualized parcel is used as an indepen­
dent variable, which is considered exogenous in this estimation because indi­
vidualization had been determined before tree planting and was given when the 
decision to conduct thinning was made. 

25. This is different from the finding of Patel, Pinckney, and Jaeger (1995) that trees were 
planted more actively by wealthier people in East Africa. 

26. This point was commonly and widely recognized by those who are concerned with the 
community forest management and policies in Japan. Based on this common recognition, the 
Forestry Agency of Japan has implemented the "modernization of iriaichi" program (Iriai Kindai-
ka Jigyo) since 1967 to reorganize iriaichi toward the individualized ownership system or cooper­
ative ownership system in which clear ownership rights are established formally. See Takei et al. 
(1989). 
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We estimated two models. One is to use seven community forest dummies 
to control for unobservable variables pertaining to each community forest, such 
as soil type, heterogeneity of the community, distance to the timber market, and 
nonfarm income opportunities. The other was an estimation without the commu­
nity forest dummies. Because the first thinning operation is normally carried out 
10 years after tree planting, we dropped three parcels whose trees were younger 
than 10 years of age in the base year. Thus, the number of samples for this esti­
mation is 61 rather than 64. In the estimated thinning functions, the larger posi­
tive number of dependent variable corresponds to the greater thinning activity. 

Table 9.15 shows the estimation results. Both models give very similar es­
timates except for the effect of the altitude of parcels. The effect of the dummy 
for individualization is significantly positive in both models consistently, which 
suggests that the thinning operation was more intensively carried out on indi­
vidualized parcels than on collectively managed parcels. This finding strongly 
supports our hypothesis 2, that the individualized management system is more 
efficient than the collective management system for management of timber 
trees. The effect of tree age is negative, but its absolute magnitude declines with 
age. Parcel area per household has a negative effect, implying that the larger 
parcels are, the less thinning per hectare is carried out, owing probably to the 
larger cost of organizing thinning activity. 
Summary of Findings 
Our basic argument is that it is the demand for minor forest products that leads 
to the development of common-pool resource management. Timber is likely 
not common pool in any setting, and hence the protection of privately owned 
timber trees does not require much cost, except for occasional inspection in 
postwar Japan. The cost of protection will be particularly small in tightly struc­
tured local communities where people know one another and, explicitly or im­
plicitly, agree to undertake mutual protection of their properties. Based on these 
considerations, we hypothesize that the individual management system, which 
provides stronger work incentives than collective management, leads to greater 
tree planting and thinning activities. 

These hypotheses are clearly supported by the estimation results of tree-
planting and thinning functions that larger forest areas were planted to timber 
trees and a larger amount of thinning was carried out under individual man­
agement. Also important for tree planting was the shareholding system, which 
clearly defines the holders of ownership of and use rights over community 
forests. All these findings point to the importance of land rights institutions in 
the appropriate use and management of forestland. We also found evidence that 
individualized management was more frequently introduced in areas where for­
est area was large so that the cost of organizing collective management was 
likely to be high. There is also indication that homogeneity of community mem­
bers tends to lead to the adoption of individualized management system. 



350 Takeshi Sakurai et al. 

TABLE 9.15 Determinants of thinning per hectare per year in Japan 
Without With 

Dummies for Dummies for 
Community Community 

Forests Forest 
(OLS Model) (OLS Model) 

Dummy for individualized parcels 29.8** 22.7* 
(2.45) (2.08) 

Age of trees in the base year -3.16** -3.88** 
(-2.56) (-3.01) 

Age of trees in the base year squared 0.04** 0.05** 
(2.50) (3.05) 

Altitude (1,000 m) 70.1** -32.8 
(2.57) (-0.80) 

Slope (degree) -0.27 -1.11 
(-0.40) (-1.28) 

Area of parcel per household (0.01 ha) -0.39* -0.29* 
(-2.31) (-1.70) 

Distance from nearby road to the center -0.02 0.03 
of parcel (m) (-0.56) (0.67) 

Constant 64.7** 198** 
(3.20) (3.36) 

Dummy for community forest 1 n.a. -54.0 
(-1.44) 

Dummy for community forest 2 n.a. -78.4* 
(-2.19) 

Dummy for community forest 3 n.a. -70.4* 
(-1.94) 

Dummy for community forest 4 n.a. -46.5 
(-1.43) 

Dummy for community forest 5 n.a. -96.9** 
(-2.55) 

Dummy for community forest 6 n.a. -3.91 
(-0.16) 

Dummy for community forest 7 n.a. -33.2 
(-1.21) 

Adjusted i?-squared 0.24 0.33 
Number of samples 61 61 
NOTE: /-Statistics are in parentheses, "n.a." refers to "not applicable; 
*.05 level 
**.01 level 
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Policy Implications 
In Nepal as elsewhere, forests were degraded before community actions were 
organized to rehabilitate them. At present, the need to rehabilitate degraded 
forests in developing countries is enormous. Tree planting, therefore, is in­
creasingly a critical component of forest management. In the past, however, so­
cial science research on forest resource management exclusively focused on 
protection of forest or prevention of overexploitation of forest resources. Thus, 
the issue of the relative efficiency of private and collective forest management 
amounts to that of relative cost of protection of forest resources under different 
land property rights regimes. This approach is inadequate to identify the 
efficient management systems of timber forests, which require such manage­
ment activities as planting, weeding, pruning, and thinning. We argued that an 
individualized management system or centralized management system with 
clear profit motives is more efficient than a collective management system be­
cause of the superior management incentives. This point explains why social 
forestry projects that attempt to share the benefits from forest management 
equally among community members have generally failed to grow valuable 
timber trees. A recent study by Gebremedhin, Pender, and Tesfaye (2000) also 
finds that trees are more actively planted under private management than col­
lective management in Ethiopia. 

We do not imply that individualized management systems are always 
more efficient than collective management systems, because collective man­
agement has an advantage over individualized management in the protection of 
forest resources. In postwar Japan, the demand for firewood and charcoal was 
nil, and hence the need to protect immature trees was minimal. Not only in 
Nepal but also in many other developing countries, however, there is ample de­
mand for firewood and charcoal, which suggests that the protection of tree re­
sources, both mature and immature ones, is costly and critically important. How 
to protect forests from the damage of cattle grazing is another important issue 
in forest management in many developing countries. Thus, in designing the 
most efficient system, the merits and demerits of individualized and collective 
management in the protection of forest and management of trees need to be con­
sidered. Specifically, we propose that the combination of the two systems, in 
which the protection of forest is carried out collectively and the management 
of timber trees is undertaken individually or centrally, will best serve the inter­
ests of community members. 

One may argue, however, that individualized or centralized management 
is likely to lead to inequitable access to community forest and inequitable dis­
tribution of benefits obtained from forest management. We must note that we 
did not find any evidence supporting the scale economies in timber forest man­
agement in this study. Thus, efficiency should not be sacrificed by egalitarian 
distribution of land use rights. In conclusion, we would like to emphasize that 
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a forest or plantation system in which tree rights or use rights of land planted 
with trees are granted to individual members on an egalitarian basis and the pro­
tection is carried out collectively is likely to serve both efficiency and equity 
most effectively in the developing world. 

Appendix: Estimation Procedures of Recursive System 
Let us briefly explain how we estimated the recursive system of equations in 
which the proportion of individualized forest area is determined in the first stage 
and the proportion of tree-planted area is determined in the second stage. We 
assume that the proportion of individualized forest area (PD.) is determined by 
the following equation (Maddala 1983): 

E(?T>i) = Pr(PD. > 0) * ^ (PD; | PD. > 0) + Pr(PD/ = 0) * E(PD. | PD. = 0) 

where E is the expectation operator; Pr(PDf > 0) is the probability of incidence 
of individualization; Pr(PD. = 0) is the probability of no individualization; O 
and d> are, respectively, the probability density function and the cumulative dis­
tribution function of the standard normal; and X(. is the vector of exogenous 
variables. To obtain E(VD.), first d>. and d>. are estimated in a probit model that 
explains the choice of individualization by exogenous variables. Then, pre­
dicted <E>. and fy. obtained from the probit model are used to estimate ot and a in 
equation (1) by OLS. This OLS regression gives the predicted proportion of in­
dividualized area, which is then used in the second-stage estimation of tree-
planting function given by equation (2), where GPL. is tree-planted area per 
member household from 1955 to 1980. Note that after estimating equation (2) 
by OLS, standard errors are corrected by using the original PD.. 
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10 Toward New Paradigms of Land and Tree 
Resource Management 
KEIJIRO OTSUKA AND FRANK PLACE 

Massive deforestation has been taking place in developing countries, resulting 
in deterioration of ecological environments and greater scarcity of forest re­
sources, such as firewood, fodder, and timber. Cleared land is often used in low-
input shifting cultivation, a system that cannot meet the needs of growing pop­
ulations. Even though this scenario describes a substantial proportion of rural 
settings in developing countries, some positive natural resource trends are also 
occurring. For example, reforestation has followed deforestation in selected 
forests in the hill region of Nepal (Chapter 8) and northern Vietnam (Chapter 
7). The use of agroforestry is significant and often growing, such as in the grow­
ing of commercial trees that are intercropped with annual crops when the trees 
are young. Examples include cocoa in Ghana (Chapter 3), coffee and other trees 
in Uganda (Chapter 6), and rubber and cinnamon in Sumatra (Chapter 4). 

In this study we attempted to identify, systematically and quantitatively, 
the factors affecting the evolution of land tenure institutions; their effects on 
the use of land for forestry, agroforestry, and annual cropping; and their man­
agement efficiency at community and household levels. The objective was to 
draw generalizable conclusions through comparisons of Asia and Africa, where 
cultural, natural, and policy environments are vastly different. We confirmed 
that the use and allocation of forests, agroforest, and cropland are governed by 
a range of land tenure institutions. Broadly speaking, these include communal 
ownership of land, state ownership, common property, and private ownership. 
Further, we found that the conditions under which each of these institutions per­
forms well and poorly in terms of promoting efficiency of natural resource man­
agement were consistent across the study sites. 

This concluding chapter summarizes the major lessons of the seven coun­
try studies in order to draw out the major policy implications. The following 
major issues are summarized in this chapter. First, what are the more common 
types of property rights institutions? How, if at all, are they evolving, and to 
which factors are they most responsive? Second, how do land tenure institu­
tions affect the pace of deforestation? Third, under what conditions are com­
mon property systems viable and efficient institutional arrangements? Fourth, 
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how do land tenure institutions affect investments in planting trees and their 
management efficiency? Fifth, how do land tenure institutions affect the 
efficiency of annual crop farming? Sixth, what effects do the different tenure 
systems have on equity and reduction of poverty? Policy implications arising 
from the answers to these six questions across the study sites are discussed in 
the final section. 

Evolution of Property Rights Systems 
In all the study sites operating under a communal tenure system, population 
pressure seems to be a driving force leading to the privatization of land rights 
on land converted and utilized for agriculture or agroforestry. Strong individ­
ual land rights are granted to cultivated land converted from forests and wood­
lands, even though such rights are weakened when the land is put into long fal­
low. Rights have been further individualized through long-term investment, 
most notably in tree planting. Transfer of land as a gift to wife and children in 
Ghana (Chapter 3) and the establishment of single family ownership from joint 
family ownership in Sumatra (Chapter 4) are clear examples of individualiza­
tion after tree planting. There has also been evidence that land markets have de­
veloped during the process of individualization of land rights in nearly all our 
sites (see, for example, Figure 3.2 for Ghana). Such trends have caused tradi­
tional land acquisition methods to erode. This has been particularly true in the 
land inheritance systems of Malawi, Ghana, and Indonesia, where matrilineal 
customs have given way in part to patrilineal systems, gifts, or outright sales of 
land. More private-type farming systems, such as formal leasehold or freehold 
tenure, are increasing in some places (for example, Malawi) but generally re­
main a minute proportion of total farming area. 

We have clear evidence that agroforestry systems desired by smallholder 
farmers in our sites are significantly more labor-intensive than shifting cultiva­
tion. Thus, the shift from the latter to the former with population growth is con­
sistent with the prediction of the evolutionary view of farming systems pro­
posed by Boserup (1965). Such a shift generally requires investment, but 
Boserup does not analyze how to provide appropriate investment incentives. 
The fact that investment in tree planting confers strong individual land rights 
implies that communal land tenure institutions have built-in rules to ensure the 
intensification of land use in areas where agroforestry has a comparative ad­
vantage. Whether similar incentive-enhancing rules exist in other farming ar­
eas, where investments in land improvement, such as irrigation and terracing, 
have high payoffs, is a critically important issue to be analyzed in future stud­
ies. Unless such rules exist, Boserupian theory will never be complete. 

Much less institutional innovation has occurred within communal tenure 
systems with regard to forest and woodland management (for example, in 
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Ghana, Malawi, Uganda, and Indonesia). Our studies found that forests and 
woodlands continue to be managed as virtual open-access resources, with the 
exception of a few very small areas managed as common property (for example, 
the Village Forest Areas in Malawi). The reasons for lack of institutions to pre­
serve and manage woodlands are diverse, ranging from heavy pressure for con­
version by villagers, to low valuation of woodland resources, to greed on the part 
of some traditional authorities. On a more encouraging note, many state forests 
in Nepal, which used to be largely open access, have devolved to community 
management and are now thriving under common property management (Chap­
ters 8 and 9). The reasons for these successes are detailed later in this chapter. 

Land Tenure and Deforestation 

Communal Ownership 
In our observation, uncultivated forest area under communal tenure systems is 
generally open access, at least for members of the community. In Ghana, 
Uganda, Malawi, and Sumatra we repeatedly found that although the village 
chief is a custodian of the communal forests, he easily allows villagers to clear 
the forest for cultivation. In Ghana we even found some cases in which village 
members reported the clearance of communal forest to the chief after clearance 
was completed, in order to "register" their ownership. It appears that the major 
responsibilities of the village chief are to approve the clearance of forest and 
woodland and to record the land ownership so as to avoid possible land disputes 
in the future. Few woodlands or forests were conserved by traditional authori­
ties largely because of demand for cropland from an increasing number of vil­
lagers. This demand arose partly as a result of poor markets for forest and food 
products, which meant that little income could be earned from forest products 
and those products that were harvested could not be easily traded for food. 

Although it is difficult to prove rigorously that primary forest has been op­
erating under open access over an extended period of time, there is no question 
that with population growth forest area has easily been cleared under commu­
nal ownership regimes. As shown in Table 10.1, in Uganda and Malawi the pro­
portion of agricultural land increased substantially over the past few decades at 
the expense of forest and woodland, according to the analysis of aerial photo­
graphs at the community level (Chapters 5 and 6). Now, apart from the sparsely 
populated areas, only a small area of forest and woodland remains in these 
countries. Furthermore, through household analyses in Ghana and Indonesia, 
we found that cultivable primary forests have largely disappeared in recent 
years owing to clearance on a first-come basis. Evidence also suggests that re­
maining forests are largely concentrated in areas quite remote from roads and 
urban centers. 
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TABLE 10.1 Changes in land use in Uganda, Malawi, and Vietnam 
Uganda* Malawib Vietnam' 

Land Use 1960 1995 1971 1995 1978 1987 1994 
(percentage) 

Agriculture 57 70 52 68 48 69 76 
Forest and woodland 32 20 34 19 52 31 24 
Others 11 10 14 14 — — — 
"Average of 64 parishes in east-central region. 
bAverage of 57 enumeration areas throughout the country. 
cAverage of formerly forest areas with slope greater than 24 degrees in 56 communes in 2 north­
ern provinces. 

As indicated in Table 10.2, the significant factor accounting for the de­
crease in forests and woodland in Uganda and Malawi is population pressure, 
measured by population density and population growth. Similarly, from a 
household study in Sumatra, it is found that reduction in inherited land, due pri­
marily to the increased number of family members relative to family-owned 
land, resulted in greater clearance of forestland. 

In both Malawi and Uganda, we found that population pressure is not re­
lated to tree cover density within agricultural and nonagricultural lands. This 
provides support for the argument that deforestation is related principally to the 
demand for agricultural land rather than local energy demands, in which case 
one would have expected to find a thinning of tree cover in areas with high pop-

TABLE 10.2 Major determinants of conversion of land to agriculture 
Uganda Malawi Ghana Sumatra Vietnam 

Population pressure ++ ++ 0 ++a ++b 

Land tenure institution +c +d +e 0 ++f 
Distance to road or town ++ 0 ++ n.a. + 
Age of household head n.a. n.a. ++ + n.a. 
NOTE: ++ sign indicates highly significant and positive effect, + indicates significant and positive 
effect, and 0 denotes the absence of significant effect, "n.a." refers to "not applicable." 
"Effects of reduction in inherited land area. 
bEffects of population growth and rice production per capita during the prereform period 
(1978-87). 
°Positive effect of communal ownership compared with private and state ownership. 
dPositive effect of patrilineal inheritance compared with matrilineal inheritance. 
ePositive effect of migrants, who are generally subject to patrilineal inheritance. 
fJudged from the structural difference between strict state ownership and more privatized owner­
ship systems. 
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ulation pressure. In the case of Uganda, because of relatively high tree planting 
and preservation on farms, tree cover densities are relatively similar in agri­
cultural and nonagricultural land. Therefore, the conversion effect of popula­
tion pressure had no major impact on overall tree cover. However, we wish to 
stress that the composition of tree species had changed considerably, and un­
doubtedly some of the functions provided by the forest trees have not been re­
placed by planted trees. Malawi is quite a different case, and conversion from 
woodland into agriculture entails a significant loss in aggregate tree cover be­
cause relatively few trees are found on agricultural land. 

In Uganda, where patrilineal inheritance systems prevail, the speed of ex­
pansion of agricultural land was faster under communal ownership than private 
ownership, suggesting that protection of woodlands has been less strictly en­
forced under communal ownership (see Table 10.2 and Chapter 6). An impor­
tant factor affecting deforestation is the conventional rule of communal land 
tenure honoring those who clear forestland with land ownership rights. There 
is also strong evidence from the case studies of Ghana and Sumatra (Chapters 
3 and 4) that those who have cleared village forestland are granted strong indi­
vidual rights. This accrual of strong individual land rights will explain, at least 
partly, why the conversion of woodland has been faster under communal than 
private ownership in Uganda. 

To conclude, there is no built-in mechanism within communal ownership 
systems to protect forest area and forest resources. Thus, forests and woodlands 
have been converted to agricultural land to feed the growing number of house­
hold members. Halting this trend will not be simple. In the policy implications 
discussed later in the chapter, we suggest that a multifaceted strategy of insti­
tutional change, technology promotion, and market development is required. 
Other Ownership Systems 
Strictly speaking, woodland in Malawi, called miombo woodland, may be con­
sidered common property from which community members collect firewood, 
poles, and other nontimber products and graze cattle. According to our infor­
mal interviews with village chiefs, only dead and dry branches are allowed to 
be collected for use as firewood. No one may cut live trees and branches or sell 
firewood at the market under existing management rules. If only dead and dry 
branches are collected from communal woodland, its sustainable management 
is assured, so long as grazing is regulated, thus reducing damage to young 
seedlings and wildings. In practice, however, woodlands have rapidly de­
graded, and some have disappeared as a result of tree cutting for home use, sale 
in urban centers, and the use of trees for drying tobacco in the south and cen­
tral regions of Malawi. One exception is the Village Forest Areas, which are 
formally demarcated and actively managed as common property; but to date 
they are few in number and very small in size, and management rules empha­
size strict conservation over sustainable use. 
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Forests and woodlands are owned by the state in Vietnam and Nepal. The 

proportion of bare land or denuded forestland, which is used for shifting culti­
vation, increased by 21 percentage points from 1978 to 1987 in northern Viet­
nam mainly because of food shortages (Table 10.1). In our observation, forest 
area has essentially been open access with no regulation by the state. After long-
term leases (50 years) were granted to individual farmers on a voluntary basis 
in the early 1990s, not only has the pace of deforestation declined, but farmers' 
initiatives (rather than government-sponsored projects) have led to the planting 
of timber and fruit trees and the regeneration of forests by protection. This has 
resulted in clear recovery of forest conditions in recent years (Chapter 7). 

It is also important to observe that management of forests by user groups 
or under common property regimes did not spontaneously develop in Vietnam, 
even though Vietnamese communities have a long tradition of communal irri­
gation and other collective activities. As we argue, community management of 
forests is effective when the predominant forest products are minor products, 
such as firewood, grasses, and fodder. In our mountainous sites in Vietnam, 
these minor forest products are amply available, even though massive de­
forestation has taken place. 

In Nepal, forests were nationalized in 1957, and deforestation followed. 
Whether deforestation would have been prevented significantly if forests had 
not been nationalized is a difficult question to answer. Yet it is true that de­
forestation was followed by reforestation with the recent establishment of for­
est user groups, particularly formal groups that received formal use rights of 
forests from the state (Chapters 8 and 9). However, few formal user groups 
changed their management rules when official use rights were granted. A more 
important factor was that among the long-established informal user groups, 
those that were active and effective tend to have been transformed into formal 
user groups as of now. Therefore, the significant effect of formal user group 
management is likely to reflect, at least in part, the self-selection effect rather 
than incentive-enhancing effect of establishing land use rights for forest user 
groups. 

Unique to the case of the hill region of Nepal is the absence of expansion 
of agricultural land. In fact, deforestation primarily took the form of removing 
and thinning the density of forests. As is explained later, this would be due to 
the critical importance of minor forest products such as firewood, grasses, and 
leaf fodder for the livelihood of subsistence farmers. The value of these prod­
ucts is clearly perceived by the farming population, which prevented the en­
croachment on the forestland. 

To sum up, our case studies demonstrate that forests are not well protected 
under the state ownership system. In fact, primary forests have largely disap­
peared in areas owned by the state. It must also be pointed out that common 
property regimes are not always viable for preserving forests and woodlands, 
judging from the experience of Malawi. 
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Management of Common Property Forests 
Whether the management of forests and other natural resources under common 
property regimes is an efficient institutional arrangement has been widely de­
bated in the literature. Yet empirical evidence is deplorably weak. The issue has 
very practical implications, as tree-planting projects supported by international 
organizations and aid agencies include social forestry or community forestry 
projects that follow the principles of equal participation and equal sharing of 
benefits. The same principles have been adopted by many voluntarily estab­
lished community forest management institutions in the hill forests of Nepal 
(Chapter 8) and were found in community forests in prewar Japan (McKean 
1992). In order to assess the management efficiency of common property 
forests, this study conducted an analysis of common property forests in the hill 
and inner Tarai regions of Nepal and mountainous parts of Japan, aside from 
the case of Malawi mentioned earlier. 

Formal user group management of forests in Nepal has been successful in 
reducing the amount of extraction of dead and dry branches for firewood, pre­
venting the cutting of green branches and felling of trees, and preventing cattle 
grazing (Chapter 8). On the other hand, informal user group management, 
which generally stipulates fewer rules and enforces them less strictly, has had 
no appreciable impact on forest conditions, even compared with the cases of no 
user group management or open access. This is partly due to the fact that in­
formal user groups were newly formed with the main intention of fulfilling the 
government requirement to acquire the status of formal user group with official 
use rights. 

Management rules have tended to strengthen as scarcity of forest and tree 
resources have increased over time (Chapter 8). It is certainly costly to organ­
ize collective action, set up management rules, and enforce them. Thus, forest 
user groups tend to be formed spontaneously when the scarcity of forest re­
sources reaches a threshold level warranting the initiation of user group man­
agement. Evidence from Nepal suggests that once management rules are rigor­
ously formulated, they tend to be obeyed by the user group members. 

At least two fundamental factors explain the success of common property 
forest management in the hill region of Nepal. First, subsistence farming and 
livelihood critically depend on the availability of forest and tree resources, such 
as firewood, grasses, and leaf fodder. The transportation network is poorly de­
veloped, and access to markets that provide alternative sources of energy and 
soil nutrients is very poor in most communities in the hill region. Furthermore, 
the large and continuous application of compost is essential to sustain upland 
farming in terraced fields on steep slopes. Thus, the degradation of community 
forests immediately and significantly jeopardizes the livelihood of the farming 
population. This implies that there are potentially strong incentives for farmers 
to cooperate in the protection and management of forest resources. 
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In contrast, miombo woodlands in Malawi are located in relatively flat ar­

eas, and the access to markets is much more favorable. This seems to explain 
partly why the management of miombo woodland has been much less success­
ful. In fact, the management of common property forest has not been success­
ful in flat areas of contemporary Nepal or in prewar Japan. Hilly and moun­
tainous topography also tends to favor the development of common property 
resources in that it gives rise to natural externalities (for example, movements 
of soil and water). 

Second, it is important to recognize that the types of forest resources suc­
cessfully protected by communities are minor forest products, products that are 
of relatively low value, whose value responds very little to improved manage­
ment, and whose cost of protection would be extremely high if they were owned 
individually. It will be less costly to protect those resources communally by hir­
ing a selected number of guards or adopting a rotational system of patrolling 
among community members than by hiring guards individually. In other words, 
we argue that the advantage of community management rests on the economies 
of scale in protection activities, for which supportive evidence is presented in 
the case of the hill region of Nepal (Chapter 8). 

The cost of protection of forest resources by private owners is much larger 
than under community management if minor forest products prevail, because, 
unlike timber, it is easy to cut small trees and branches and haul them from 
forests without being identified by village people. There is, therefore, no ques­
tion that it is less costly to protect timber than such minor forest products as 
firewood and grasses. It is also important to realize that timber production, to 
be successful, requires silvicultural activities such as weeding, pruning, thin­
ning, and singling. Like the case of collective farming in socialist economies, 
each farmer has little incentive to carry out these activities so long as benefits 
are shared more or less equally among community members. 

These considerations led us to examine the case of community forest man­
agement in postwar Japan, where forests have been converted from those with 
miscellaneous broad-leaf trees to timber forests. We found that timber trees 
have been more actively planted and managed on individually managed por­
tions of community forests than those managed collectively (Chapter 9). The 
emerging conclusion is that the individualized management system is more 
efficient than the community management system in the case of timber forests 
in Japan. 

This conclusion, however, does not necessarily hold in developing coun­
tries, where, unlike postwar Japan, there are competing uses of land areas such 
that overgrazing of livestock and excessive collection of firewood are major 
threats to the sustainable management of forests. In fact, one of the reasons for 
the higher cost of protecting timber plantations under private ownership in the 
inner Tarai is the cost of building fences and employing private watchers. For 
example, cattle and goats eat and trample young seedlings. In order to protect a 
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timber forest, collective management with regulated use of forest resources and 
mutual supervision will be more cost-effective. In order to carry out manage­
ment activities, however, the individualized system is more efficient. In our 
view, the best management system, therefore, is a combination of the two in 
which protection is carried out by participation of all community members and 
management activities are carried out under individualized management incen­
tives. Such cases are found in the inner Tarai region, in which management of 
trees is carried out by labor hired by a central management committee. In this 
system, the community members agree to follow regulations on grazing and 
firewood collection and receive the privilege of purchasing firewood and timber 
at prices much lower than market prices. The proceeds of forest management 
are used partly for infrastructure development for the benefits of community 
members at large and allocated partly to the members of user group committee. 
This system proved to be superior to the conventional collective management 
in the case of timber forests (Chapter 9). It is also important to point out that the 
possibility of selling harvested timber to markets is the prerequisite for the 
efficient management of timber forests, as it enhances profit incentives. 

A potential problem of such centralized management systems lies in the 
strong power of the user group committee, which can result in inequitable dis­
tribution of benefits obtained from forest resources between user group com­
mittee members and other community members. Since there is no reason to as­
sume the existence of large-scale economies in the management activities of 
timber forests, other than protection, more equitable distribution of benefits can 
be achieved without sacrificing efficiency by granting tree ownership rights 
equally to individual community members. 

We conclude that common property forest management can work when 
the predominant forest products are minor forest products for which exclusion 
of use is difficult. When products are valuable and depend on management, such 
as timber, the private tenure system is best in the absence of pressure on the re­
source from other users; otherwise the combination of collective management 
for protection and individualized or centralized management for management 
of trees is most efficient. 

Communal Land Tenure and Development of Agroforestry 
As we have argued, the single major cause for deforestation in our study sites 
is the expansion of farm areas for growing food and other crops. Those culti­
vators belong mainly to the poorest segment of society, and large forest areas 
have already been cleared and occupied by them. Such land is often marginal 
for agriculture, and some may be highly sloping. Unless decent work oppor­
tunities are made available, it is practically impossible to relocate these culti­
vators to restore forest conditions. It will be more socially desirable to pro­
mote agroforestry systems to mimic many of the forest ecological functions 
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and to provide income-earning opportunities for the rural population. Many 
of the trees farmers plant, such as commercial trees, pole trees, fruits, and 
nitrogen-fixing trees, provide positive environmental externalities such as car­
bon sequestration and increased flora biodiversity. In marginal areas tree 
farming is usually more sustainable and can be more efficient than pure food 
crop enterprises. 

It is widely believed, however, that because of weak individual land rights 
or tenure insecurity, trees are not planted and well managed under communal 
ownership in which the extended family often has influence over use rights in 
cultivated land (for example, Johnson 1972; Besley 1995). If this is indeed the 
case, it will be difficult to disseminate agroforestry in marginal areas even 
though agroforestry has a comparative advantage over food production under 
shifting cultivation. If the communal tenure institutions provide sufficient in­
centives to plant and manage trees, however, the enhanced efficiency of land 
use can reduce the incidence of poverty in marginal areas. Furthermore, the es­
tablishment of agroforesty on sloping land will help reduce soil erosion and 
contribute to the partial restoration of tree biomass and biodiversity. This is re­
ported to be the case in coffee and shade tree systems in our Uganda sites, co­
coa fields with big shade trees in Ghana (Gockowski, Nkamleu, and Wendt 
2001), and in the so-called jungle rubber forest mixed with nonrubber trees in 
Indonesia (Tomich et al. 2001). 

In matrilineal communities of Sumatra, cultivated land was traditionally 
owned by lineage members consisting typically of three generations descended 
from the same grandmother. Gradually, joint ownership by sisters became com­
mon. As is shown in Table 10.3, however, agroforestry plots are more likely to 
be bequeathed from mother to individual families of daughters and even to 
those of sons at present (Chapter 4). Private ownership acquired through land 
market transactions and forest clearance is also common. An important obser­
vation is that individual land rights are stronger under the single-family own­
ership than the collective ownership. Inheritance by sons increases their incen­
tives to carry out forest clearance and tree planting. In this way, the inheritance 
system in Sumatra has been evolving toward a more egalitarian system in terms 
of gender differentiation. The stronger land rights under the single family own­
ership also promoted land market transactions. 

In indigenous villages in Ghana, uterine matrilineal inheritance has been 
practiced whereby land is bequeathed from the deceased man to his nephew. 
Although those who clear forests are granted strong land rights, the cleared land 
eventually becomes the property of the extended family and may be temporar­
ily allocated to those family members in need of land or bequeathed in accor­
dance with the traditional rule. As is demonstrated in Table 10.4, individual 
land rights on these family-owned plots in indigenous villages are very weak. 
The individual rights of inherited land in migrant villages are much stronger; 
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TABLE 10.3 Distribution of area under different land tenure institutions and the index of 
land rights on agroforestry plots in Sumatra 

Lineage 
Ownership 

Joint 
Family 

Ownership 

Single 
Family 

Ownership 

Private Ownership 

Purchase 
Forest 

Clearance 
Distribution of area (percentage) 

High region 3 5 42 10 37 
Middle region 5 2 62 14 19 
Low region 0 3 46 12 39 

Index of land rights3 
High region 0.0 0.6 1.6-2.0" 3.1 
Middle region 0.8 0.9 1.9-2.9 3.8 
Low region 0.0 1.0 1.9-2.8 3.8 

aThe following four rights are considered: rights to rent out under share tenancy, rent out under leasehold 
tenancy, pawn, and sell. Numbers refer to the average number of rights without obtaining approval of fam­
ily and/or lineage members. 
bThe first number refers to the case of single family ownership of daughters, whereas the second number 
corresponds to the case of single family ownership of daughters and sons. 

TABLE 10.4 Distribution of area under different land tenure institutions and the index of 
land rights on cocoa plots in western Ghana 

Temporarily Acquired 
Allocated 

Family Land 
Inherited 

Family Land 
Village 

Forest Land Gift Others 
Distribution of area (percentage) 

Indigenous villages 22 13 19 33 13 
Migrant villages 9 18 22 26 26 

Index of land rights3 
Indigenous villages 0.3 l . l b 3.0 4.9 — 
Migrant villages 0.2 3.3C 3.9 5.3 — 

aThe following six rights are considered: the rights to plant trees; rent out; pawn; bequeath; give; and sell. 
Numbers refer to the average number of rights without obtaining approval of family members or village 
chief. 
bThe number pertains to the practice among matrilineal Akan people. 
T h e number pertains to the practice among patrilineal non-Akan people. 
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since patrilineal inheritance has been practiced in these villages, individualiza­
tion was facilitated by the fact that only a small number of family members (typ­
ically a father and his sons) are involved in the inheritance decision. It is im­
portant to observe that the share of allocated and inherited land is relatively low 
now. Instead, plots planted with trees are often transferred to spouse and chil­
dren as inter vivos gifts with the permission of members of the extended fam­
ily (Chapter 3). The transfer to spouse and children represents a reward to their 
work effort to plant and manage cocoa trees. Although the proportion of 
women 's land accounts for 20 percent or so in indigenous villages as of now, 
the inheritance system has been evolving spontaneously in favor of wives and 
daughters in western Ghana. 

As is summarized in Table 10.5, we did not obtain any strong evidence to 
support the validity of popular arguments that customary land tenure systems 
in Uganda, Ghana, and Sumatra hinder investment: commercial trees have been 
planted under communal ownership systems as widely and actively as under 
private ownership systems (Chapters 3, 4, and 6). We observed this in part be­
cause land rights have become highly individualized owing to investment in 
trees and continuous cultivation by farmers driven by high population pressure. 
Even where land rights are relatively weak, the effort to plant trees is rewarded 
by strengthened individual land rights. 

Given the positive and significant effect of tree planting on individual land 
rights, it is no wonder that sufficiently strong incentives to plant commercial 

TABLE 10.5 Effects of land tenure institutions, farm size, and gender composition of 
family members on the intensity of tree planting and profit of agroforestry 

Tree Planting Profit per Hectare 
Land Farm Gender Land Farm Gender 

Tenurea Size Composition Tenure Size Composition 
Uganda 0 - n.a. 0 0 n.a. 
Malawib + 0 0 n.a. n.a. n.a. 
Ghana 0C n.a. 0 0 n.a. 0 
Sumatra 0 0 +d 0 0 0 
SOURCE: Intensive household survey data. 
NOTE: + indicates significant and positive effect, 0 denotes the absence of significant effect, and -
indicates significant and negative effect, "n.a." refers to either "not applicable" or "not analyzed." 
Data refer to commercial tree planting except in Malawi. 
a+ indicates that greater tenure security leads to the greater incidence of tree planting and profit. 
bTree planting refers to timber and fruit trees, but profits of tree systems were not analyzed. 
The re are a few significant variables. 
dMale and female members have positive and negative effects, respectively. 
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trees exist under the communal ownership system. Once trees are planted, the 
land ownership system is converted to de facto private ownership within a com­
munity. Thus, as verified by our profit function results, the management 
efficiency of commercial tree fields under the communal system is generally 
comparable to other ownership systems. In other words, communal systems 
evolve toward individualized systems and do not impede the development of 
agroforestry. 

It is important to point out that the institutional rule to grant strong indi­
vidual land rights on fields planted with trees has been established in commu­
nities where agroforestry is more profitable than other cropping systems. Since 
most areas of Malawi are characterized by flat topography and adequate rain­
fall for food production, traditionally known agroforestry does not have an in­
herent comparative advantage compared with maize and tobacco production. 
Adding to this the effect of government policies that raised the profits of cere­
als over forest products, we observed that no institutional rule has emerged that 
grants strong individual land rights in return for tree planting. As a result, cur­
rent land rights affect the decision to plant trees in crop fields in Malawi, as is 
shown in Table 10.5 (see also Chapter 5). 

In sum, communal land tenure institutions in no way deter the develop­
ment of profitable agroforestry, irrespective of the levels of tenure security in 
these systems, because of the expected increase in land rights after tree plant­
ing. Furthermore, incentives for establishing and managing agroforestry sys­
tems are strong in more marginal areas and on fragile hillsides, where the 
benefits of alternative cropping systems are low (for example, with low exter­
nal inputs) or highly risky (for example, with high external inputs). 

Land Tenure and Cropland Management 
Land tenure rules affect expected future benefits accruing to those who invest 
in land improvement, including tree planting. Therefore, these rules affect long-
term but not short-term management incentives. In support of this, we found 
that land tenure institutions did not have any impact on production efficiency 
of food crop fields in Ghana (Chapter 3) and paddy fields in Sumatra (Chapter 
4), neither of which require much investment. The same point applies to the 
farming of maize in Malawi, for which we did not observe any difference in 
management efficiency between patrilineal and matrilineal inheritance systems, 
despite greater security of tenure for male household heads under the former 
(Chapter 5). 

We observed, however, some differences in management efficiency of an­
nual crop production under different land tenure institutions. First, farmers sub­
ject to patrilineal inheritance have introduced more profitable burley tobacco 
farming more quickly and more widely than those subject to matrilineal inher­
itance, after abolishment of the policy to prohibit burley tobacco production by 
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smallholders in Malawi. Because it was a new crop, investment in the acquisi­
tion of relevant new farming knowledge was required for tobacco production. 
However, the adoption of new technology does not confer strong individual 
land rights, and hence those who are subject to tenure insecurity under the 
matrilineal inheritance tend to adopt the new crop less actively. 

Second, we found that cropland owned by the extended family that was 
temporarily allocated under the communal ownership is less frequently fal­
lowed than inherited land and other land tenure categories with stronger indi­
vidual rights in Ghana (Chapter 3). Similarly, cropland in customary areas is 
less frequently fallowed than in areas with stronger individual land rights in 
Uganda (Chapter 6). Land use rights are fairly well established under commu­
nal ownership so long as land is continuously used for cultivation. Once it is 
put into fallow, however, individual rights are substantially weakened. Thus, 
the less frequent fallow under the communal ownership can be explained by the 
weaker tenure security, which forces farmers to continue to cultivate the land 
to secure use rights. 

Thus, although customary land tenure institutions are not significantly 
inefficient for the management of tree-based farm enterprises, they are likely to 
be inefficient in the management of crop fields under shifting cultivation. Ac­
cording to the accumulated empirical evidence from Sub-Saharan Africa, how­
ever, land tenure institutions do not seem to affect significantly the productiv­
ity of sedentary farming, in which organic and inorganic fertilizers have more 
effectively substituted for fallowing (Place and Hazell 1993). A plausible hy­
pothesis seems to be that like tree planting, investment in land improvement, 
such as terracing and destumping, as well as continuous cultivation strengthen 
one 's land rights when such investments are highly profitable. 

Property Rights Institutions and Equity 
Several different aspects of equity are important to consider. The first is the con­
tribution of property rights institutions to equity in land asset distribution across 
households within a village. We found that generally communal tenure systems 
distributed land fairly equitably across households. In land-abundant situations, 
this was accomplished primarily through land clearing and inheritance acqui­
sition methods. As forestland and woodland become scarce, however, inequity 
in the distribution of land may emerge. Inequitable distribution can be exacer­
bated by the "market" transaction of land, which is made possible by the indi­
vidualization of land rights. Thus, the wealthy members of the community tend 
to accumulate land by the purchase of cultivable land and the acquisition of 
forestland, as in the case of Sumatra. Interestingly, however, the development 
of land rental markets through the privatization of communal systems has led 
to significantly greater equity, counteracting the trend of inequitable land dis­
tribution under communal ownership. Renting of land is done mainly by house-
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holds with poor access to inherited land and by migrants in both Ghana and 
Sumatra. 

We encountered a large private tenure system in Malawi (Chapter 5) and 
the mailo tenure system in Uganda (Chapter 6), which because of inappropri­
ate and conflicting state intervention are characterized by large maldistribution 
of land. Because of the absence of scale economies in most production systems, 
the maldistribution of land generally leads to inefficiencies in production and 
inequality in welfare. 

Under effective common property management systems in Nepal and 
Japan, households typically enjoy equal opportunity to contribute to and benefit 
from the management of resources. There are normally effective rules over re­
source uses that prevent the wealthier households from benefiting dispropor­
tionately. In contrast, forest and woodland resources have been open access un­
der communal and state tenure systems. Such systems could also improve 
equity if the opportunity costs of the wealthy are high enough to discourage 
them from extracting resources. On the other hand, there are no effective rules 
to prevent wealthy individuals from excessive harvesting of valuable products, 
such as timber and pole trees (for example, the extraction of trees for drying to­
bacco in Malawi). 

A second type of equity to consider, which is on a more regional scale, is 
equity between access to land by different communities. In this context, com­
munal tenure systems have performed quite well, at least in our study sites; mi­
grants from land-scarce communities have been accommodated in the rela­
tively land-abundant areas. In the case of Ghana, this is often through purchase 
of land and formal sharecropping contracts, which may later be converted into 
ownership. In Malawi, it is mainly through allocation of land by a chief. In 
Uganda, the major acquisition mechanism for migrants has been through out­
right purchase from a local family. 

Finally, and most important, agroforestry systems, promoted in the private 
and communal tenure institutions, have a positive indirect effect on equity. This 
is because agroforestry is more favorable and profitable in marginal areas where 
there are relatively high levels of poverty, so that systems that encourage their 
development also make a contribution to reducing the welfare gap between the 
relatively wealthy and poor rural population. 

Policy Implications 
In this section we highlight the key policy implications from our studies for im­
proving the efficiency of natural resource management while at the same time 
recognizing the importance of equity. This section is divided into three parts, 
the first focusing on property rights arrangements for both agricultural and 
nonagricultural land, the second on the development and dissemination of agri­
cultural and agroforestry technologies, and the last on market development and 
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other issues. We feel that all three areas must be addressed to improve natural 
resource management efficiency. 
Property Rights Institutions and Arrangements 

A G R I C U L T U R A L L A N D . Property rights institutions are largely favor­
able or moving in the right direction to provide proper incentives for efficient 
natural resource management. It is particularly encouraging that tree planting 
is facilitated in the different customary systems because with the reduction in 
forest and woodland, there is an increased need for tree products to be pro­
duced on agricultural land. There are a few noteworthy exceptions and areas 
for improvement, however. First, some traditional tenure arrangements, for 
example, customary tenure in Uganda and matrilineal land tenure in Malawi, 
appear to provide suboptimal incentives for some types of agricultural invest­
ment, though not for short-term inputs. However, these systems have been 
found to be evolving toward greater individualization, and we believe that in­
direct policies, such as the promotion of profitable agricultural opportunities 
and encouragement of more efficient markets, will be effective in hastening 
this evolution. 

Second, we continue to observe that, despite some positive developments, 
women have inferior rights to resources while at the same time are expected to 
be the primary users and managers of the resources. Unfortunately, this study 
was neither designed nor able to address this issue clearly. Although it seems 
reasonable that improved management will take place when there is a closer 
match between those who control and those who use resources (for example, 
women may plant more trees for fuelwood than men), direct intervention in 
gender-based property rights policy has proved to be extremely difficult. 

One final observation concerns the emergence of more formal private 
tenure systems. We found that in Uganda and Malawi, households are legally 
entitled to convert their tenure from customary systems to private through the 
acquisition of a leasehold with the state. To date, very few households in cus­
tomary lands have opted for this, and those that have are generally the more 
elite. There is no doubt that the demand for leasehold is rather low. Nonethe­
less, one should expect that the twin forces of commercialization and individ­
ualization of land rights will lead to a more widespread demand for titling over 
time by smallholder farmers. Although many titling programs have failed 
largely owing to prematurity of implementation, they have been found to be 
popular and sustainable in areas of high market and property rights develop­
ment such as central Kenya (Migot-Adholla, Place, and Oluoch-Kosura, 1993). 
We believe that land titling programs will become feasible once communal land 
tenure institutions have become sufficiently individualized. If land is collec­
tively owned, land titling programs aiming at the establishment of private rights 
will create conflicts among family members, thereby leading to tenure insecu­
rity rather than security. 
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F O R E S T S A N D TREE P L A N T A T I O N S . In contrast to the case of agri­
cultural land, there are ample opportunities for changes in property rights in­
stitutions to improve the efficiency of forest and woodland management. The 
most ineffective and often inappropriate land ownership system is state own­
ership. This is evidenced by enhanced forest management effort in Vietnam 
when the use rights of state forests have been transferred to individual farmers. 
Except for the protection of biodiversity or other uniquely national objectives, 
the ownership of forests by the state is highly questionable. Communal tenure 
systems in all the study sites have also largely been unable to prevent massive 
conversion and degradation of forest and woodland resources. Common prop­
erty arrangements have been relatively more successful, and many examples 
are found in Nepal and Japan. To date, governments have invested relatively 
heavily in agricultural technology development to raise the profitability of agri­
culture while leaving much of the institutional development to nongovernmen­
tal organizations. Certainly, much more effort is needed in developing or 
strengthening local institutions to manage forest resources better. 

It must be clearly recognized that a common property forest regime is ef­
fective when predominant forest resources are minor forest products, whereas 
high-value tree production is less amenable to community management. Thus, 
the incentive system under social forestry projects needs to be redesigned. In 
particular, the system of equal benefit sharing should be replaced by systems 
that provide appropriate incentives to individual farmers to manage timber trees 
and other valuable products, for example, granting complete tree ownership 
rights to individual community members. The element of community manage­
ment, however, should be maintained for protection of trees. It is also impor­
tant to provide profit incentives to grow and manage timber trees by promoting 
marketing of harvested trees. 
Development and Dissemination of Agricultural 
and Agroforestry Technologies 
A major policy implication is that given the existence of strong incentives to 
manage agroforestry plots on sloping lands under the communal ownership, it 
makes sense to develop and disseminate profitable agroforestry systems, 
through such means as the development of improved germplasm of commer­
cial trees, improving techniques for propagating useful tree germplasm, im­
proving the flow of information on these new technologies, and, finally, pro­
viding proper incentives for germplasm delivery systems to develop. To date, 
however, research and development on agroforestry technologies, particularly 
on commercial trees, have been grossly inadequate relative to more traditional 
annual crops. 

In addition, there are wide areas of barren land, which used to be planted 
to coffee, cocoa, and other tree crops, for which research on sustainable tree 
management needs to be carried out. The establishment of profitable agro-
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forestry systems will contribute significantly to the reduction of poverty by en­
hancing the efficiency of farming in poverty-stricken marginal areas. It will also 
contribute to the prevention of soil erosion and the creation of tree biomass. 
Moreover, profitable agroforestry can help to strengthen individual land rights 
where they are weak. Thus, the development of agroforestry is expected to be 
conducive to both efficiency and equity from both the private and social view­
points. 

To prevent excessive degradation of natural resources, however, it is also 
necessary to reduce the flow of migrants to marginal areas containing the re­
maining forests and woodlands. Focusing only on technologies for the marginal 
areas may attract more migrants. Thus, technology development and transfer 
need to be strengthened in the more favorable, but highly populated, source 
areas of migration. Specialized food production may well have a comparative 
advantage in these areas, and this could be facilitated by improved varieties 
coupled with access to credit and fertilizer inputs, as was realized in Asia dur­
ing the Green Revolution (David and Otsuka 1994; Otsuka 2000). 

The small areas of uncultivated but arable land that remain will continue 
to face strong pressure from rural populations seeking agricultural land. Where 
agriculture is the dominant land use, it will be called on to produce many of the 
basic forest and woodland products and services formerly obtained from out­
side the farm. The remaining forests and woodlands should therefore be used 
strategically for products and services that are demanded by villagers or soci­
ety but that cannot be efficiently produced on agricultural land or be substituted 
for with purchases from the market. For example, it is wasteful for communi­
ties or governments to set aside land for the growing of building poles, which 
are more efficiently grown by farmers. Instead, forestry efforts may be con­
centrated on the production of public goods such as biodiversity. 
Market Development and Other Policy Issues 
Market development is critical to generate the degree of intensification required 
to enable rural people to uplift themselves from poverty without mining their 
surrounding resources. Increased expenditure for rural road construction is a 
key component of such development. This point is well understood by policy­
makers. It must be also clearly understood that although the development of 
roads may accelerate deforestation by enhancing the profitability of timber har­
vesting, it will also accelerate the development of agroforestry and timber plan­
tations where primary forests have already been cleared. Further, product mar­
ket development is found to foster factor market development and will increase 
the demand for individualization of land rights. Thus, we argue that this is a vi­
tal strategy in improving natural resource management. 

Our findings also strongly show that reducing population growth rates 
would help to mitigate against deforestation. Most countries are working to re­
duce population growth rates through improved family planning. However, the 
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effects of these will only be long term; one can still expect a large number of 
new families to demand land in the next few decades. As indicated earlier, in 
the short term, governments should work more closely to strengthen local in­
stitutions so that they can more effectively respond to increased population, es­
pecially where in-migration is significant. In the longer run, the effect of pop­
ulation growth on forest and woodland resources can be greatly alleviated by 
increasing employment opportunities in the nonagricultural sector. 

According to the results from our study sites, there is much less reason to 
focus on other policy areas. For example, little deforestation was found to be 
linked to timber trade and logging, except in state-owned areas. Thus, changes 
in export regulations and exchange rates would not have made much difference 
(such policy changes may have affected tree cover on agricultural land, how­
ever). Similarly, we have not found that local rural demand for fuelwood and 
other wood products has played a key role in depleting the remaining wood­
lands, except in such land-scarce economies as Nepal. Therefore, energy pol­
icy reform is equally not likely to have a sizable impact on resource degrada­
tion in most of our study sites. However, in areas where urban demand for 
fuelwood and charcoal is unusually high, there may be scope for energy policy 
change, even though our study did not attempt to quantify the rural-urban links. 
Summary of Policy Implications 
The problems of deforestation and land management are intertwined with the 
problems of poverty and food security in rural areas. There is no single-faceted 
or uniform approach to policy that can successfully address this complex prob­
lem. Thus, solutions will similarly need to be multifaceted, involving efforts to 
raise the profitability of agriculturally based rural livelihoods through technol­
ogy development and market improvement and to strengthen natural resource 
management institutions. This approach strives to optimize private efficiency 
and hence growth out of poverty, while at the same time providing a better en­
vironment for socially more desirable solutions. 
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