
Malthus to Solow

By GARY D. HANSEN AND EDWARD C. PRESCOTT*

Prior to 1800, living standards in world econ-
omies were roughly constant over the very long
run: per capita wage income, output, and con-
sumption did not grow. Modern industrial econ-
omies, on the other hand, enjoy unprecedented
and seemingly endless growth in living stan-
dards. In this paper, we provide a model in
which the transition from constant to growing
living standards is inevitable given positive
rates of total factor productivity growth and
involves no change in the structure of the econ-
omy (parameters describing preferences, tech-
nology, and policy).1 In particular, the transition
from stagnant to growing living standards oc-
curs when profit-maximizing firms, in response
to technological progress, begin employing a
less land-intensive production process that, al-
though available throughout history, was not
previously profitable to operate. In addition, this
transition appears to be consistent with features
of development during and following the indus-
trial revolution.

The pioneering macroeconomics textbook,
Merton H. Miller and Charles W. Upton (1974),
models the preindustrial period as using a land-
intensive technology, where land is a fixed fac-
tor and there are decreasing returns to labor.
The modern era, on the other hand, is modeled
as employing a constant-returns-to-scale tech-
nology with labor and capital as inputs. A both-
ersome feature of this classical approach is that
different technologies are used for each period.
In this paper, we unify these theories by having
both production functions available at all time
periods in a standard general-equilibrium
growth model (the model of Peter A. Diamond
[1965]). Both processes produce the same good,
and total factor productivity grows exog-
enously. We denote the land-intensive technol-
ogy the Malthus technology, and the other, the
Solow technology.
We show that along the equilibrium growth

path, only the Malthus technology is used in the
early stages of development when the stock of
usable knowledge is small. Operating the Solow
production process given the prevailing factor
prices would necessarily earn negative profits.
The absence of sustained growth in living stan-
dards in this Malthusian era follows from our
assumption that the population growth rate is
increasing in per capita consumption when liv-
ing standards are low.2 Eventually, as usable
knowledge grows, it becomes profitable to be-
gin assigning some labor and capital to the
Solow technology. At this point, since there is
no fixed factor in the Solow production func-
tion, population growth has less influence on the
growth rate of per capita income and living
standards begin to improve. In the limit, the
economy behaves like a standard Solow growth
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1 This paper contributes to a recent literature on model-
ing the transition from Malthusian stagnation to modern
growth in a single unified model. Notable examples include
Jasmina Arifovic et al. (1997), Charles I. Jones (1999), and
Oded Galor and David N. Weil (2000). Our approach differs
from the existing literature by focusing on the changing role
of land in production and, in particular, the decline in land’s
share following the industrial revolution.

2 In our model, this leads to a constant rate of population
growth prior to the adoption of the Solow technology. This
result is consistent with population data from Michael Kre-
mer (1993), where the growth rate of population fluctuates
around a small constant throughout most of the Malthusian
period (from 4000 B.C. to A.D. 1650).
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model, which displays many of the secular fea-
tures of modern industrial economies.3
We interpret the decline of land’s share pre-

dicted by our theory as occurring when goods
produced in the industrial sector (capital) are
substituted for land in production. History indi-
cates that this was particularly important in the
production of usable energy, a crucial interme-
diate input in producing final output. For exam-
ple, railroads and farm machinery were
substituted for horses, which required land for
grazing. Machinery can run on fossil fuels,
which requires less land to produce than grain.
Another example is that better ships, produced
in the industrial sector, allowed whale oil to be
substituted for tallow (hard animal fat) as fuel
for lighting. Tallow, like animal power, is rela-
tively land-intensive to produce.
The existing theoretical literature on the tran-

sition from stagnation to growth has focused
mostly on the role played by endogenous tech-
nological progress and/or human-capital accu-
mulation rather than the role of land in
production.4 For example, human-capital accu-
mulation and fertility choices play a central role
in Lucas (1998), which builds on work by
Becker et al. (1990). Depending on the value
of a parameter governing the private return to
human-capital accumulation, Lucas’s model
can exhibit either Malthusian or modern fea-
tures. Hence, a transition from an economy with
stable to growing living standards requires an
exogenous change in the return to human-
capital accumulation.
As we do in this paper, Jones (1999) and

Galor and Weil (2000) study models where the
transition from Malthusian stagnation to mod-

ern growth is a feature of the equilibrium
growth path, although their approaches differ
from ours by incorporating endogenous techno-
logical progress and fertility choice.5 Living
standards are initially constant in these models
due to the presence of a fixed factor in produc-
tion and because population growth is increas-
ing in living standards at this stage of
development. In Galor and Weil (2000), grow-
ing population, through its assumed effect on
the growth rate of skill-biased technological
progress, causes the rate of return to human-
capital accumulation to increase. This ulti-
mately leads to sustained growth in per capita
income. In Jones (1999), increasing returns to
accumulative factors (usable knowledge and la-
bor) cause growth rates of population and tech-
nological progress to accelerate over time, and
eventually, this permits an escape from Malthu-
sian stagnation.6
The rest of this paper is organized as follows.

In the next section, we discuss some empirical
facts concerning preindustrial and postindustrial
economies. In Section II, the model economy is
described, and an equilibrium is defined and
characterized. The development path implied by
our model is studied in Section III. We provide
sufficient conditions guaranteeing that the So-

3 John Laitner (2000) uses a similar model to explain
why savings rates tend to increase as an economy develops.
The two production processes, however, produce different
goods in his model. As a result, the transition away from the
land-intensive technology requires that living standards
grow prior to the transition. Hence, Laitner’s model does
not display Malthusian stagnation in the early stages of
development. Nancy L. Stokey (2001) uses a multisector
model like Laitner’s to model the British industrial revolu-
tion.

4 Examples include Gary S. Becker et al. (1990), Kremer
(1993), Marvin Goodfriend and John McDermott (1995),
Robert E. Lucas, Jr. (1998), Tamura (1998), Jones (1999),
and Galor and Weil (2000).

5 Another way of modeling the transition from stagna-
tion to growth is explored by Arifovic et al. (1997). In their
approach, if agents engage in adaptive learning, the econ-
omy can eventually escape from a stagnant (low income)
steady state and transition to a steady state with sustained
growth.

6 Relative to the theory presented in these two papers, the
particular mechanism generating technological progress is
less important in our approach. What is important is that
total factor productivity ultimately grows to the critical level
that makes the Solow technology profitable. Since we study
the consequences rather than the sources of technological
progress, we treat technological advance as exogenous. Of
course, this assumption implies that our theory is silent as to
why usable knowledge grows at all, let alone why techno-
logical progress reached the critical threshold in England in
the century surrounding 1800. Similarly, because we ab-
stract from fertility choice, we follow Kremer (1993) and
simply assume a hump-shaped relationship between popu-
lation growth and living standards. Hence, our model dis-
plays a demographic transition by construction. Although
the assumption that population growth increases with living
standards is key to our model exhibiting Malthusian stag-
nation, the transition to modern growth would occur in our
model even if there were no demographic transition.
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low technology will eventually be adopted, but
we must use numerical simulations to study the
transition to modern growth. Some concluding
comments are provided in Section IV.

I. The English Economy From 1250
to the Present

A. The Period 1275–1800

The behavior of the English economy from
the second half of the 13th century until nearly
1800 is described well by the Malthusian
model. Real wages and, more generally, the
standard of living display little or no trend. This
is illustrated in Figure 1, which shows the real
farm wage and population for the period 1275–
1800.7 During this period, there was a large

exogenous shock, the Black Death, which re-
duced the population significantly below trend
for an extended period of time. This dip in
population, which bottomed out sometime dur-
ing the century surrounding 1500, was accom-
panied by an increase in the real wage. Once
population began to recover, the real wage fell.
This observation is in conformity with the
Malthusian theory, which predicts that a drop in
the population due to factors such as plague will
result in a high labor marginal product, and
therefore real wage, until the population
recovers.
Another prediction of Malthusian theory is

that land rents rise and fall with population.
Figure 2 plots real land rents and population for
England over the same 1275–1800 period as in
Figure 1.8 Consistent with the theory, when
population was falling in the first half of the
sample, land rents fell. When population in-
creased, land rents also increased until near the
end of the sample when the industrial revolution
had already begun.

7 The English population series is from Gregory Clark
(1998a) for 1265–1535 (data from parish records in 1405–
1535 are unavailable, so we use Clark’s estimate that pop-
ulation remained roughly constant during this period) and
from E. A. Wrigley et al. (1997) for 1545–1800. The nom-
inal farm wage series is from Clark (1998b), and the price
index used to construct the real wage series is from Henry
Phelps-Brown and Sheila V. Hopkins (1956). We have
chosen units for the population and real wage data so that
two series can be shown on the same plot.

8 The English population series and the price index used
to construct the real land rent series are the same as in
Figure 1. The nominal land rent series is from Clark
(1998a).

FIGURE 1. POPULATION AND REAL FARM WAGE
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B. The Period 1800–1989

Subsequent to 1800, the English economy no
longer behaves according to the Malthusian the-
ory. Both labor productivity, which moves
closely with the real wage, and population grew
at higher rates than in the previous era. Popu-
lation increases did not lead to falling living
standards as the Malthusian theory predicts.
This is documented in Table 1, which reports
U.K. labor productivity and population for se-
lected years. The striking observation is that
labor productivity increased by a factor of 22
between 1780 and 1989.9 In addition, after 1870
there is no discernable relationship between
population growth and labor productivity
growth, which is consistent with the predictions
of the Solow growth model.
A transition from Malthus to Solow implies

that land has become less important as a factor
of production. Indeed, the value of farmland
relative to the value of gross national product
(GNP) has declined dramatically in the past two
centuries. Table 2 reports this ratio for the

9 Most likely the increase in the real wage was larger
than this number due to difficulties in incorporating im-
provements in quality and the introduction of new products
in the cost of living index. For example, using lumens as a
measure of lighting, William D. Nordhaus (1997) finds that
the price of lighting fell 1,000 times more than conventional
lighting price indexes find. Lighting in the 19th century was
almost 10 percent of total household consumption expendi-
tures. Nordhaus (1997) also finds that the price of lighting
was essentially constant between 1265 and 1800.

FIGURE 2. POPULATION AND REAL LAND RENT

TABLE 1—U.K. PRODUCTIVITY LEVELS

Year

GDP/houra Populationb

1985 $US Growth ratec Millions Growth ratec

1700 0.82 8.4
1760 11.1 0.47
1780 1.02 0.27
1820 1.21 0.43 21.2 1.08
1870 2.15 1.16 31.4 0.79
1890 2.86 1.44 37.5 0.89
1913 3.63 1.04 45.6 0.85
1929 4.58 1.46 45.7 0.01
1938 4.97 0.91 47.5 0.43
1960 8.15 2.27 52.4 0.45
1989 18.55 2.88 57.2 0.30

Notes:We added 5 percent to numbers for the years 1700,
1780, and 1820 to adjust for the fact that all of Ireland is
included in these earlier data. The motivation for using 5
percent is that for the years 1870, 1890, and 1913,
Maddison (1991) reports data with and without Southern
Ireland. U.K. labor productivity without Southern Ireland
was 1.05 times the U.K. labor productivity with Southern
Ireland.

a Source: Angus Maddison (1991 pp. 274–76).
b Source: Maddison (1991 pp. 227, 230–39).
c Percentage annual growth rate.
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United States since 1870, the first year the
needed census data are available. The value of
farmland relative to annual GNP has fallen from
88 percent in 1870 to less than 5 percent in
1990.10

II. The Model Economy

A. Technology

We study a one-good, two-sector version of
Diamond’s (1965) overlapping-generations
model.11 In the first production sector, which
we call the Malthus sector, capital, labor, and
land are combined to produce output. In the
second sector, which we call the Solow sector,
just capital and labor are used to produce the
same good. The production functions for the
two sectors are as follows:

(1) YMt ! AMtKMt
" NMt

# LMt1! " ! #

(2) YSt ! AStK St
$ N St

1! $.

Here, the subscript M denotes the Malthus sec-
tor and S denotes the Solow sector. The vari-
ables Aj , Yj , Kj , Nj , and Lj ( j " M, S) refer to
total factor productivity, output produced, cap-
ital, labor, and land employed in sector j. In
addition, {Ajt}t"t0

# , j " M, S, are given se-
quences of positive numbers.12
Land in this economy is in fixed supply: it

cannot be produced and does not depreciate. We
normalize the total quantity of land to be 1. In
addition, land has no alternative use aside from
production in the Malthus sector, so LMt " 1 in
equilibrium.
Implicit behind these aggregate production

functions are technologies for individual pro-
duction units where, given factor prices, the
optimal unit size is small relative to the size of
the economy and both entry and exit are per-
mitted. Total factor productivity is assumed to
be exogenous to these individual profit centers.
The Malthus production unit is one that is rel-
atively land-intensive, like an old-fashioned
family farm, because it is dependent on land-
intensive sources of energy, such as animal
power. The Solow production unit, on the other
hand, is capital-intensive rather than land-
intensive and could correspond to a factory.
Consistent with this interpretation, we assume
that $ $ ". Land, at least when interpreted as a
fixed factor, does not enter the Solow technol-
ogy at all.13

10 The decline since 1929 would certainly have been
greater if large agriculture subsidies had not been instituted.
The appropriate number from the point of view of our
theory, where value is the present value of marginal prod-
ucts, is probably less than 5 percent in 1990.

11 Although we found it convenient to study an
overlapping-generations model in this paper, our results
should carry over to an infinite-horizon context like that
used in much of the growth literature.

12 Although there are two production processes avail-
able, there is only one aggregate production technology
because this is a one-good economy. The aggregate produc-
tion function is the maximal amount of output that can be
produced from a given quantity of inputs. That is,

F%K, N, L&

! max
0%KS%K
0%NS%N

'AM%K & KS&"%N & NS&
#L1! " ! # ' ASK S

$N S
1! $(.

This function is not a member of the constant elasticity
of substitution class that is usually assumed in applied
growth theory. We were led to relax the constant elasticity
assumption because Malthusian stagnation requires that the
elasticity of substitution between land and labor be less than
or equal to 1, while the falling land share observed after the
industrial revolution requires this elasticity to be greater
than 1.

13 We have made this assumption to keep the model as
simple as possible. Our results require that land’s share in

TABLE 2—U.S. FARMLAND VALUE RELATIVE TO GNP

Year Percentage

1870 88
1900 78
1929 37
1950 20
1990 9

Notes: The 1870 value of land is obtained by taking 88
percent of the value of land plus farm buildings, not includ-
ing residences. In 1900, the value of agriculture land was 88
percent of the value of farmland plus structures.
Sources: U.S. Bureau of the Census (1975). Farmland val-
ues for 1990 are provided by Ken Erickson (online:
)erickson@mailbox.econ.ag.gov*).
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Output from either sector can be used for
consumption or investment in capital. Capital is
assumed to depreciate fully at the end of each
period.14 Hence, the resource constraint for the
economy is given by

(3) Ct ' Kt+ 1 ! YMt ' YSt .

Since the production functions exhibit con-
stant returns to scale, we assume, for analytical
convenience, that there is just one competitive
firm operating in each sector. Given a value for
Aj , a wage rate (w), a rental rate for capital
(rK), and a rental rate for land (rL), the firm in
sector j solves the following problem:

(4) max'Yj & wNj & rKKj & rLLj(

j ! M, S

subject to the production functions (1) and (2).

B. Preferences and Demographic Structure

Households live for two periods and have
preferences that depend on consumption in each
period of life. In particular, a young household
born in period t has preferences summarized by
the following utility function:

(5) U%c1t , c2,t+ 1 & ! log c1t ' ( log c2,t+ 1 .

Here, c1t is consumption of a young household
in period t and c2t is consumption of an old
household born in period t ! 1.
The number of households born in period t is

denoted by Nt, where

(6) Nt+ 1 ! g%c1t &Nt

and the functional form of g! is given. Following
Thomas R. Malthus (1798), and the more recent
work of Kremer (1993), we assume that the pop-
ulation growth rate depends on the living standard,

which we measure using consumption of a young
household. In addition, we assume that this func-
tion is defined on the interval [cMIN, #) and is
continuous, differentiable, and single-peaked, and
that g,(cMIN) $ 0. The precise form of this func-
tion will be given in Section III.15
The initial old (period t0) in this economy are

endowed with Kt0/Nt0!1 units of capital and
L " 1/Nt0!1 units of land. Old agents rent the
land and capital to firms and, at the end of the
period, sell their land to the young. Each young
household is endowed with one unit of labor. Labor
income is used to finance consumption and the
purchase of capital and land, the return from
which will finance consumption when households
are old. That is, the young households maximize
(5) subject to the following budget constraints:

(7) c1t ' kt+ 1 ' qt lt+ 1 ! wt

c2,t+ 1 ! rK,t+ 1kt+ 1 ' %rL,t+ 1 ' qt+ 1 &lt+ 1 .

The notation employed here is to use lowercase
k and l to denote the capital and land owned by
a particular household and uppercase K and L
(L " 1) to denote the total stock of capital and
land available in the economy. The letter q
denotes the price of land.

C. Competitive Equilibrium

Given Nt0, kt0, and lt0 (where Nt0!1lt0 " 1),
a competitive equilibrium in this economy con-
sists of sequences for t ) t0 of prices, {qt, wt,
rKt, rLt}; firm allocations, {KMt, KSt, NMt, NSt,
YMt, YSt}; and household allocations, {c1t,
c2,t+1, kt+1, lt+1}, such that the following are true:

the Solow technology be sufficiently small, but do not
require that land’s share be zero.

14 Later, we will interpret a period in our model to be 35
years. Hence, the assumption of 100-percent depreciation is
not implausible.

15 A simple way to motivate a law of motion of this form
is to allow young households to choose how many children
they have. Let nt+1 be the number of children chosen by a
young household in period t, and suppose that the utility
function of a household is given by U(c1t, nt+1) +
(V(c2,t+1), where U is increasing and concave in both
arguments. In addition, suppose that nt+1 does not affect
the budget constraint of the household. In this case, the
optimality condition determining nt+1 is U2(c1t, nt+1) "
0. This equation can be solved to obtain nt+1 " g(c1t),
which implies that Nt+1 - Ntnt+1 " g(c1t)Nt. We have
found it convenient to model g as an exogenous function,
since we plan to calibrate the population dynamics to match
historical data.
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1. Given the sequence of prices, the firm allo-
cation solves the problems specified in equa-
tion (4).

2. Given the sequence of prices, the household
allocation maximizes (5) subject to (7).

3. Markets clear:
KMt ' KSt ! Nt! 1kt
NMt ' NSt ! Nt

Nt! 1 lt ! 1
YMt ' YSt ! Nt c1t ' Nt! 1c2t ' Nt kt+ 1 .

4. Nt+1 " g(c1t)Nt.

In characterizing an equilibrium, we make
use of the following results:

PROPOSITION 1: For any wage rate w and
capital rental rate rK, it is profitable to op-
erate the Malthus sector. That is, YMt $ 0 for
all t.

PROOF:
Given w and rK, when problem (4) is solved for

the Malthus sector, maximum profits are equal to

.M%w, rK& ! AMt
1/%1! " ! #&%1 & " & #&

* " "

rK#
"/%1! " ! #&"#

w##/%1! " ! #&

which is clearly positive for all t.
A similar argument applied to the Solow sec-

tor gives the following result:

PROPOSITION 2: Given a wage rate w and
capital rental rate rK, maximized profit per unit
of output in the Solow sector is positive if and
only if

(8) ASt + "rK$ # $" w
1 & $# 1! $

.

If, in some period t, only the Malthus pro-
duction process is employed, the equilibrium
wage and rental rate of capital are

(9) wt ! #AMtKt
"Nt

# ! 1

rKt ! "AMtKt
" ! 1Nt

#.

COROLLARY: Both the Malthus and Solow
sectors will be operated in period t if and only
if equation (8) is satisfied at the factor prices
obtained by evaluating equation (9) at the
period-t values of AM, AS, K, and N.

If both sectors are operated, (9) is not the equi-
librium factor prices. Instead, resources are allo-
cated efficiently across the two sectors as
guaranteed by the First Welfare Theorem. Hence,
total output is uniquely determined by the follow-
ing well-behaved maximization problem:16

(10) Y%AM, AS, K, N&

" max
0%KS%K
0%NS%N

'AM%K & KS&
"%N & NS&

#

' ASK S
$N S

1! $}.

The equilibrium wage and rental rates are

(11) wt ! #AMtKMt
" NMt

# ! 1

! %1 & $&AStK St
$ N St

! $

rKt ! "AMtKMt
" ! 1NMt

# ! $AStK St
$ ! 1N St

1! $

rLt ! %1 & " & #&AMtKMt
" NMt

# .

The first-order condition for the household’s
optimization problem can be arranged to yield
the following expressions:

(12) c1t !
wt

1 ' (

(13) qt+ 1 ! qt rK,t+ 1 & rL,t+ 1 .

In addition, the budget constraints and market-
clearing conditions imply that

(14) Kt+ 1 ! Nt %wt & c1t & & qt .

16 Of course, factor allocations solve this maximization
problem whether or not both sectors are operated.
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Given sequences {AMt, ASt}t"t0
tn , initial con-

ditions Kt0 and Nt0, and an initial price of land,
qt0, equations (6) and (11)–(14) determine an
equilibrium sequence of prices and quantities,

'wt , rKt , rLt , qt+ 1 , c1t , Nt+ 1 , Kt+ 1(t" t0
tn .

The value of qt0 is also determined by the equi-
librium conditions of the model, but cannot be
solved for analytically. A numerical shooting
algorithm can be used to compute this initial price.

III. The Equilibrium Development Path

We choose initial conditions (Kt0 and Nt0)
and the sequences {AMt, ASt} t"t0

tn so that the
economy is initially using only the Malthus
technology [equation (8) is not satisfied] and
then study how the economy develops over
time. We state sufficient conditions guaran-
teeing that the Solow technology will eventu-
ally be adopted, but without further restrictions on
the parameters of the model, there may or may
not be a transition to the Solow economy with
land being of minor importance in production.
We use data from the Malthusian era and from
the last half of the 20th century to restrict the
values of the parameters and to compute the
equilibrium path of the resulting economy.
The initial value Nt0 is set equal to 1, and the

initial capital stock, Kt0, is set so that it lies on
the asymptotic growth path of a version of the
model economy with only the Malthus technol-
ogy. To characterize this growth path, we make
two additional assumptions about total factor
productivity and population growth. First, we
assume that AMt grows at a constant rate: AMt "
,M
t , where ,M ) 1. Second, we assume that
g,(c1M)$ 0, where c1M is defined by g(c1M)"
,M
1/(1!"!#). This assumption guarantees that the
Malthus-only asymptotic growth path has the
Malthusian feature that per capita income is
constant.17
Given our choice of initial conditions, as long

as the Solow technology has not yet been
adopted, the population growth factor is equal

to ,M
1/(1!#!") and the consumption of young

individuals is constant, c1t " c1M. Aggregate
output, capital, total consumption, the price of
land, and the rental rate of land grow at the
same rate as population. The wage and capital
rental rates are constant. This implies that the
expression on the right-hand side of equation
(8) is also a constant, which we denote by Â. In
this case, productivity growth translates directly
into population growth, and there is no im-
provement in household living standards. This
mimics the long-run growth path (abstracting
from plagues and other disturbances) that actual
economies experienced for centuries prior to the
industrial revolution.
If {ASt}t"t0

# grows at some positive rate,
eventually ASt will exceed Â. Proposition 2
guarantees that at this point capital and labor
will be allocated to the Solow technology. How-
ever, whether or not the economy will transition
to a Solow economy with land being an unim-
portant factor of production and, if so, how long
the transition will take are quantitative ques-
tions depending upon the parameters of the
model.

A. The Quantitative Exercise

We have designed our quantitative exercise
so that the economy is initially in a Malthusian
steady state, and then we simulate the equilib-
rium path until essentially all the available cap-
ital and labor are employed in the Solow
sector.18 We interpret one model period to be 35
years. To keep this exercise simple, we assume
that for all t, ASt " ,S

t , where ,S $ 1.19 The

17 If ,M
1/(1!#!") is larger than the maximum value of g(c1),

there will be sustained growth in per capita consumption in
periods when only the Malthus technology is employed.

18 Proposition 1 implies that some fraction of total re-
sources will always be employed in the Malthus sector,
although this fraction can (and does in our simulations)
converge to zero in the limit.

19 This implies that total factor productivity in the Solow
sector is growing at the same rate prior to the adoption of
this technology as it is after. We do not take this assumption
literally, and it is not required for our results. Although
technological advancement clearly did not begin with the
industrial revolution, once the Solow technology began to
be used, the advantages of “learning by doing” and more
immediate economic payoff almost certainly increased the
rate of technological growth.
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model is calibrated so that (1) the initial Malthu-
sian era is consistent with the growth facts de-
scribing the English economy prior to 1800, (2)
the Solow-only economy matches the growth
facts describing post-World War II industrialized
economies, (3) the population growth rate reacts
to changing living standards as reported in Kremer
(1993) and Lucas (1998), and (4) the implied
annual rate of return on capital is reasonable given
available data. These criteria lead us to the param-
eter values shown in Table 3.
In addition, we use data in Lucas (1998) on

population growth rates and per capita GNP for
various regions of the world from 1750 to the
present to calibrate the population growth func-
tion, g(c1). Population growth rates appear to
increase linearly in living standards (c1 in our
model) from the Malthusian level to the level
where population is doubling each period
(every 35 years). Over this range, living stan-
dards double from the Malthusian level. After
this, the population growth rate decreases lin-
early until living standards are approximately
18 times what they were in the Malthus steady
state. We assume that population is constant as
c1 grows beyond this point. This gives us the
following function g(c1):

(15) g%c1& ! $
,M
1/%1! # ! "&"2 &

c1
c1M# ' 2" c1

c1M
& 1#

for c1 - 2c1M

2 &
c1 & 2c1M
16c1M

for 2c1M % c1 % 18c1M
1 for c1 + 18c1M.

Figure 3 graphs the function g(c1) against val-
ues of c1/c1M.20
We simulated the economy beginning with

period t0 " !5 for 11 periods, at which point
the transition to the Solow technology was
effectively complete.21 Figure 4 shows the

20 Since the peak of our function g(c1) is so much larger
than the population growth rate in the Malthusian era, sus-
tained growth will not occur prior to the industrial revolution in
any reasonably calibrated version of this economy. In addition,
we mentioned earlier that land could be an input in the Solow
production function and still obtain sustained growth following
the industrial revolution, as long as land’s share is not too
large. Given our calibration of g(c1) and ,S, we would require
that land’s share in the Solow technology exceed 0.6022 for
Malthusian stagnation to occur after this technology had been
adopted. We believe this to be an implausibly large value for
land’s share in the modern industrial period.

21 An iterative shooting algorithm was used to determine
the equilibrium initial price of land. As long as an equilib-
rium exists, which can be established using standard argu-
ments, our computation procedure is able to approximate
the equilibrium to the accuracy of the computer. In addition,
because of the exhaustive nature of our one-dimensional
search, we are able to establish that the equilibrium is

FIGURE 3. POPULATION GROWTH FUNCTION: g(c1/c1M)

TABLE 3—PARAMETER VALUES

Parameter Definition Value Comments

,M Growth factor in Malthus technology 1.032 Consistent with population growth in Malthus era
(doubles every 230 years or 6.57 model periods).

,S Growth factor in Solow technology 1.518 Consistent with growth rate of per capita GNP in
postwar United States.

" Capital share in Malthus technology 0.1 Similar to value reported in Philip T. Hoffman (1996)
and Clark (1998a).

# Labor share in Malthus technology 0.6 Labor’s share is set equal to 0.6 in both technologies.
$ Capital share in Solow technology 0.4 Based on data for factor shares in postwar United States.
( Discount factor 1.0 Implies annual return on capital varying from 2 percent

in Malthus era to 4–4.5 percent in periods when
Solow technology is heavily used.
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fraction of productive inputs (capital and labor)
employed in the Malthus sector each period.
The transition takes three generations (105
years) from the point at which the Solow tech-
nology is first used until over 99 percent of the
resources are allocated to the Solow sector. As
in the English industrial revolution, the transi-
tion to a modern industrial economy is not in-
stantaneous, but takes generations to achieve.22
Only the Malthus technology is used from

period !5 to period 0. During this time, output
per worker remains constant. Once the indus-
trial revolution begins in period 1, output per
worker grows at increasingly higher rates. In
particular, there is very little growth in per
capita output in the first 35-year generation after
the Solow technology is adopted (annualized
growth rate of 0.16 percent). The economy
grows at 1.3 percent annually in the next two
generations. The growth rate continues to in-
crease in subsequent generations, eventually
converging to the growth rate of a Solow-only
economy (2 percent annual growth in our cali-
bration) from above.
Our simulated growth path has several fea-

tures in common with the historical data shown
in Figure 1 and Tables 1 and 2. During the
periods when only the Malthus technology is

being used, population grows at the same rate as
output, and the wage stays constant. After pe-
riod 0, population growth increases, and the real
wage increases as well. This is shown in Figure
5, where the wage has been normalized to equal
one in the Malthus steady state.
Figure 6 shows that the value of land relative

to output decreases after the Solow technology
is adopted. This is roughly consistent with the
pattern seen in Table 2.

IV. Conclusion

Until very recently, the literature on eco-
nomic growth focused on explaining features of
modern industrial economies while being in-
consistent with the growth facts describing pre-
industrial economies. This includes both models
based on exogenous technical progress, such as
Robert M. Solow (1957), and more recent mod-
els with endogenous growth, such as Paul M.
Romer (1986) and Lucas (1988). But sustained
growth has existed for at most the past two
centuries, while the millennia prior have been
characterized by stagnation with no significant

unique. Details on our solution procedure are available from
the authors upon request.

22 Although a protracted industrial revolution is an im-
plication of our theory, data limitations prevent us from
computing the transition path implied by the historical AM
and AS sequences. If this were possible, more precise the-
oretical predictions about the shape of the historical transi-
tion path could be obtained.

FIGURE 4. FRACTION OF INPUTS EMPLOYED IN MALTHUS
SECTOR (K " CAPITAL; N " LABOR)

FIGURE 5. WAGE AND POPULATION

FIGURE 6. VALUE OF LAND RELATIVE TO OUTPUT
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permanent growth in living standards. This pa-
per contributes to a recent literature describing
unified growth models that can account for the
basic growth facts of both eras, as well as the
transition between the two. In particular, our
theory predicts that land’s share in production
should fall endogenously over time, as observed
historically, and that there will be an escape
from Malthusian stagnation and a transition to
modern growth in the sense of Solow.
Some caveats are in order. Although it has

become popular in the growth literature to
model the accumulation of nonrivalrous knowl-
edge as an endogenous feature of the model
economy studied, we have chosen to abstract
from this and assume exogenous technological
progress. We made this choice both because it
simplifies our analysis and because we do not
believe that there yet exists a theory of knowl-
edge accumulation with the same level of ac-
ceptance that is accorded to the standard theory
of capital accumulation. For those who dis-
agree, we believe that endogenous growth
features can be easily incorporated into our
theory in a way that does not alter our main
findings.23
In addition, we have not explored how policy

and institutions, by discouraging or preventing
the invention and adoption of new ideas, might
play an important role in determining when the
Solow technology is first used and how quickly
the transition from Malthus to Solow is com-
pleted. Jones (1999), for example, emphasizes
the role that policy and institutions, by affecting
the rate of compensation for inventive activity,
might play in determining the timing of the
industrial revolution. In addition, Stephen L.
Parente and Prescott (1997) have studied how
policy can affect the level of the total factor
productivity parameter in the Solow technol-
ogy. By keeping this parameter small, policy
can affect when equation (8) is satisfied and,
hence, when (if ever) the industrial revolution
begins. The fact that the industrial revolution
happened first in England in the early 19th
century rather than contemporaneously or ear-

lier in China, where the stock of usable knowl-
edge may have actually been higher, is perhaps
due to the institutions and policies in place in
these two countries.
In our theory, the transition from a land-

intensive to a modern industrial economy re-
quires that the rate of total factor productivity
growth in the Solow sector be positive in peri-
ods prior to the adoption of this technology. The
technology must improve sufficiently so that it
ultimately becomes profitable to shift resources
into this previously unused sector. Consistent
with this idea, Joel Mokyr (1990 p. 6), who
documents technological progress over the past
25 centuries, notes “much growth ... is derived
from the deployment of previously available
information rather than the generation of alto-
gether new knowledge.” Of course, some tech-
nological advancements, the wheelbarrow, for
example, increased total factor productivity in
both sectors, yet was employed long before
the industrial revolution. Another invention,
the steam engine, perhaps the quintessential
invention of the industrial revolution, de-
pended heavily on developments that oc-
curred well within the Malthusian era (see
Mokyr, 1990 p. 84). A cost-effective method
for converting thermal energy into kinetic
energy appears to have been a crucial pre-
condition for the Solow technology to be
profitable.
Finally, in contrast to some of the recent

papers modeling the transition from stagnation
to sustained growth, our theory is silent as to
why population growth rates are increasing in
living standards in the early stages of develop-
ment and then become decreasing in living stan-
dards at more advanced stages (the demographic
transition). Some economists (e.g., Galor and
Weil, 2000), following Becker (1960), have ar-
gued that this may be related to a quantity-
quality trade-off between the number of
children a family produces versus the amount of
human capital invested in each child. Other
possibilities, perhaps more relevant in our con-
text, include that the shift from the Malthus to
the Solow technology involves households
choosing to leave a home production sector,
where children are economic assets, in order to
enter a market sector, where they are not
(see e.g., Mark S. Rosenzweig and Robert E.

23 As discussed in the Introduction, Jones (1999) and
Galor and Weil (2000) provide theories where there is
endogenous accumulation of knowledge that eventually per-
mits escape from Malthusian stagnation.
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Evenson, 1977; Karine S. Moe, 1998).24 We
leave it to future work to incorporate these ideas
into the theory studied in this paper.

REFERENCES

Arifovic, Jasmina; Bullard, James and Duffy,
John. “The Transition from Stagnation to
Growth: An Adaptive Learning Approach.”
Journal of Economic Growth, June 1997,
2(2), pp. 185–209.

Becker, Gary S. “An Economic Analysis of Fer-
tility,” in Richard Easterlin, ed., Demo-
graphic and economic change in developed
countries: A conference of the Universities-
National Bureau Committee for Economics.
Princeton, NJ: Princeton University Press,
1960, pp. 209–40.

Becker, Gary S.; Murphy, Kevin M. and Tamura,
Robert. “Human Capital, Fertility, and Eco-
nomic Growth.” Journal of Political Econ-
omy, October 1990, Pt. 2, 98(5), pp. S12–37.

Clark, Gregory. “Microbes and Markets: Was
the Black Death an Economic Revolution?”
Unpublished manuscript, University of Cali-
fornia, Davis, 1998a.

. “Nominal and Real Male Agricultural
Wages in England, 1250–1850.” Unpub-
lished manuscript, University of California,
Davis, 1998b.

Diamond, Peter A. “National Debt in a Neoclas-
sical Growth Model.” American Economic
Review, December 1965, 55(5), pp. 1126–50.

Galor, Oded and Weil, David N. “The Gender
Gap, Fertility, and Growth.” American Eco-
nomic Review, June 1996, 86(3), pp. 374–87.

. “Population, Technology, and Growth:
From Malthusian Stagnation to the Demo-
graphic Transition and Beyond.” American
Economic Review, September 2000, 90(4),
pp. 806–28.

Goodfriend, Marvin and McDermott, John. “Early
Development.” American Economic Review,
March 1995, 85(1), pp. 116–33.

Hoffman, Philip T. Growth in a traditional so-

ciety: The French countryside, 1450–1815.
Princeton, NJ: Princeton University Press,
1996.

Jones, Charles I. “Was the Industrial Revolution
Inevitable? Economic Growth Over the Very
Long Run.” Unpublished manuscript, Stan-
ford University, 1999.

Kremer, Michael. “Population Growth and
Technological Change: One Million B.C. to
1990.” Quarterly Journal of Economics, Au-
gust 1993, 108(3), pp. 681–716.

Laitner, John. “Structural Change and Eco-
nomic Growth.” Review of Economic Studies,
July 2000, 67(3), pp. 545–61.

Lucas, Robert E., Jr. “On the Mechanics of Eco-
nomic Development.” Journal of Monetary
Economics, July 1988, 22(1), pp. 3–42.

. The industrial revolution: Past and
future. Unpublished manuscript, University
of Chicago, 1998.

Maddison, Angus. Dynamic forces in capitalist
development: A long run comparative view.
Oxford: Oxford University Press, 1991.

Malthus, Thomas R. An essay on the principle of
population. Oxford: Oxford University Press
(1993 printing), 1798.

Miller, Merton H. and Upton, Charles W. Mac-
roeconomics: A neoclassical introduction.
Homewood, IL: Richard D. Irwin, Inc., 1974.

Moe, Karine S. “Fertility, Time Use, and Eco-
nomic Development.” Review of Economic
Dynamics, July 1998, 1(3), pp. 699–718.

Mokyr, Joel. The lever of riches: Technological
creativity and economic progress. Oxford:
Oxford University Press, 1990.

Nordhaus, William D. “Do Real-Output and
Real-Wage Measures Capture Reality? The
History of Lighting Suggests Not,” in Timo-
thy F. Bresnahan and Robert J. Gordon, eds.,
The economics of new goods. NBER Studies
in Income and Wealth, Vol. 58. Chicago:
University of Chicago Press, 1997, pp. 29–66.

Parente, Stephen L. and Prescott, Edward C.
“Monopoly Rights: A Barrier to Riches.” Re-
search Department Staff Report 236, Federal
Reserve Bank of Minneapolis, 1997.

Phelps-Brown, Henry and Hopkins, Sheila V.
“Seven Centuries of the Prices of Consum-
ables, Compared With Builders’ Wage-
Rates.” Economica, November 1956, (23),
pp. 296–315.

24 A related possibility, that the reduction in fertility
comes about because of an increase in the relative wage of
women as capital per worker increases, is explored in Galor
and Weil (1996).

1216 THE AMERICAN ECONOMIC REVIEW SEPTEMBER 2002



Romer, Paul M. “Increasing Returns and Long-
Run Growth.” Journal of Political Economy,
October 1986, 94(5), pp. 1002–37.

Rosenzweig, Mark S. and Evenson, Robert E.
“Fertility, Schooling, and the Economic Con-
tribution of Children in Rural India: An
Econometric Analysis.” Econometrica, July
1977, 45(5), pp. 1065–79.

Solow, Robert M. “Technical Change and the
Aggregate Production Function.” Review of
Economics and Statistics, August 1957,
39(3), pp. 312–20.

Stokey, Nancy L. “A Quantitative Model of the
British Industrial Revolution, 1780–1850.”

Unpublished manuscript, University of Chi-
cago, 2001.

Tamura, Robert. “From Agriculture to Industry:
Human Capital and Specialization.” Unpub-
lished manuscript, Clemson University, 1998.

U.S. Bureau of the Census.Historical statistics of
the United States, colonial times to 1970. 2
Vols. Washington, DC: U.S. Government
Printing Office, 1975.

Wrigley, E. A.; Davis, R. S.; Oeppen, J. E. and
Schofield, R. S., eds. English population his-
tory from family reconstitution 1580–1837.
New York: Cambridge University Press,
1997.

1217VOL. 92 NO. 4 HANSEN AND PRESCOTT: MALTHUS TO SOLOW



This article has been cited by:

1. Fali Huang. 2012. THE COEVOLUTION OF ECONOMIC AND POLITICAL DEVELOPMENT
FROM MONARCHY TO DEMOCRACY*. International Economic Review 53:4, 1341-1368.
[CrossRef]

2. A. Mourmouras, P. Rangazas. 2012. Efficient urban bias. Journal of Economic Geography .
[CrossRef]

3. Klaus Desmet, Stephen L. Parente. 2012. The evolution of markets and the revolution of industry:
a unified theory of growth. Journal of Economic Growth 17:3, 205-234. [CrossRef]

4. Nils-Petter Lagerlöf. 2012. Violence and property rights. Journal of Economic Dynamics and
Control . [CrossRef]

5. Brad Sturgill. 2012. The Relationship Between Factor Shares and Economic Development. Journal
of Macroeconomics . [CrossRef]

6. Radhika Lahiri, Shyama Ratnasiri. 2012. Growth Patterns and Inequality in the Presence of Costly
Technology Adoption. Southern Economic Journal 79:1, 203-223. [CrossRef]

7. RAJABRATA BANERJEE. 2012. Population Growth and Endogenous Technological Change:
Australian Economic Growth in the Long Run*. Economic Record 88:281, 214-228. [CrossRef]

8. Olfa Frini, Christophe Muller. 2012. Demographic transition, education and economic growth in
Tunisia. Economic Systems . [CrossRef]

9. André Varella Mollick. 2012. Income inequality in the U.S.: The Kuznets hypothesis revisited.
Economic Systems 36:1, 127-144. [CrossRef]

10. Jenni Pääkkönen. 2012. Are there industrial and agricultural convergence clubs in China?. Journal
of Chinese Economic and Business Studies 10:1, 1-13. [CrossRef]

11. Fang Cai. 2012. Is There a “Middle-income Trap”? Theories, Experiences and Relevance to China.
China & World Economy 20:1, 49-61. [CrossRef]

12. K. Hamacher. 2012. Dynamical regimes due to technological change in a microeconomical model
of production. Chaos: An Interdisciplinary Journal of Nonlinear Science 22:3, 033149. [CrossRef]

13. Xuemei Bai, Jing Chen, Peijun Shi. 2011. Landscape Urbanization and Economic Growth in
China: Positive Feedbacks and Sustainability Dilemmas. Environmental Science & Technology
111206140726009. [CrossRef]

14. Dietrich Vollrath. 2011. The agricultural basis of comparative development. Journal of Economic
Growth . [CrossRef]

15. Richard G. Harris, Peter E. Robertson, Jessica Y. Xu. 2011. The International Effects of China’s
Growth, Trade and Education Booms. The World Economy 34:10, 1703-1725. [CrossRef]

16. David Greasley, Les OxleyClio and the Economist: Making Historians Count 1-20. [CrossRef]
17. Quamrul Ashraf, , Oded Galor. 2011. Dynamics and Stagnation in the Malthusian Epoch. American

Economic Review 101:5, 2003-2041. [Abstract] [View PDF article] [PDF with links]
18. Francisco Alvarez-Cuadrado, , Markus Poschke. 2011. Structural Change Out of Agriculture:

Labor Push versus Labor Pull. American Economic Journal: Macroeconomics 3:3, 127-158.
[Abstract] [View PDF article] [PDF with links]

19. Ceyhun Elgin. 2011. A THEORY OF ECONOMIC DEVELOPMENT WITH ENDOGENOUS
FERTILITY. Macroeconomic Dynamics 1-20. [CrossRef]

20. Victor Hiller. 2011. Work organization, preferences dynamics and the industrialization process.
European Economic Review . [CrossRef]

http://dx.doi.org/10.1111/j.1468-2354.2012.00723.x
http://dx.doi.org/10.1093/jeg/lbs014
http://dx.doi.org/10.1007/s10887-012-9080-y
http://dx.doi.org/10.1016/j.jedc.2012.08.006
http://dx.doi.org/10.1016/j.jmacro.2012.07.005
http://dx.doi.org/10.4284/0038-4038-79.1.203
http://dx.doi.org/10.1111/j.1475-4932.2011.00784.x
http://dx.doi.org/10.1016/j.ecosys.2012.04.002
http://dx.doi.org/10.1016/j.ecosys.2011.06.001
http://dx.doi.org/10.1080/14765284.2012.638458
http://dx.doi.org/10.1111/j.1749-124X.2012.01272.x
http://dx.doi.org/10.1063/1.4754876
http://dx.doi.org/10.1021/es202329f
http://dx.doi.org/10.1007/s10887-011-9074-1
http://dx.doi.org/10.1111/j.1467-9701.2011.01391.x
http://dx.doi.org/10.1002/9781444346725.ch1
http://dx.doi.org/10.1257/aer.101.5.2003
http://pubs.aeaweb.org/doi/pdf/10.1257/aer.101.5.2003
http://pubs.aeaweb.org/doi/pdfplus/10.1257/aer.101.5.2003
http://dx.doi.org/10.1257/mac.3.3.127
http://pubs.aeaweb.org/doi/pdf/10.1257/mac.3.3.127
http://pubs.aeaweb.org/doi/pdfplus/10.1257/mac.3.3.127
http://dx.doi.org/10.1017/S1365100510000842
http://dx.doi.org/10.1016/j.euroecorev.2011.04.004


21. Oded Galor, Stelios Michalopoulos. 2011. Evolution and the growth process: Natural selection of
entrepreneurial traits. Journal of Economic Theory . [CrossRef]

22. TAKEO HORI. 2011. EDUCATIONAL GENDER INEQUALITY AND INVERTED U-
SHAPED FERTILITY DYNAMICS*. Japanese Economic Review 62:1, 126-150. [CrossRef]

23. Yanqing Jiang. 2011. STRUCTURAL CHANGE AND GROWTH IN CHINA UNDER
ECONOMIC REFORMS: PATTERNS, CAUSES AND IMPLICATIONS. Review of Urban &
Regional Development Studies 23:1, 48-65. [CrossRef]

24. Gregory Ponthiere. 2011. ASYMPTOTIC AGE STRUCTURES AND INTERGENERATIONAL
TRADE. Metroeconomica 62:1, 175-217. [CrossRef]

25. David I. Stern. 2011. The role of energy in economic growth. Annals of the New York Academy
of Sciences 1219:1, 26-51. [CrossRef]

26. Paul Sharp, Holger Strulik, Jacob Weisdorf. 2011. The determinants of income in a Malthusian
equilibrium. Journal of Development Economics . [CrossRef]

27. Michael Bar, Oksana Leukhina. 2010. The role of mortality in the transmission of knowledge.
Journal of Economic Growth . [CrossRef]

28. Masako Kimura, Daishin Yasui. 2010. The Galor–Weil gender-gap model revisited: from home to
market. Journal of Economic Growth 15:4, 323-351. [CrossRef]

29. David Greasley, Les Oxley. 2010. CLIO AND THE ECONOMIST: MAKING HISTORIANS
COUNT. Journal of Economic Surveys 24:5, 755-774. [CrossRef]

30. Jakob B. Madsen, James B. Ang, Rajabrata Banerjee. 2010. Four centuries of British economic
growth: the roles of technology and population. Journal of Economic Growth 15:4, 263-290.
[CrossRef]

31. Yanqing Jiang. 2010. An empirical study of structural factors and regional growth in China. Journal
of Chinese Economic and Business Studies 8:4, 335-352. [CrossRef]

32. Dietrich Vollrath. 2010. Land tenure, population, and long-run growth. Journal of Population
Economics . [CrossRef]

33. Ellen R. McGrattan, , Edward C. Prescott. 2010. Unmeasured Investment and the Puzzling US
Boom in the 1990s. American Economic Journal: Macroeconomics 2:4, 88-123. [Abstract] [View
PDF article] [PDF with links]

34. Mark Staley. 2010. Innovation, diffusion and the distribution of income in a Malthusian economy.
Journal of Evolutionary Economics 20:5, 689-714. [CrossRef]

35. BARRY S. KAHN. 2010. WHY CHINA INDUSTRIALIZED AFTER ENGLAND. Economic
Inquiry 48:4, 860-863. [CrossRef]

36. Sascha O. Becker, Francesco Cinnirella, Ludger Woessmann. 2010. The trade-off between fertility
and education: evidence from before the demographic transition. Journal of Economic Growth
15:3, 177-204. [CrossRef]

37. Lutz Hendricks. 2010. Cross-country variation in educational attainment: structural change or
within-industry skill upgrading?. Journal of Economic Growth 15:3, 205-233. [CrossRef]

38. Luca Pensieroso. 2010. Real business cycle models of the Great Depression. Cliometrica .
[CrossRef]

39. Oded Galor. 2010. THE 2008 LAWRENCE R. KLEIN LECTURE-COMPARATIVE
ECONOMIC DEVELOPMENT: INSIGHTS FROM UNIFIED GROWTH THEORY.
International Economic Review 51:1, 1-44. [CrossRef]

40. Luis Angeles. 2010. Demographic transitions: analyzing the effects of mortality on fertility.
Journal of Population Economics 23:1, 99-120. [CrossRef]

http://dx.doi.org/10.1016/j.jet.2011.04.005
http://dx.doi.org/10.1111/j.1468-5876.2010.00511.x
http://dx.doi.org/10.1111/j.1467-940X.2011.00177.x
http://dx.doi.org/10.1111/j.1467-999X.2010.04105.x
http://dx.doi.org/10.1111/j.1749-6632.2010.05921.x
http://dx.doi.org/10.1016/j.jdeveco.2010.12.004
http://dx.doi.org/10.1007/s10887-010-9059-5
http://dx.doi.org/10.1007/s10887-010-9058-6
http://dx.doi.org/10.1111/j.1467-6419.2010.00649.x
http://dx.doi.org/10.1007/s10887-010-9057-7
http://dx.doi.org/10.1080/14765284.2010.513173
http://dx.doi.org/10.1007/s00148-010-0339-3
http://dx.doi.org/10.1257/mac.2.4.88
http://pubs.aeaweb.org/doi/pdf/10.1257/mac.2.4.88
http://pubs.aeaweb.org/doi/pdf/10.1257/mac.2.4.88
http://pubs.aeaweb.org/doi/pdfplus/10.1257/mac.2.4.88
http://dx.doi.org/10.1007/s00191-009-0170-8
http://dx.doi.org/10.1111/j.1465-7295.2010.00238.x
http://dx.doi.org/10.1007/s10887-010-9054-x
http://dx.doi.org/10.1007/s10887-010-9055-9
http://dx.doi.org/10.1007/s11698-010-0053-0
http://dx.doi.org/10.1111/j.1468-2354.2009.00569.x
http://dx.doi.org/10.1007/s00148-009-0255-6


41. Dietrich Vollrath. 2009. The dual economy in long-run development. Journal of Economic Growth
14:4, 287-312. [CrossRef]

42. Ann L. Owen, Julio Videras, Lewis Davis. 2009. Do all countries follow the same growth process?.
Journal of Economic Growth 14:4, 265-286. [CrossRef]

43. Carol Scotese Lehr. 2009. Evidence on the Demographic Transition. Review of Economics and
Statistics 91:4, 871-887. [CrossRef]

44. Maria Fröling. 2009. Energy use, population and growth, 1800–1970. Journal of Population
Economics . [CrossRef]

45. Alexandros Mourmouras, Peter Rangazas. 2009. FISCAL POLICY AND ECONOMIC
DEVELOPMENT. Macroeconomic Dynamics 13:04, 450. [CrossRef]

46. Alex Mourmouras, Peter Rangazas. 2009. Reconciling Kuznets and Habbakuk in a unified growth
theory. Journal of Economic Growth 14:2, 149-181. [CrossRef]

47. David N. Weil, , Joshua Wilde. 2009. How Relevant Is Malthus for Economic Development
Today?. American Economic Review 99:2, 255-260. [Citation] [View PDF article] [PDF with links]

48. HAIWEN ZHOU. 2009. POPULATION GROWTH AND INDUSTRIALIZATION. Economic
Inquiry 47:2, 249-265. [CrossRef]

49. JOHN S. LANDON-LANE, PETER E. ROBERTSON. 2009. FACTOR ACCUMULATION AND
GROWTH MIRACLES IN A TWO-SECTOR NEOCLASSICAL GROWTH MODEL*. The
Manchester School 77:2, 153-170. [CrossRef]

50. D VOLLRATH. 2009. How important are dual economy effects for aggregate productivity?.
Journal of Development Economics 88:2, 325-334. [CrossRef]

51. Robert E. Lucas, Jr. 2009. Trade and the Diffusion of the Industrial Revolution. American
Economic Journal: Macroeconomics 1:1, 1-25. [Abstract] [View PDF article] [PDF with links]

52. NILS-PETTER LAGERLÖF. 2009. Slavery and Other Property Rights 1. Review of Economic
Studies 76:1, 319-342. [CrossRef]

53. Huizhong Li, Feng Yin, Jialun Li. 2008. China's Construction Land Expansion and Economic
Growth: A Capital-output Ratio Based Analysis. China & World Economy 16:6, 46-62. [CrossRef]

54. R FOELLMI, J ZWEIMULLER. 2008. Structural change, Engel's consumption cycles and Kaldor's
facts of economic growth#. Journal of Monetary Economics 55:7, 1317-1328. [CrossRef]

55. Kazuhiro Yuki. 2008. SECTORAL SHIFT, WEALTH DISTRIBUTION, AND DEVELOPMENT.
Macroeconomic Dynamics 12:04. . [CrossRef]

56. Hernando Zuleta. 2008. An empirical note on factor shares. The Journal of International Trade &
Economic Development 17:3, 379-390. [CrossRef]

57. Fumio Hayashi, Edward C. Prescott. 2008. The Depressing Effect of Agricultural Institutions on
the Prewar Japanese Economy. Journal of Political Economy 116:4, 573-632. [CrossRef]

58. Nils-Petter Lagerlöf, Thomas Tangerås. 2008. From rent seeking to human capital: a model where
resource shocks cause transitions from stagnation to growth. Canadian Journal of Economics/
Revue canadienne d'économique 41:3, 760-780. [CrossRef]

59. Yasusada Murata. 2008. Engel's law, Petty's law, and agglomeration#. Journal of Development
Economics 87:1, 161-177. [CrossRef]

60. Shekhar Aiyar, Carl-Johan Dalgaard, Omer Moav. 2008. Technological progress and regress in
pre-industrial times. Journal of Economic Growth 13:2, 125-144. [CrossRef]

61. Matthias Doepke, Fabrizio Zilibotti. 2008. Occupational Choice and the Spirit of Capitalism *.
Quarterly Journal of Economics 123:2, 747-793. [CrossRef]

http://dx.doi.org/10.1007/s10887-009-9045-y
http://dx.doi.org/10.1007/s10887-009-9046-x
http://dx.doi.org/10.1162/rest.91.4.871
http://dx.doi.org/10.1007/s00148-009-0278-z
http://dx.doi.org/10.1017/S1365100509080171
http://dx.doi.org/10.1007/s10887-009-9041-2
http://dx.doi.org/10.1257/aer.99.2.255
http://pubs.aeaweb.org/doi/pdf/10.1257/aer.99.2.255
http://pubs.aeaweb.org/doi/pdfplus/10.1257/aer.99.2.255
http://dx.doi.org/10.1111/j.1465-7295.2008.00151.x
http://dx.doi.org/10.1111/j.1467-9957.2008.02092.x
http://dx.doi.org/10.1016/j.jdeveco.2008.03.004
http://dx.doi.org/10.1257/mac.1.1.1
http://pubs.aeaweb.org/doi/pdf/10.1257/mac.1.1.1
http://pubs.aeaweb.org/doi/pdfplus/10.1257/mac.1.1.1
http://dx.doi.org/10.1111/j.1467-937X.2008.00511.x
http://dx.doi.org/10.1111/j.1749-124X.2008.00137.x
http://dx.doi.org/10.1016/j.jmoneco.2008.09.001
http://dx.doi.org/10.1017/S1365100508070296
http://dx.doi.org/10.1080/09638190802137034
http://dx.doi.org/10.1086/591804
http://dx.doi.org/10.1111/j.1540-5982.2008.00484.x
http://dx.doi.org/10.1016/j.jdeveco.2007.06.001
http://dx.doi.org/10.1007/s10887-008-9030-x
http://dx.doi.org/10.1162/qjec.2008.123.2.747


62. Matthias Doepke. 2008. Humankapital, politischer Wandel und langfristige
Wirtschaftsentwicklung. Perspektiven der Wirtschaftspolitik 9, 73-89. [CrossRef]

63. Larry E. Jones, Michèle TertiltChapter 5 An Economic History of Fertility in the United States:
1826–1960 1, 165-230. [CrossRef]

64. Raouf Boucekkine, Bity Diene, Théophile Azomahou. 2008. Growth Economics of Epidemics: A
Review of the Theory. Mathematical Population Studies 15:1, 1-26. [CrossRef]

65. Daron Acemoglu, Simon Johnson. 2007. Disease and Development: The Effect of Life Expectancy
on Economic Growth. Journal of Political Economy 115:6, 925-985. [CrossRef]

66. Javier A. Birchenall. 2007. Escaping high mortality. Journal of Economic Growth 12:4, 351-387.
[CrossRef]

67. D GOLLIN, S PARENTE, R ROGERSON. 2007. The food problem and the evolution of
international income levels#. Journal of Monetary Economics 54:4, 1230-1255. [CrossRef]

68. Hyeok Jeong, Robert M. Townsend. 2007. Sources of TFP growth: occupational choice and
financial deepening. Economic Theory 32:1, 179-221. [CrossRef]

69. Tiago V. Cavalcanti, Stephen L. Parente, Rui Zhao. 2007. Religion in macroeconomics: a
quantitative analysis of Weber’s thesis. Economic Theory 32:1, 105-123. [CrossRef]

70. Stephen L. Parente, Anne Villamil. 2007. Edward C. Prescott’s contributions to economics: guest
editors’ introduction. Economic Theory 32:1, 1-5. [CrossRef]

71. Raouf Boucekkine, David de la Croix, Dominique Peeters. 2007. Early Literacy Achievements,
Population Density, and the Transition to Modern Growth. Journal of the European Economic
Association 5:1, 183-226. [CrossRef]

72. Lewis S. Davis. 2007. MARKET TRANSACTION COSTS IN INDUSTRIALIZATION AND
DEMOGRAPHIC TRANSITION. Pacific Economic Review 12:1, 79-99. [CrossRef]

73. M IYIGUN, R WALSH. 2007. Endogenous gender power, household labor supply and the
demographic transition. Journal of Development Economics 82:1, 138-155. [CrossRef]

74. M GUILLO, F PEREZSEBASTIAN. 2007. The curse and blessing of fixed specific factors in
small-open economies. Journal of Development Economics 82:1, 58-78. [CrossRef]

75. Nico Voigtländer, Hans-Joachim Voth. 2006. Why England? Demographic factors, structural
change and physical capital accumulation during the Industrial Revolution. Journal of Economic
Growth 11:4, 319-361. [CrossRef]

76. Moshe Hazan, Hosny Zoabi. 2006. Does longevity cause growth? A theoretical critique. Journal
of Economic Growth 11:4, 363-376. [CrossRef]

77. William Lord, Peter Rangazas. 2006. Fertility and development: the roles of schooling and family
production. Journal of Economic Growth 11:3, 229-261. [CrossRef]

78. GREGORY CLARK, GILLIAN HAMILTON. 2006. Survival of the Richest: The Malthusian
Mechanism in Pre-Industrial England. The Journal of Economic History 66:03. . [CrossRef]

79. J DIAS, J MCDERMOTT. 2006. Institutions, education, and development: The role of
entrepreneurs. Journal of Development Economics 80:2, 299-328. [CrossRef]

80. Richard Tiffin, Xavier Irz. 2006. Is agriculture the engine of growth?. Agricultural Economics 35:1,
79-89. [CrossRef]

81. Graziella Bertocchi. 2006. The Law of Primogeniture and the Transition from Landed Aristocracy
to Industrial Democracy. Journal of Economic Growth 11:1, 43-70. [CrossRef]

82. S CHAKRABORTY, T RAY. 2006. Bank-based versus market-based financial systems: A growth-
theoretic analysis#. Journal of Monetary Economics 53:2, 329-350. [CrossRef]

http://dx.doi.org/10.1111/j.1468-2516.2008.00275.x
http://dx.doi.org/10.1016/S1574-0129(08)00005-7
http://dx.doi.org/10.1080/08898480701792410
http://dx.doi.org/10.1086/529000
http://dx.doi.org/10.1007/s10887-007-9022-2
http://dx.doi.org/10.1016/j.jmoneco.2006.04.002
http://dx.doi.org/10.1007/s00199-006-0201-8
http://dx.doi.org/10.1007/s00199-006-0181-8
http://dx.doi.org/10.1007/s00199-007-0219-6
http://dx.doi.org/10.1162/JEEA.2007.5.1.183
http://dx.doi.org/10.1111/j.1468-0106.2007.00342.x
http://dx.doi.org/10.1016/j.jdeveco.2005.09.004
http://dx.doi.org/10.1016/j.jdeveco.2005.11.002
http://dx.doi.org/10.1007/s10887-006-9007-6
http://dx.doi.org/10.1007/s10887-006-9008-5
http://dx.doi.org/10.1007/s10887-006-9005-8
http://dx.doi.org/10.1017/S0022050706000301
http://dx.doi.org/10.1016/j.jdeveco.2005.04.004
http://dx.doi.org/10.1111/j.1574-0862.2006.00141.x
http://dx.doi.org/10.1007/s10887-006-7405-4
http://dx.doi.org/10.1016/j.jmoneco.2005.01.003


83. L DEIDDA. 2006. Interaction between economic and financial development#. Journal of Monetary
Economics 53:2, 233-248. [CrossRef]

84. R TAMURA. 2006. Human capital and economic development. Journal of Development
Economics 79:1, 26-72. [CrossRef]

85. James Hartley. 2006. Kydland and Prescott's Nobel Prize: the methodology of time consistency
and real business cycle models. Review of Political Economy 18:1, 1-28. [CrossRef]

86. Matteo Cervellati, Uwe Sunde. 2005. Human Capital Formation, Life Expectancy, and the Process
of Development. American Economic Review 95:5, 1653-1672. [Abstract] [View PDF article]
[PDF with links]

87. Jacob L. Weisdorf. 2005. From Foraging To Farming: Explaining The Neolithic Revolution.
Journal of Economic Surveys 19:4, 561-586. [CrossRef]

88. Nils-Petter Lagerlof. 2005. Sex, equality, and growth. Canadian Journal of Economics/Revue
canadienne d'<html_ent glyph="@eacute;" ascii="e"/>conomique 38:3, 807-831. [CrossRef]

89. Richard H. Steckel. 2005. Health and Nutrition in Pre-Columbian America: The Skeletal Evidence.
Journal of Interdisciplinary History 36:1, 1-32. [CrossRef]

90. Jeremy Greenwood, Gokce Uysal. 2005. New Goods and the Transition to a New Economy.
Journal of Economic Growth 10:2, 99-134. [CrossRef]

91. Matthias Doepke, Fabrizio Zilibotti. 2005. Social Class and the Spirit of Capitalism. Journal of the
European Economic Association 3:2-3, 516-524. [CrossRef]

92. Nicholas Crafts. 2005. The First Industrial Revolution: Resolving the Slow Growth/Rapid
Industrialization Paradox. Journal of the European Economic Association 3:2-3, 525-534.
[CrossRef]

93. Kevin H. O’rourke, Jeffrey G. Williamson. 2005. From Malthus to Ohlin: Trade, Industrialisation
and Distribution Since 1500. Journal of Economic Growth 10:1, 5-34. [CrossRef]

94. Omer Moav. 2005. Cheap Children and the Persistence of Poverty*. The Economic Journal
115:500, 88-110. [CrossRef]

95. Charles I. JonesChapter 16 Growth and Ideas 1, 1063-1111. [CrossRef]
96. Lionel Artige, Carmen Camacho, David De La Croix. 2004. Wealth Breeds Decline: Reversals of

Leadership and Consumption Habits. Journal of Economic Growth 9:4, 423-449. [CrossRef]
97. Robert E. Lucas, Jr.. 2004. Life Earnings and Rural#Urban Migration. Journal of Political Economy

112:S1, S29-S59. [CrossRef]
98. Diego Restuccia. 2004. Barriers to Capital Accumulation and Aggregate Total Factor

Productivity*. International Economic Review 45:1, 225-238. [CrossRef]
99. Nils-Petter Lagerlof. 2003. Mortality and Early Growth in England, France and Sweden.

Scandinavian Journal of Economics 105:3, 419-440. [CrossRef]
100. David de la Croix, Matthias Doepke. 2003. Inequality and Growth: Why Differential Fertility

Matters. American Economic Review 93:4, 1091-1113. [Abstract] [View PDF article] [PDF with
links]

101. Nils-Petter Lagerlof. 2003. From Malthus to Modern Growth: Can Epidemics Explain the Three
Regimes?*. International Economic Review 44:2, 755-777. [CrossRef]

102. Hans-Joachim Voth. 2003. Living Standards During the Industrial Revolution: An Economist's
Guide. American Economic Review 93:2, 221-226. [Citation] [View PDF article] [PDF with links]

103. Nancy L. Stokey. 2001. A quantitative model of the British industrial revolution, 1780–1850.
Carnegie-Rochester Conference Series on Public Policy 55:1, 55-109. [CrossRef]

http://dx.doi.org/10.1016/j.jmoneco.2005.03.007
http://dx.doi.org/10.1016/j.jdeveco.2004.12.003
http://dx.doi.org/10.1080/09538250500353993
http://dx.doi.org/10.1257/000282805775014380
http://pubs.aeaweb.org/doi/pdf/10.1257/000282805775014380
http://pubs.aeaweb.org/doi/pdfplus/10.1257/000282805775014380
http://dx.doi.org/10.1111/j.0950-0804.2005.00259.x
http://dx.doi.org/10.1111/j.0008-4085.2005.00303.x
http://dx.doi.org/10.1162/0022195054026310
http://dx.doi.org/10.1007/s10887-005-1668-z
http://dx.doi.org/10.1162/jeea.2005.3.2-3.516
http://dx.doi.org/10.1162/jeea.2005.3.2-3.525
http://dx.doi.org/10.1007/s10887-005-1111-5
http://dx.doi.org/10.1111/j.1468-0297.2004.00961.x
http://dx.doi.org/10.1016/S1574-0684(05)01016-6
http://dx.doi.org/10.1007/s10887-004-4542-5
http://dx.doi.org/10.1086/379942
http://dx.doi.org/10.1111/j.1468-2354.2004.00123.x
http://dx.doi.org/10.1111/1467-9442.t01-2-00006
http://dx.doi.org/10.1257/000282803769206214
http://pubs.aeaweb.org/doi/pdf/10.1257/000282803769206214
http://pubs.aeaweb.org/doi/pdfplus/10.1257/000282803769206214
http://pubs.aeaweb.org/doi/pdfplus/10.1257/000282803769206214
http://dx.doi.org/10.1111/1468-2354.t01-1-00088
http://dx.doi.org/10.1257/000282803321947083
http://pubs.aeaweb.org/doi/pdf/10.1257/000282803321947083
http://pubs.aeaweb.org/doi/pdfplus/10.1257/000282803321947083
http://dx.doi.org/10.1016/S0167-2231(01)80003-8

	Malthus to Solow
	I. The English Economy From 1250 to the Present
	A. The Period 1275–1800
	B. The Period 1800–1989

	II. The Model Economy
	A. Technology
	B. Preferences and Demographic Structure
	C. Competitive Equilibrium

	III. The Equilibrium Development Path
	A. The Quantitative Exercise

	IV. Conclusion
	REFERENCES


