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Abstract

Mine-related transport infrastructure typically connects mines directly to the coast.
This is most clearly seen in former colonies, whose transport infrastructure was originally
designed to facilitate the export of natural resources in colonial times. We provide the first
econometric evidence that such infrastructure biases a country’s structure of transport costs
in favor of overseas trade, to the detriment of trade with neighbors and regional integration.
Our main findings are that coastal destinations with more mine-to-coast infrastructure
import relatively less fom neighbors, and this effect is stronger when the infrastructure

overlaps with routes used to import from overseas. However this effect is reversed for
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landlocked destinations, where the mine-to-coast infrastructure will have to cut through at
least one neighbor to reach the coast. The effect is specific to mines and not to oil and gas
fields, arguably because pipelines cannot be used to trade other commodities. We discuss
the welfare implications of our results, and relate these to the debate on the economic legacy
of colonialism, and the recent surge of Chinese infrastructure investment in Africa.

JEL Codes: F14, F54, Q32, RA4.

Keywords: Mineral Resources, Transport Infrastructure, Regional Trade Integration,

Gravity Model, Economic Legacy of Colonialism.

1 Introduction

It has long been claimed that the transport infrastructure of developing countries, and that of
former colonies and African countries in particular, has a suboptimal, interior-to-coast shape.
The colonisers built rail and roads that facilitated the export of natural resources, but these
were not suited for the needs of local and regional trade (e.g. Rodney, 1982, p. 209). Various
observers have pointed out that colonial infrastructure has persisted over time, and that its
interior-to-coast shape contributes to explaining the former colonies’ limited regional integration
and disappointing economic performance (e.g. Sachs et al., 2004, p. 182).

A casual look at a map of African transport infrastructure immediately illustrates the logic
of this argument. Figure 1 presents a map of West and East African railways at decolonisation
(1960s). Colonial transport infrastructure mostly connected the interior to the coast, while there
were very few links connecting neighboring countries. Furthermore, many of the latter links were
designed primarily to connect the interior of a landlocked country to the coast. Colonial transport
infrastructure has clearly persisted over time: Figure 2 describes the structure of African railways
today, which appears to be very similar to that in the previous map.! While an interior-to-coast
shape is not necessarily suboptimal, the conclusion that it is - particularly for its negative impact
on regional trade - actually permeates the contemporary trade and development literature, and

policy circles as well.?

In the Online Appendix, we provide a case study of Ghana, a resource-rich country where the colonial
transport infrastructure had a clear interior-to-coast pattern, and has persisted to these days.
2The trade literature has repeatedly documented that intra-African trade is “too small” compared to what



In this paper, we provide the first econometric evidence in support of the claim that interior-
to-coast transport infrastructure penalises regional trade. In particular, we focus on mines and
mine-to-coast infrastructure, and test the following hypothesis. Developing countries export
most of their mineral resources overseas, requiring roads and railways to connect the mineral-
rich regions of the interior to the coast. To the extent that such mine-to-coast infrastructure
is also usable to import other goods, it will reduce the transport costs on imports, and more
so on imports from overseas than on imports from neighbors. If mine-to-coast infrastructure
has dominated national infrastructural investment - which according to the narrative above was
the case in former colonies (and particularly in Africa) - more of this type of infrastructure
should result in overall transport costs that are more biased in favor of overseas countries. Thus,
countries with more mine-to-coast infrastructure should import relatively less from neighbors,
and this should be more visible in former colonies (and particularly in Africa).

We build our empirical strategy on the following steps. We begin by estimating a gravity
model of bilateral trade flows (controlling for importer and exporter fixed effects and a range
of measures of trade costs) to show that countries with a larger number of mines - which,
we argue, is a good proxy for both the quantity and quality of mine-to-coast infrastructure -
import relatively less from neighbors. This qualifies the standard gravity result that neighboring
countries trade more with each other, and may eliminate it or even overturn it for countries
that have a sufficiently larger number of mines.> When we split the sample in destinations that
are former colonies and those that are not, we find that this trade re-direction effect disappears
for the first group of countries, while it is still there for the second group of countries. This is
prima-facie evidence in favor of our hypothesis.

We then adopt three different strategies to establish that the trade-re-direction effect of mines

is due to mine-to-coast infrastructure and its asymmetric impact on transport costs. Our first

gravity predicts, and that much of it can be attributed to the poor quality of transport infrastructure (e.g. Limao
and Venables, 2001). Sachs et al. (2004, p. 182) explicitly blame this on interior-to-coast transport infrastructure
inherited from colonial times, and highlight the urgent need to invest in cross-country connections within Africa.
The African Development Bank has taken up this challenge in recent years, by launching an ambitious plan to
improve the overland connections between Sub-Saharan African countries. This is estimated to have the potential
to increase overland trade by as much as $250 billion over 15 years (Buys et al., 2006).

3For example, we find that the positive neighbor effect on trade disappears altogether for the 40 most important
mining countries.



strategy derives from the existence of landlocked countries in our sample. Developing landlocked
countries will also tend to export most of their mineral resources overseas. However, for these
countries the mine-to-coast infrastructure will necessarily cut through some “transit” neighbors.
Imports from these neighbors will then benefit from the mine-to-coast infrastructure just as
much as those from overseas countries do, if not more. It follows that, if mine-to-coast transport
infrastructure is what is driving the trade re-direction effect, we should expect this effect to be
smaller (or even of opposite sign) for landlocked destinations. This prediction is very specific to
our hypothesis, and we test for it by modifying our baseline specification to distinguish between
coastal and landlocked destinations.

Second, for our sample of colonial and African destinations, we collect data on mine-to-coast
road infrastructure, and construct a measure of its potential to re-direct trade in each country.
More specifically, we use almost 80,000 online MapQuest queries to identify the roads connecting
each mine in each country to the coast. We then construct an index capturing the extent to
which such infrastructure overlaps with the roads connecting the country’s cities to its main
container port (city-port corridors). If the trade re-direction effect of mines is due to mine-to-
coast infrastructure, we would expect it to be stronger when their mine-to-coast infrastructure
overlaps a lot with city-port corridors, since in this case the infrastructure would have a strong
potential to reduce the cost of importing from overseas. This prediction is exclusive to our
hypothesis, and we test for it by running a very demanding specification which distinguishes
not only between coastal and landlocked destinations, but also between destinations with a high
value of the index, and destinations with a low value.

Our last strategy consists of a falsification exercise. If mine-to-coast infrastructure is what
is driving the trade re-direction effect of mines, this effect should disappear when we look at
specific types of mineral resources that are unlikely to generate infrastructure usable to import
other goods. We therefore add the number of oil and gas fields to our baseline specification, on
the premise that oil and gas, differently from other mineral resources, are mostly transported
through pipelines.

We find compelling evidence in favor of our hypothesis. First, while coastal destinations

with more mines import relatively less from neighbors, landlocked destinations do not. As



expected, this differential effect is only present in former colonies and is particularly strong
in Africa. Second, the trade re-direction effect of mines is stronger, the more their observed
mine-to-coast infrastructure overlaps with city-port corridors. Finally, our falsification exercise
yields the expected result: there is no trade re-direction effect associated with oil and gas fields.
These results hold across various robustness tests such as changing the measure of mine-to-coast
infrastructure, accounting for potential selection bias due to ‘zeros in trade’, and including only
countries with at least one mine.

Our results are supportive of the notion that interior-to-coast infrastructure penalises regional
trade, at least in relative terms. We cannot, however, draw precise welfare implications: do to
so, one would require strict randomness in the placement of infrastructure, and the construction
and estimation of a rich quantitative model of infrastructure, trade and growth. Nonetheless,
there are good reasons to hypothesise that interior-to-coast infrastructure is suboptimal, which
we discuss in some detail. For example, interior-to-coast infrastructure may be particularly bad
for neighbors of resource-rich countries, who will face a structure of transport costs biased against
them. We also discuss the possibility to interpret our results as an economic legacy of colonialism,
and the extent to which recent Chinese investment in Africa may contribute to exacerbate that
legacy.

The paper is related to a growing literature on the economic impact of transport infrastruc-
ture. This has looked at the impact of infrastructure on the location of economic activity (e.g.,
Duranton et al., forthcoming, for the US; Faber, forthcoming, for China), long-run economic
growth (e.g. Banerjee et al., 2012, for China; Jedwab and Moradi, 2012, for Ghana), and market
integration (e.g. Cosar and Demir, 2015, for Turkey; Donaldson, forthcoming, for 19th-century
India; Keller and Shiue, 2008, for 19th-century Germany).* We contribute to this literature by
investigating the asymmetric market integration effect of transport infrastructure across a large
sample of countries.

The paper is also related to the literature on the economic legacy of colonial empires. Recent

contributions include Nunn (2008), on the long-run consequences of the slave trade on Africa;

4Michaels (2008) uses the exogenous placement of transport infrastructure as an exogenous source of variation
in trade barriers in US counties, and study the effect on the demand for skilled labor.



Huillery (2009), on the long-run effects of public investment in colonial French Africa; and Iyer
(2010) on the comparative long-run impact of direct versus indirect colonial rule in India. We
contribute to this literature by looking at the long-run effect of colonial investment in transport
infrastructure. Although Huilery (2009), Banerjee et al. (2012), and Jedwab and Moradi (2012)
also look at this, we test for a specific hypothesis regarding the negative impact of colonial infras-
tructure on contemporary regional trade. The idea that a country’s natural resource production
may adversely bias national trade patterns dates back to the so-called “Dependency School” (e.g.
Dos Santos, 1970; Amin, 1972). The argument that transport infrastructure played a key role in
all this has been made, among others, by Rodney (1982), and Freund (1998).° However, to the
best of our knowledge, no other paper has systematically tested this with data on mines.

Next, the paper is related to the gravity literature on intra-African trade. Limao and Ven-
ables (2001) find that trade between pairs of Sub-Saharan African (SSA) countries is significantly
lower than trade between pairs of non SSA countries. However after controlling for a rough mea-
sure of the stock of national infrastructure, this difference becomes significantly positive. They
also find that the negative effect of distance on bilateral trade flows is larger for SSA than for
non-SSA pairs. We contribute to this literature by looking at the historical root causes of poor
infrastructure connecting the African countries.® Finally, the paper is related to literature on
the resource curse (see van der Ploeg, 2011, for a recent survey), which has presented various
arguments why natural resource booms may not be a great source of domestic growth for devel-
oping countries. Our results suggest that they may not be a great source of growth for regional

trading partners either, if they are accompanied by an infrastructure-driven re-orientation of

SFor example, Rodney (1982), p. 209, states that “These [colonial roads and railways] had a clear geographical
distribution according to the extent to which particular regions needed to be opened up to import-export activities.
[...] The only slight exception is that certain roads and railways were built to move troops and make conquest and
oppression easier. [...] There were no roads connecting different colonies and different parts of the same colony
in a manner that made sense with regard to Africa’s needs and development. All roads and railways led down
to the sea. They were built to extract gold or manganese or coffee or cotton. They were built to make business
possible for the timber companies trading companies, and agricultural concessions firms, and for white settlers.
Any catering to African interests was purely coincidental.”

5The effect of interior-to-coast transport infrastructure is conceptually similar to that of a reduction in tariff
that is biased in favour of overseas countries. Thus, our paper is related to a literature that has sought to
understand whether the interests of developing countries are best served by North-South or South-South trade
agreements. For example, Venables (2003) finds that for a medium-income developing country, to sign a custom
union with developed countries may be less welfare-enhancing than to sign it with a low-income neighbor, while
for the latter the opposite is likely to be true.



trade towards overseas countries.”

The paper is organized as follows. The next two sections develop a simple model illustrating
our hypothesis (Section 2) and describe how we construct the mine-impact index (Section 3).
After describing the data in Section 4, we test our hypothesis in Section 5. Section 6 contains a

discussion of results, and Section 7 concludes.

2 Model

To formalise our hypothesis, we start with a standard gravity model specifying the imports of

country d (“destination”) from country o (“origin”):

Inimp,; =k —In7og + fo + fa + Vous (1)

where k is a constant, 7,4 is a measure of costs (among which, transport costs) incurred to import
from o to d, f, and f; are origin and destination fixed effects, and v,q4 is an error term. Our goal
is to determine how 7,4 depends on mine-related transport infrastructure in d, for all possible o.

Consider first a world with only coastal countries. This is represented in Figure 3, Panel I,
where a destination d imports from n origins, both on the same continent as d (o; = 01, ..., 05) and
overseas (0; = 0g, ..., 0,). Overseas origins are connected to the destination through a sea route,
terminating at port P. Suppose a mine M exists in d. How will its transport infrastructure
affect d’s cost of importing from all 0?7 Our argument proceeds in four steps.

First, because in developing countries mineral products are mostly exported overseas, M’s
transport infrastructure is more likely to connect it to P, than to any of 0; = 04, ...,05. In the
figure, this is represented by the thicker line connecting M to P. To capture this, we define
oV, % € (0,1) as the probabilities that the mine-related infrastructure leads to, respectively,
neighboring and non-neighboring markets (through P), and hypothesise that ¢V < ¢¥.

Second, in many cases the roads and railways built to serve M will also be usable to import

"Because of these implications, the paper is related to the literature on international growth spillovers (e.g.
Easterly and Levine, 1998; Roberts and Deichman, 2009), and particularly those papers that look at natural
resource booms explicitly (e.g. Venables, 2009).



goods and will thus reduce the country’s overall transport costs. However, since M’s transport
infrastructure is particularly likely to lead to P, and imports from o; = o, ..., 0, are more likely
to be channeled through P than imports from o; = o1, ...,05,° M’s transport infrastructure is
more likely to reduce the cost of importing from o; = o, ..., 0, then the cost of importing from
0; = 01, ..., O5.

Third, it is reasonable to assume that the more mines a country has the larger and of better
quality its stock of mine-related transport infrastructure will be.? At the same time, a given stock
of mine-related infrastructure may have a stronger effect on transport costs in a small country
than in a large one. Following the logic of steps 1 and 2, we may then expect that countries with
more mines per square km should, on average, face lower costs of importing from non-neighbors
relative to neighbors. Therefore, we use the number of mines in d, my, as a proxy for d’s stock
of mine-related infrastructure after normalizing it by d’s area, ag.

Finally, there may be cases in which the mine-to-coast infrastructure uses a purpose-built
port that is faraway from P, or, even if it does use P, it may have a trajectory that is quite
separate from that of the routes used by consumers to import through P. In those cases, we
would expect the mine-to-coast infrastructure to have a small impact on the cost of importing
from non-neighbors. Now suppose we observe the routes used by d’s consumers to import through
P (as well as the routes used by country d’s mines) and that we are able to construct an index
I; € [0, 1] measuring the extent to which the latter overlaps with the former. We would then
expect that a certain stock of mine-related infrastructure (as proxied by mg) has a higher impact
on the cost of importing from non-neighbors in countries with a higher 1.

Combining these four steps, we relate the number of mines in a destination country to trade

8Imports from o0; = 0, ..., 0, will always have to be routed through P, whereas imports from 0; = oy, ..., 05
will, in at least some cases, be more efficiently routed via overland connections.

9If mines are scattered throughout the national territory, more of them necessarily implies a larger stock of
mine-related infrastructure. If mines are concentrated in a region, more of them may not imply a larger stock,
but will still imply a better quality of mine-related infrastructure, since roads and railways must be strong enough
to withstand higher tonnages of goods traveling across them. In both cases, more mines imply a larger number
of trucks and carriages that reach the ports with mining products and that can be used to import goods on their
way back. Nevertheless, in Section 5.5 we show that the main results are robust to replacing the number of mines
with an indicator variable equal to one if there are mines in the country, zero otherwise.



costs as follows:

1+1,

In7,y =Int,y— 0Ny — <;5N’yln @N()d — ngN’yln M (1 = Noa), (2)
aq %

where 7,4 is a vector of standard determinants of trade costs and N,; is a neighbor dummy.!®
We expect that mines per square km (mg/a,) decrease overall trade costs to the extent that the
mine-related infrastructure can be used for imports as well (if v > 0), and they decrease them
with non-neighbors more than with neighbors to the extent that the mine-related infrastructure
is more likely to have a mine-to-coast shape (¢ > ¢"). The effect of mines on trade costs with
non-neighbors is higher the the larger is I;, the index capturing the degree of overlap between
the mine-to-coast infrastructure and the route used by consumers to import through P.!!

Next, consider a world in which there also exist landlocked countries (Figure 3, Panel IT). Steps
1-4 are still valid to describe the effect of mine-related infrastructure on the cost of importing
from neighboring 01, 02 and o5 (relative to non-neighbors). However, there are now two neighbors,
o3 and o4, that will also benefit from the mine-to-coast infrastructure since such infrastructure
cuts through them. In general, landlocked destinations will use at least some of their neighbors
as transit. The probability that the mine-to-coast infrastructure reduces the cost of importing
from neighbors will thus be higher for these destinations. We therefore modify equation (2) by

adding a second line, which singles out landlocked destinations:

1+14

7y = In7og — ONog — ¢V yIn 4N,y — ¢ yIn 2 (1 — Ny) +
aq aq
mg m it
= pLaNoa = €= LaNoa = €7y In =8—La (1 = Noa) (3)

where Ly is a landlocked destination dummy, &V, ¥ € (0,1) are parameters that modify the
probabilities ¢V and ¢¥ for landlocked destinations. We hypothesise £V > ¢¥: the differential

probability that the mine-related infrastructure reduces the cost of importing from non-neighbors

10We add the term 6N,q to capture the fact that the cost of importing from neighbors may, in general, be
different from the cost of importing from non-neighbors.

1 The index I, is in the exponent because we expect a higher Inmy to have a larger impact when I is high.
Results are robust to using the alternative formulation In (mg/aq) ™.



and from neighbors is smaller for landlocked destinations than for coastal destinations.!?

Having constructed an expression for the expected impact of mine-related infrastructure on

transport costs (3) we can plug this back into our gravity equation (1) and re-arrange to obtain:

Inimp,;, =k —In7q + fo + fat+
+ B1Noa + BaNoaMg + 3 NoaAg + BalNoaMal 4+

+ BsNoaLq + BeNoaLaMa + BrNoaLgAg + BsNogLaMaly + Vg, (4)

where M, = Inmy and A; = lnag.'> * We have included all terms that in (3) do not depend
on bilateral variables in the destination fixed effect f;.!> Equation (4) is our main theoretical
equation. The variables contained in the first row are standard gravity variables, whereas our
coefficients of interest are (s, (4, f and fg. If equation (3) is true, we would expect (s, 54 < 0,
and g > 0.1 We do not, instead, have any reason to expect Bg # 0.17

In words, coastal destinations with more mines should import relatively less from neighbors,
since mine-to-coast infrastructure biases national transport costs in favor of overseas countries
(B2 < 0). This trade re-direction effect should be weaker for landlocked destinations (g > 0)
since in this case the mine-to-coast infrastructure will benefit trade with at least some neighbors.
Finally, the trade re-direction effect should be stronger in coastal destinations where the mine-
to-coast infrastructure overlaps more with the routes used by consumers to import from overseas
(B4 < 0).

One additional hypothesis is that we should only observe f; < 0, fg > 0 and 8, < 0 for desti-

nation countries that were decolonised relatively recently, among which are the African countries.

2In other words, it is ¢¥ — ¢V > ¢¥ + N — (N 4 £N).

3We could have treated Inmg/aq as a single regressor, instead of breaking it into Inmg and In ag. However we
prefer the latter specification because it is more flexible, and allows for an independent effect of area on trade with
neighbors. For example, larger countries could import more from neighbors simply because of longer borders.

14In the empirical analysis, we measure A4 as deviation from average, so that A; = 0 represents the case of a

destination country with average size.
1414 1414
Y That is, the terms ¢ v1In mgd and E¥yIn " —L,.
SThat’s because Sz = — (% — ") v, Bu = =67, fs = (¥ —€X)y
178 = —€¢M~. Based on the argument above, we have no reason to hypothesise ¢¥ # 0, since ¥ # 0
would mean that the mine-related infrastructure reduces the cost of importing from non-neighbors differently in

landlocked and coastal destinations.
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The transport infrastructure of these countries will be more heavily shaped by colonial transport
infrastructure, which according to critics was mostly designed to export natural resources. The
effect of mine-to-coast infrastructure should then be more visible in these countries, relative to
countries that have had the time to develop a more balanced transport network. To test for this
hypothesis we always run (4) separately for destination countries that were recently decolonised

and for African destinations.

3 The impact of the location of mines on import routes

Before introducing the data and our estimation strategy, we discuss in this section the aforemen-
tioned index in more detail.

We have hypothesized that the mine-related infrastructure will typically have a mine-to-
coast trajectory in developing countries and will thus reduce the cost of importing from overseas
countries more than from neighbors. For each mine in our data set we now construct a mine
impact index measuring the extent to which the related mine-to-coast infrastructure overlaps
with the route used by consumers in cities to import from overseas. As further discussed at
the end of this section, the index provides an exogenous source of variation that improves the
identification of our mechanism.

Our approach is to obtain from MapQuest’s online routing server the route of the shortest
road connecting the mine to its nearest coastal point, and to compare such a route to that of the
shortest route connecting each of the country’s main cities to the country’s main container port.'®
The index thus obtained offers a stylized interpretation of all potentially relevant geography, but
one that, in our view, provides the simplest sufficient approximation without having to resort to
a full cost-benefit analysis of all possible routes and transport modes.*’

Consider mine M in destination country d. Take a city C' in this country, as well as the
country’s main container port, P. We begin by asking MapQuest what is the shortest route

along roads connecting C' to P, CP. The city, port and shortest route connecting them are

B The procedure is explained in more detail in the Technical Appendix.

19To only consider main cities as population centers is admittedly restrictive. Notice, however, that many
imports directed to the countryside (or to smaller cities) are likely to be routed through distribution centers
located in big cities.

11



represented in each of the four panels of Figure 4. For illustrative purposes we have represented
C'P (and other road connections to be discussed below) as a straight line but this, of course, does
not need to be the case in the data. Now consider the mine-to-coast infrastructure associated
with mine M. We identify this by asking MapQuest what is the shortest route connecting the
mine to the nearest coastal point, S, and denote such connection by MS.2° We then construct
an index measuring the extent to which M S overlaps with C'P. Because P is the country’s
main container port, we expect most of the goods imported by C' from overseas countries to be
channeled through C'P. Our logic is that the more MS overlaps with C'P - the higher is the
index - the more the mine-to-coast infrastructure will reduce the cost for the country to import
from overseas countries.

Our proposed index for mine M is:

i:il*ig*i3, (5)

where:

MS+1 3¢ MS < MP

il _ MP+1 (6)
1 if MS>MP

[ s gp<cp

2= MP+1 @
JPEL if  JP < CP

i3 _ CP+1 (8)

1 it JP>CP.

The mine impact index is the product of three distinct terms, all ranging between 0 and 1.2

The first term, ¢;, compares the length of M S to the length of the shortest route connecting M
to P, M P, and captures the probability that the mine uses P to export. The term is high when
S is close to P or when S is far from P but MS still follows a large share of M P. In other

words, 77 is high when M is naturally positioned to use P as a shipping port. It may also be high

20For landlocked destinations, both S and P will be located in a different country.

V2xJP+1
52 TP and 1.

21The term i actually ranges between

12



if M is not naturally positioned to use P yet the actual mine-to-coast infrastructure overlaps
with M P. Figure 4 provides an example. The figure contains four panels, each representing a
mine, its mine-to-coast infrastructure (in blue) and the shortest route connecting the mine to P
(in red). The term ¢; is low (0.3) for mine M;. That is because this mine is located faraway
from P and close to the coast and is thus naturally positioned to use a different coastal point
as a shipping port. In the example the mine-to-coast infrastructure for this mine is completely
separate from P, suggesting that it is likely that the mine uses a dedicated port. Next, consider
mine M,. This mine is also faraway from P. However, our MapQuest query reveals that the
actual mine-to-coast infrastructure for this mine passes through P; there is apparently no road
connecting M to S directly. The term ¢; is then high for mine M,. Finally, i, is also high for
mines M3 and M, since S is close to P for both: they are both naturally positioned to use P as
a shipping port.

The second term, i, compares the length of M P to the length of the shortest road connect-
ing M to P, passing through point J. This is defined as the junction between C'P, and the
perpendicular coming from M. The term 5 is high when M P passes “close” to C'P: this term
captures the probability that some part of C'P is used by the mine. In other words, it is high for
a mine whose shortest connection to P is on the same axis as C’s shortest connection. Compare
mine M; to mines M3 and My. As discussed earlier, these mines have all a high 7, since their
mine-to-coast infrastructure passes through P. However, mine M, has a relatively low value of
io (0.6) while M3 and M, have a high value (1): that is because M, is located far from the axis
of C'P, whereas M3 and M, are located right on it.

Finally, the term ¢3 compares the length of JP to that of CP. This term is high for a mine
whose shortest connection to P is not only close to C'P but also overlaps with a large share of it.
Compare mines M3 and M. These mines have both a high iy since they are both close to C'P.
However i3 is relatively low in the former (0.7), while it is high in the latter (1). This can be
explained with the fact that Mj3 overlaps with only a portion of C'P, whereas M, overlaps with
all of it.

Putting things together we see that the overall index is highest (1) for mine M, and lowest

for mine M; (0.08). This is because the mine-to-coast infrastructure of the former perfectly

13



overlaps with C'P, whereas that of the latter does not overlap with it at all. The index takes
an intermediate value (0.70 and 0.42) for mines M3 and M, whose mine-to-coast infrastructure
overlaps partially with C'P.

Based on the index ¢ for each mine-city combination, we sum all ¢ with city population
weights?? and divide by the sum of all weights to arrive at a national iy which is bounded by
0 and 1. Figure 5 provides an example based on actual data points (see the next section for
sources). For each of four African countries, the figure reports the location of mines, main cities
and main container port.?* The top pair of countries (Mozambique and Egypt) receive a low
value of the index, whereas the bottom pair (Cameroon and Ghana) receive a high value. That
is because, in the former pair, the mines are located faraway from city-port corridors and are also
relatively close to the sea. Furthermore, MapQuest reveals that roads are in place (not shown
in the figure) that quickly connect the mines to the coast. In contrast, mines in Cameroon and
Ghana are located close to city-port corridors and their mine-to-coast infrastructure is revealed
to overlap substantially with such corridors. Within both pairs, the country on the right has
more mines than the country on the left. However, because the bottom pair have a higher value
of the index we would expect the trade re-direction effect of mines to be stronger for Ghana
compared to Cameroon, than for Egypt compared to Mozambique.

Having calculated the index 74, we then take a discrete version of it, I;, and use this as a our

mine impact index:?*

I, =0 if iy below average
(9)

I, =1 if iy above average.

22That is, we implicitly assume that the share of national imports each route represents is proportional to the
population size of the city.

23For illustrative purposes only, we have reported the closest coastal point to the midpoint of mines, and not
the various mine-specific S that we use in the computation of the index.

24 Although it is possible to work with ig directly, we found that this did not lead to meaningful results.
This probably means that our approximation is not accurate enough, for example because it omits some other
relevant feature of geography or because of variation in the modes of transport of different goods in different
countries. However, without other priors on how to measure the true impact of the location of mines on city-port
infrastructure and total imports, we choose to split the sample into two groups: those with a ‘high’ score, and
those with a ‘low’ score of i4. The index I; is then attributed value 1 when 74 is above the average, value 0 when
it is below. It is unlikely that these two groups would change composition much by choosing a different definition
of i4. For example, we indeed find that the results based on the indicator are robust to changing the population
weights from 1950 to the year 2005.
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We improve on the identification of the effect of mine-to-coast infrastructure on trade, by
constructing the index from an exogenous source of variation in the placement of mine-to-coast
infrastructure: The location of mines depends largely on geology, which is exogenous. One may be
concerned that the location cities, however, is not completely exogenous to the location of mine-
to-port infrastructure. Moreover, mine location may depend also on non-random exploration
efforts. For example, interior-to-coast infrastructure may have initially been placed to serve
military needs, or for the extraction of the deposits of natural resources that were randomly
discovered first. Subsequently, additional mines may have opened close to this infrastructure if
exploration efforts concentrated around these routes and cities may have developed faster along
the same route. Furthermore, neighboring countries that were already less inclined to trade with
each other may have only invested in trade routes with overseas countries, leading to interior-
to-coast infrastructure that again may have been followed by exploration efforts and city growth
close to the initial infrastructure.

We deal with these issues in the following ways and argue that our index is not likely to suffer
from this source of endogeneity bias. First, even if exploration efforts concentrate on areas close
to pre-existing infrastructure, it is still a matter of geology whether additional deposits exist,
making the number of mines discovered random. Second, we weigh by 1950 population of cities.
Most colonial powers limited internal migration (O’Connor, 1983). Such bans were only lifted
after independence, which happened after 1950 for 80% of former African colonies. Third, we
control for “same empire” dummies (see the next section for more details) to capture the military
motives for the layout of infrastructure.?> Fourth, we control for a wide range of trade costs,
which controls for the baseline probability of trade that is unrelated to mines and thus for the

incentive to build cross-country infrastructure between neighbors.

4 Data

To estimate the effect of mine-related transport infrastructure on trade we need bilateral trade

flows between as many countries as possible as well as a measure of mine-related transport

25 Arguably, the military need for interior-to-coast infrastructure was weaker in colonies that bordered with
other colonies of the same coloniser.
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infrastructure. For trade, we rely on the UN Comtrade database which reports all known bilateral
trade flows between countries in the world based on the nationality of the buyer and seller.?6 We
measure the value of trade at the importing country and use the 2006 cross-section, which should
cover more countries (particularly for Africa) and be of better quality than historical data. Even
for this recent year, we find that out of 49,506 (223 by 223-1) possible trade flows only 57% are
positive, while the other observations are coded as missing in Comtrade. Within Africa, there
are 55 by 54 possible trade flows of which we observe 60%. Our typical regression will be able
to include around 24,000 observations.

For mine-related transport infrastructure, we first of all need data on the number of active
mines in each country (M,). This is provided by the US Geological Survey’s Mineral Resources
Data System (MRDS)?", giving us both the number and the location of mines (used for point
M in Figure 4). The full database contains 305,832 records, but after extensive cleaning we are
left with 20,900 mines.?® Within this selection of mines 66% are located in the US, whereas the
remaining 7,122 mines cover 129 countries.?’

To calculate the mine impact index, we also need the point on the shoreline nearest to each
mine (point ), for which we rely on the “Global Self-consistent, Hierarchical, High-resolution
Shoreline Database” (GSHHSD) provided by the National Oceanic and Atmospheric Adminis-
tration (NOAA).*® The location and population of each country’s main cities (point C') is taken
from the UN’s “World Urbanization Prospects” database of urban agglomerations with at least

750,000 inhabitants in 2010, to which we add hand collected city coordinates. We choose the

268ITC Rev. 2, downloaded on Oct 30th, 2009.

2TEdition 20090205. Source: http://tin.er.usgs.gov/mrds/.

280ur empirical strategy requires that we focus on mines that were active in 2006 (or ceased activity not too
long before then, since for these mine-related infrastructure will still be in place), and for whom we know the
location. We thus drop the following records: OPER TYPE is processing plant or offshore; PROD SIZE is
missing, small, none or undetermined; WORK TYPE is water or unknown; YR LST PRD was before 1960; DEV
STAT is prospect, plant, occurrence, or unknown; SITE NAME is unnamed or unknown; and mines for which
the coordinates fall outside their country’s mainland.

29Some countries appear to have no mines. Based on the notion that the existence of subsoil assets - and
therefore mines - depends mostly on geology (which is essentially random), we add one unit to the count variable
of the number of mines, to prevent selection on a sample with only non-zero mines. The second rationale for
doing this is that it is unlikely that any country truly has no mine at all, while it is probably due to random
measurement error that some mines do not appear in the MRDS data. In the Online Appendix we show that
this does not affect our main results.

30nttp://www.ngdc.noaa.gov/mgg/shorelines/gshhs.html
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earliest available figure for population (1950), because current population sizes may have been
influenced by infrastructure itself.>! The location of the country’s main container port (point P)
is derived from the “World Port Ranking 2009” provided by the American Association of Port
Authorities (AAPA) and Maersk’s website, to track the port used by Maersk Line - the world’s
leading container shipping company - to import a container from Shanghai into the country’s
capital. Finally, information on the length and route along roads connecting all of these points is
obtained by sending pairs of coordinates to MapQuest’s online routing server.*? Since calculating
the distances along roads needed for the index is computationally intensive, we only calculate
indices for former colonies and Africa. We elaborate on the details of these procedures in the
Technical Appendix.?® We calculate country d’s overall mine impact index, i4, by aggregated
up from all possible mine-city-port combinations within the country. These individual indices
are summed with 1950 city population weights such that larger cities add relatively more to the
aggregate index.

Table 1 reports the top countries according to the number of mines in combination with
the mine impact index i4.%* The US is clearly over-represented while China is probably under-
represented. The table also shows that there is little correlation between the number of mines
and the extent to which the mine-to-coast infrastructure overlaps with the infrastructure used

35 For example, Canada has many

by consumers to import from overseas (measured by i4).
mines but these are too remote to affect city-port corridors much. In Australia the mines are
so far from cities that they most likely have dedicated ports which cannot easily be used for

imports by cities. In contrast, Zimbabwe has fewer mines, but these are much closes to city-port

31Results are robust to using current (2005) population.

320ne could be tempted to use railways to measure distances, but a database of railways provided by Vmap0
(www.mapability.com) shows that 86% of rail kilometers in Africa connect to roads, while the remaining 14%
have a road within 1 km at the median. Moreover, railways tend to be in poor shape and are not likely to be the
main mode of transport in all cases. Since we rely on distances rather than travel time (which requires data of
much higher quality) we focus on roads here.

33We defend the use of current infrastructure to measure distances in the Online Appendix. We use data from
the International Road Federation to show that the average African country, which had only 34,000 kms of roads
and 4,000 km of paved roads in 1963, built only an additional 12 and 6 thousands by 2006. Africa built much
fewer roads than non-African countries. This is robust to controlling for other determinants of road building,
such as land area, initial income, and the initial stock of roads.

34The top three products are gold, sand & gravel, and copper. Other heavy ores such as iron and aluminium
(bauxite) rank seventh and eighth and each represent 3% of all mines.

35The correlation is -0.20, but not significant at 95% confidence.
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corridors. The average value for the index iy is 0.49 for former colonies and 0.61 for Africa.
We therefore categorize African countries with iy > 0.61 as those where city-port corridors are
affected by mining, I; = 1 (such as South Africa), and those with iy < 0.61 as those where
city-port corridors are not affected by mining, I; = 0 (such as Egypt).

Table 2 shows, for major groups of countries, summary statistics on the number of mines
and the mine impact index, both in its continuous and discrete version (iy and I;). Landlocked
countries, from which the shipping costs to export resources are much higher, tend to have fewer
mines, but the mines in these countries tend to affect city-port corridors more (although this is
less clear when we collapse the index into a dummy). The table also shows that Africa does not
have so many mines even though many African countries depend on natural resource production.
However, the index value is high in Africa suggesting that mines may have a large influence on
the transport costs between ports and cities.

We always control for a broad set of standard determinants of trade costs, taken from Head et
al. (2010). These are In distance, the natural log of distance between countries; Shared language,
a dummy equal to one if both countries share a language; Shared legal, a dummy equal to one
if both countries share the same legal origin; ColHist, a dummy equal to one if both trading
partners were once or are still (as of 2006) in a colonial relationship; RTA, a dummy equal
to one if both trading partners belong to a regional trade agreement; Both WTO, a dummy
equal to one if both are members of the WTO; Shared currency, a dummy equal to one if they
share a currency; and ACP, which is a dummy equal to one for trade between EC/EU countries
and members of the ‘Asia—Caribbean—Pacific’ preferential tariff agreement for former European
colonies. In addition, we construct controls for Shared emp, one colonizer and Shared emp,
none colonizer which are dummies equal to one if the bilateral trade partners were once part
of the same empire. We interact each of these two variables with the neighbor dummy. The
former captures the possibility that one of the countries was the colonizer and the latter the
possibility that neither was the colonizer. Such empires often strived to connect colonies by
building infrastructure between them.

To construct the empire dummies and to be able to split the World sample of countries into

African destinations and former colonies, we need to define colonies. We start from the definition
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by Head et al. (2010) who consider a former colony a country that was colonized and obtained
independence after 1900. This seems an appropriate definition for our purposes since we do
not expect colonial investment to still matter in countries that became independent too long ago
(such as the USA); and since the Dependency School argument on interior-to-coast infrastructure
was mostly made for countries that were colonized after the mid 19th century with the advent
of railroad technology. We further refine the definition by Head et al. (2010) by excluding those
countries that were only colonized by a neighbor since we do not expect colonial infrastructure

to have an interior-to-coast shape in those cases.3°

5 Results

Our central interest in this section is to investigate whether or not equation (4) holds because
equation (3) holds. In other words, we want to investigate whether or not mines reduce relative
imports from neighbors because of mine-to-coast transport infrastructure. This is not an easy
task, since, not observing 7,4, we cannot test for equation (3) directly. Fortunately, the rich
structure of equation (4) helps us in this task. It is not easy to imagine many reasons - other
than mine-to-coast infrastructure - why mines should reduce relative imports from neighbors in
coastal destination (s < 0), but less so when the destination country is landlocked (5 > 0),
and more so when the observed mine-to-coast infrastructure overlaps substantially with city-port
corridors (84 < 0). We test for these three predictions in sections 5.1, 5.2, and 5.3 respectively,
always controlling for a rich set of determinants of trade flows, where we follow the standard
estimation of a gravity model of trade with destination and origin fixed effects. All variables
therefore capture trade costs that are specific to each bilateral trade flow.

Throughout this section we separately estimate equation (4) for former colonies and African

destinations.

36For robustness, we have run all our specifications using both the broader Head et al. (2010) definition, as
well as a third, even narrower definition. See Technical Appendix A.2 for further details.
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5.1 The trade re-direction effect of mines

Our baseline specification is a simplified version of equation (4), where we do not distinguish

between coastal and landlocked destinations, and abstract from the mine impact index:

Inimp,; =k —In1yg + f, + fat

+ B1Nog + B2NoaMy + B3NogAd + Vod,

and we expect f < 0. Our results are reported in Table 3, columns (a) to (e). For a world
sample of bilateral trade (column a) we find the usual determinants of trade: it decreases in
distance and increases in country-pair characteristics that make trade easier such as a common
language, legal origin, a former colonial relationship, membership of regional trade agreement
and the WTO, sharing a currency and membership of Asia-Caribbean-Pacific (ACP) treatment
of imports into the European Union. For our main variables of interest, N,q, NogMy and N,yAq,
we find the standard result that a country imports much more from its neighbors than from its
non-neighbors (Nog). NogAg is the interaction between the neighbor dummy and the log of the
deviation of a country’s land area from the mean. It is zero for the average country and increasing
in destination land size. It controls for the possibility that larger countries (with long borders)
trade more with neighbors and that such large countries may also have more mines. The former
is indeed what we find. Nevertheless, the neighbor effect on trade is significantly decreasing in
the number of mines in the destination country (N,qMy), which cannot be explained by country
size. We refer to this effect (82 < 0) as to the trade re-direction effect of mines.

Figure 6 summarizes this relationship. The figure plots the marginal effect of being neighbors
on trade as a function of the number of mines in the destination country, for a country of average
size in terms of land area (A; = 0). As we increase the number of mines, the marginal effect
of N,q decreases, to the extent that a country of average size with more than 3 (= exp(1.099))
mines does not import significantly more from its neighbors than from non-neighbors. In the
extreme case of the US, which has the largest number of mines in the sample - but also has the
fourth largest land area - we even find a significant negative marginal effect of N,4 if we add the

positive effect of its land mass. Our results hold if we exclude this extreme case (column b of

20



Table 3). Because countries with a larger number of active mines will have a larger and better
stock of mine-to-coast infrastructure, this is prima facie evidence in favor of our main hypothesis
that countries with more mine-to-coast infrastructure import relatively less from neighbors.

Our additional hypothesis is that the trade re-direction effect of mines should be more visible
in former colonies and in Africa. This is because the transport infrastructure of these countries
will be more heavily shaped by colonial transport infrastructure, which in turn was mostly
designed to export natural resources. When we split the sample in former colonies and non-
colony destinations (columns ¢ and d), we find precisely this result. Only former colonies import
significantly less from neighbors, although this is not significant for the average country in Africa.
However, because the interaction is between a dummy and a continuous variable, the coefficient,
its variance and the covariance between N, M, and N,; determine a range for which also the
African countries do not import significantly more from neighbors. Conditional on relative
country area, this occurs if they have more than 6 mines.

Part of the explanation for the negative effect of mines on trade with neighbors could be
that countries with mines and higher natural resource export revenues start importing more
sophisticated products through an asymmetric income effect on consumption. On average, such
goods will be produced in countries that are not neighbors, or at least from the perspective of
many former colonies. Therefore, in columns (f) to (j) we additionally control for interactions
of the log of the deviation of GDP per capita from the world average in the destination (yg),
and the origin country (y,), with the neighbor dummy. As expected, N * gy, enters significant
and negative. Controlling for distance and trade costs, wealthier countries import relatively less
from neighbors; an effect that is stronger among former colonies and African countries. However,
this does not completely explain away the negative effect of mines. Colonies with more than 58
mines still trade significantly less with neighbors at the 95% confidence level, as illustrated by
Figure 7.37

For the Africa sample we do not find a significant N,yM, term. However, looking at the

illustrative maps of infrastructure in Africa suggests that the average trade re-direction effect may

37Even taking into account the fact that countries in this sample of colonies are somewhat poorer and larger
than the average country in the world does not change this conclusion qualitatively. The sample means of A4, yq4
and y, are respectively: 0.19, -0.19, and 0.24, which causes the line to shift up somewhat.
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be weaker in Africa because many destination countries are landlocked. Furthermore, the trade
re-direction effect may depend explicitly on the extent to which the mine-to-coast infrastructure

overlaps with city-port corridors. This will be examined in the next two sections.

5.2 Coastal versus landlocked destinations

The regressions in Table 3 estimate the average trade re-direction effect of mines for both land-
locked countries and coastal countries simultaneously. However a landlocked country has to
transit through some of its neighbors to import from overseas. This suggests that, it the trade
re-direction effect of mines is due to mine-to-coast infrastructure, it should then be weaker in
landlocked destinations, since the mine-to-coast infrastructure will also benefit some “transit”
neighbors. Africa has many such transit relationships. For example, Uganda’s main roads and
railway cross Kenya to reach the sea: but then these should decrease the cost of importing from
Kenya, and to a lesser extent also from overseas countries. We test this using the following more

general specification:

Inimp,;, =k —In7,q + fo + fat+
+ B1Nog + BoNoa Mg + B3 NogAg+

+ BsNoaLq + BsNoaLaMg + B7NoaLgAg + Vod, (10)

where we expect [y < 0 and g > 0. N,qL4 captures the average effect of being landlocked on
trade with neighbors. If our mechanism is true, then we expect this effect to depend positively on
the number of mines in the landlocked country, such that dIlnimp/0N,qLsM; > 0. Controlling
for the effect of landlocked countries, we should still find a negative effect of N,;Mj.

The results are presented in Table 4.3 Again, we find that a higher number of mines re-
directs trade away from neighbors, to the extent that the positive marginal effect of neighbors
may disappear for a high enough number of mines, but again this does not hold in the sample

of non-former colonies. Compared to the results in Table 3, we now find a more significant re-

38We do not report the controls listed in Table 3 from now on, although these are always included in the
regressions.
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direction effect of mines on trade with neighbors in coastal countries in both the colony and the
Africa sample. However, and in line with our hypothesis, we find for the colony and the African
sample strong evidence that landlocked countries with more mines trade more with neighbors. In
the last two rows of Table 4 we summarize the marginal effect of mines on trade with neighbors
for landlocked (Ly = 1) and coastal (Ly = 0) countries separately. Only for the African continent
we find for landlocked countries a significant positive effect of mines on trade with neighbors.?”
As expected, we find in terms of equation (10) that 5y < 0 and fg > 0. It is hard to explain
why landlocked countries with more mines import more from neighboring countries if not for the

infrastructure channel we propose.°

5.3 Does the location of mine-to-coast infrastructure matter?

The previous two sections found evidence in favor of our main hypothesis that mine-to-coast
infrastructure biases transport costs in favour of overseas countries, reducing relative imports
from neighbors. So far, however, we have implicitly assumed that all mine-related infrastructure
overlaps in the same way with city-port corridors, the route used by consumers to import from
overseas. This is not necessarily true for mines that export through dedicated ports, for example
when they are located close to the coast but far away from the country’s main port. Australia

is one example of a country with dedicated ports for the export of minerals. Controlling for the

39The effect may seem large, but this can easily be rationalized. First, the infrastructure connecting the land-
locked country to a transit neighbor improves 100% of the route, whereas it only improves a small percentage of
the route connecting the landlocked country to overseas countries. Second and third, the mine-to-coast infras-
tructure also improves the domestic infrastructure of the transit country (whereas it does not affect the domestic
infrastructure of overseas countries), and it does so in a very specific way (along the route that heads for the
landlocked country). The latter two factors are likely to be particularly important in the case of Africa, where
transportation infrastructure is, in general, extremely poor.

40We are agnostic about which neighboring country of a landlocked country is the transit country, since this may
depend on the type of imports and may be endogenous to the number of mines. Results available on request show
that the mechanism is smaller and less precisely estimated for an indicator specifying for each landlocked country
one neighbor as its transit partner (based on Maersk container shipping routes). Further adding cross-country
railway connections (which are always accompanied by roads) to identify multiple possible transit countries yields
a more significant, but also a somewhat smaller effect. We suspect that countries with more mines build more
transit connections to avoid hold up, and are able to do so because they have the financial means. Restricting
the indicator to one — hard to identify — transit country will thus bias our estimates downwards. Finally, for
landlocked countries we checked whether the origin of their imports was mostly one of its (transit) neighbors,
which could be due to repackaging at the transit country or the result of an accounting error. However, by far
the largest share of imports into landlocked countries has non-neighbors as its country of origin.
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location of mines within a country and their related mine-to-coast infrastructure should help us
separate mines into those that affect city-port corridors, and those that do not.

We then move to estimating our full specification (4), which we report here for convenience:

Inimp,;, =k —In7q + fo + fat
+ B1Noa + BaNoaMg + S3NoaAg + BalNoaMal 4+

+ BsNoaLq + BeNoaLaMa + BrNoaLgAq + BsNogLaMaly + Vg, (11)

where we expect (3 < 0, 84 < 0 and fg > 0. The mine impact index I, is constructed using the
geographical location of mines and the related mine-to-coast road infrastructure. It measures the
extent to which the observed mine-to-coast infrastructure overlaps with the country’s city-port
corridors, and thus its potential to re-direct trade in favor of overseas countries. If the trade
re-direction effect of mines is stronger in countries with a high value of the index (8, < 0), then
this effect must be due to mine-to-coast infrastructure. Furthermore, the index provides us with
an exogenous source of variation in the placement of mine-to-coast infrastructure, that helps us
identify the impact of mine-to-coast infrastructure on trade.*!

Results are reported in Table 5. To interpret the coefficients on the multiple interactions, we
proceed by calculating the marginal effect of My on imports from neighbors, and look at how
this depends on the value of the index, I;, and on the landlocked status, Lg.

By setting N = 1, we focus on imports from neighbors. Due to the triple interaction between
Noq, My and 1, the size of the marginal effect of My, and its significance, will depend on the
mine impact index I, and through NyyLqMy and N,qLsMgl,, also on the landlocked status. As

explained before, we calculated distances along actual roads using MapQuest’s online database

“IWe do not include the term N,qlg and N,qLgl4 in our regressions for the following two reasons. On the one
hand, there is no clear theoretical reason to include it. In fact, to do so would be equivalent to hypothesizing
that the geographical location of mines - in the very specific sense implied by the index I; - matters, per se -
that is, independently on the number of mines - for how much a country trades with its neighbors. We consider
this to be unrealistic. On the other hand, this term may soak up much of the variation in Myl; in our Africa
sample. We feel that this strategy improves interpretation, and estimation because it economizes on the degrees
of freedom. In results available on request we show that including the index I; without interactions with My
shows that high index countries import significantly less from neighbors: this is because the index can only be
positive for a positive number of mines. Furthermore, including all possible interactions yields the result that
neither Nyqly nor N,qL4l; are significant.
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to construct the index. Because the number of routing requests one can send to the servers are
limited per day, this took a long time to achieve, which is why we focus on the colony and the
African sample. If our mechanism holds, then we should find evidence that the index matters,
and mostly in these two samples.

To facilitate interpretation of the estimated coefficients, we provide the marginal effects of
mines on trade with neighbors in the last four rows of Table 5, for each of four cases: landlocked
(Lq = 1) and coastal (Lg = 0) countries, and countries where the index suggests that the location
of mines improves connections between cities and ports (I; = 1) and countries where this is not
the case (I; =0).

Column (a) in Table 5 reports the results for countries that were former colonies.*?> The
coefficient for N,;M, suggests that countries with more mines import relatively less from neigh-
bors, confirming the main result. However, in this specification this coefficient only captures
the effect for average coastal countries where mines do not necessarily affect city to port infras-
tructure (Ly = 0 and I; = 0). For example, letting Ly = 1 shows that this effect is overturned
for landlocked countries. In that case the marginal effect is 0.180 and insignificant. We also
find evidence that the marginal effect of mines on trade with neighbors is negative for countries
where the exogenous location of mines is such that they influence the infrastructure between
cities and the main container port. The coefficient is negative (-0.306), although only significant
at a confidence level of 82%. For landlocked countries, trade costs also decrease with neighbors
used for transit, explaining the reversal of the sign of the marginal effect of M.

In column (b) we find an even stronger pattern for African destinations. In fact, we find in
terms of equation (11) the expected signs: s < 0, B4 < 0, and fg > 0. First, we find that coastal
countries with mines that are remote from cities and ports do not trade significantly less with
neighbors (Ly = 0 and I; = 0). Most likely, such mines have dedicated ports that do not affect
the costs of importing goods to cities through the main container port. In contrast, we find a
significant and more negative effect of mines on trade with neighbors in coastal countries where

the mines are likely to affect such port to city infrastructure (Ly = 0 and I; = 1). The reason

42Results are robust to allowing for two-way non-nested clustered standard errors on importers and exporters
using the method proposed by Cameron et al. (2011). Overall, we conclude that controlling for importer and
exporter fixed effects in a cross-section of bilateral trade absorbs most of the relevant shocks.
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is that in these countries, the mines are positioned in such a way that the associated mine-to-
coast transport infrastructure improves existing trade routes between cities and ports, causing
a large decline in trade costs with overseas countries relative to trade costs with neighbors. For
landlocked countries, we find again the opposite sign. Moreover, consistent with the theoretical
expectation that g may be zero, we find no effect of the index in landlocked countries. There
may be few transit connections from landlocked destinations to the coast forcing all goods to
take this route, irrespective of where mines are located in the landlocked country. In other words,
it is unlikely that any mines in landlocked countries have dedicated ports.

Overall, Table 5 presents consistent evidence in favor of our hypothesis. Mines decreases
trade costs in an asymmetric way: trade costs with the rest of the world decline relative to trade
costs with neighbors, which, possibly due to a colonial legacy, is most apparent in former colonies

and in Africa and could provide an explanation for limited intra-African trade.

5.4 A falsification test: mines versus oil and gas fields

In the previous three sections, we have used the number of mines as a proxy for the stock of
mine-to-coast infrastructure. A potential problem with this proxy is that mines could have an
asymmetric effect on the way countries spend their income, over and above the symmetric income
effect which is controlled for by origin and destination dummies, and the asymmetric income effect
controlled for by the interaction between income and the neighbor dummy. For example, if for
given income, countries with more mines spend disproportionately more on luxury goods which
they purchase on world markets rather than on neighboring markets, this would lead to a trade
re-direction effect very similar to the one we find. Alternatively, we could be picking up the fact
that for given income, countries with more mines import more mine-related machinery, which
they also tend to purchase on world markets. Even though these alternative channels cannot
explain the fact that the trade re-direction of mines is very different in coastal versus landlocked
destinations (section 5.2), nor that the location of observed mine-to-coast infrastructure also
matters (section 5.3), one may still worry that they may be driving our results.

A natural falsification exercise is to investigate whether oil and gas fields have a similar
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trade re-direction effect to that of mines.*® While the asymmetric expenditure channel and the
possibility that mining equipment is imported from world markets should both be at play for oil
and gas fields, the infrastructure channel should not. To see why, recall that the infrastructure
channel relies on the assumption that the mine-to-coast infrastructure can be used not only to
export the minerals but also to import a broad set of commodities. But while metals and other
non-hydrocarbon minerals are mostly transported through roads and railways, oil and gas are
mostly transported through pipelines. Clearly, the former may also be used for imports, while
the latter cannot.** Thus, if the trade re-direction effect is due to those alternative channels, it
should be there for both mines and oil and gas fields. If it is due to mine-to-coast infrastructure,
on the contrary, it should be there for mines only.

We extend our regressions in Section 5.1 with a measure of oil and gas fields. We use data
from Horn (2003), who reports 878 on- and offshore oil and gas fields with a minimum pre-
extraction size of 500 million barrels of oil equivalent (MMBOE), including year of discovery
from 1868-2003, geographic coordinates and field size measures. This data set builds on previous
data sets (e.g. Halbouty et al. 1970), and attempts to include every giant oilfield discovered
around the world. Oil, condensate and gas are summed, with a factor of 1/.006 applied to convert
gas trillion cubic feet to oil equivalent million barrels. We define OG, as the log of the number
of fields plus one, similarly as we did for mines. The top-5 countries with oil and gas fields are
Russia, the United States, Iran, Saudi Arabia, and Nigeria.

Results are reported in Table 6, where the main regressions of Table 3 are augmented with
the neighbor dummy interacted with OG,. Note that in columns (a) to (e) we control for all
control variables except the interaction between income and neighbor. We still pick up a negative
effect of mines on trade with neighbors in the World sample, and a smaller and less significant
effect in the non-colony sample, while the largest significant effect shows up in the colony sample.

The coefficient is negative and significant for Africa with 89% confidence. However, we now also

43In an earlier version, we additionally analyzed the impact of mines on imports from countries that, while not
being neighbors, are still part of the same region of the destination country. If our results were driven by one of
the alternative channels, then a mining country should be importing relatively less not only from neighbors, but
also from other, non-neighboring African countries (since African countries typically do not export sophisticated
machines). This is not borne out by the data, supporting our hypothesis.

44Pipelines may have an effect through the construction of maintenance and access roads, but we expect this
to be small.

27



find a significant trade re-direction effect of oil and gas fields in columns (a) to (e). While this
seems to contradict our hypothesis, the negative coefficient on both N, M, and N,,OG, could
be explained by an asymmetric income effect on imports from neighbors. Therefore, in columns
(f) to (j) we control for the interactions between income and the neighbor dummy.*®

The difference between regressions (a) to (e) and (f) to (j) is striking. Controlling for the
asymmetric income effect explicitly, we no longer find a significant effect for oil and gas fields.
The wealth associated with hydrocarbon extraction may well be associated with an asymmetric
income effect that leads to more imports from world markets; in fact, controlling for this explains
away the negative interaction of oil and gas fields. However, controlling for the asymmetric
income effect does not explain away the negative interaction of mines. The coefficients are
somewhat smaller, suggesting that an income effect is also present for mines, but they are still
negative and significant for the world samples and the colony sample. The fact that mines remain
significant in columns (f) to (j) but oil and gas fields do not, is strong additional evidence in

support of the infrastructure hypothesis, and against the alternative channels described above.

5.5 Alternative measures of mine-to-coast infrastructure

Our main measure of the stock of mine-to-coast transport infrastructure is the number of mines,
because more mines require not only more infrastructure, but also infrastructure of higher qual-
ity. For example, roads and bridges need to be strong enough to transport a higher tonnage of
goods. Similarly, railways require a wider gauge and lower gradient, and cars with a longer wheel-
base (and thus fewer curves). Nevertheless, in this robustness exercise we test three alternative
measures of the stock of mine-to-coast road infrastructure.

First, if infrastructure is a fixed investment and does not depend on the number of mines,
we should include only a dummy equal to one for countries with a positive number of mines.
Our results are robust to using this measure as shown in columns (a) and (b) of Table 7, which

compare directly to the marginal effects estimated in Table 5.

45Since the data on oil and gas fields also includes the field’s pre-extraction size in millions of barrels of oil
equivalent, we also experimented with redefining OG as the log of one plus the volume of reserves in the country.
This led to qualitatively identical results. However, pre-extraction field size is probably only a rough measure of
current field size.
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Second and third, a more direct measure of the stock of mine-to-coast infrastructure may be
the distances along actual roads between mines and the coast or the main port in km, which
we sum across all mines by country. A country without mines has zero mine-to-coast road km,
while a country with many mines has potentially many mine-to-coast road km, especially if the
mines are located inland. The results, summarized in terms of marginal effects, are displayed
in columns (c) to (f) in Table 7 where M, (the log of the number of mines+1) is replaced with
two versions of our mine-to-coast road km measure. To control for the location of mines relative
to the coast or to cities, we also include the index interactions. Columns (c¢) and (d) measure
mine-to-coast road km as In(d ", min(MS;, M P;) + 1), where MS; is the road distance in km
between each mine j and its closest point on the coast, and M P; is the road distance in km
between each mine and the main port. We take the minimum of the two to capture the idea that
it MS; < MP;, then the mine may use a dedicated port rather than the country’s main port.
We add 1 to the sum before taking logs to be able to include countries which according to the
MRDS database have no mines. The sum itself captures the idea that even if two mines use one
road, we expect the road to be of better quality. For example, heavier traffic requires stronger
roads and bridges. In columns (e) and (f) we alternatively measure mine-to-coast road km as
the sum of M P; only.*0 The results are very similar to the first two columns, suggesting the the
number of mines is a good approximation of the total number of mine-to-coast road km used by
these mines. We choose to keep the number of mines as our preferred proxy because it is, due
to the MapQuest server limit, prohibitively time consuming to calculate along-road distances for
the non-colony sample.

Finally, we provide various further robustness checks in the Online Appendix. In particular,
we run two-step and PML regressions to estimate both the external and internal margin of trade
and control for possible selection bias, and re-run our regressions after dropping all countries
that are reported as having zero mines. Our main results turn out to be robust to all of these

alternative specifications.

46The partial correlation between My and the first measure of mine-to-coast road km (controlling for GDP per
capita, area, and landlockedness) is 81% and a simple regression (not shown) suggests that a doubling of the
number of mines leads to 90% more mine-to-coast road km.
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6 Discussion

We have shown that coastal countries with more mine-to-coast infrastructure import relatively
less from neighbors, while the opposite happens in landlocked countries. This effect is stronger
when the mine-to-coast infrastructure overlaps more with the routes used by consumers to import
from overseas. Furthermore, the effect is only evident in former colonies, and is particularly
strong Africa. We now discuss the interpretations and implications of our results. We begin by
discussing the welfare implications. Next, we discuss the possibility to attribute the pattern that
we have uncovered to colonial heritage. Finally, we use our results to critically assess the recent

surge of Chinese infrastructure investment in Africa.

6.1 Welfare implications

Our results are supportive of the notion that interior-to-coast infrastructure in coastal countries
penalises regional trade, at least in relative terms.?” However, we cannot draw precise welfare
implications. To do so, one would require strict randomness in the placement of infrastructure.
Furthermore, to argue that a certain structure of transport costs is not optimal one would need
to estimate a rich quantitative model of transport infrastructure, trade and growth, and use that
to compare the status quo to the relevant counterfactual. While an interesting avenue for future
research, such an analysis is beyond the scope of this paper. However, we have good reasons to
hypothesise that an interior-to-coast structure of transport costs is suboptimal.

As we argue further below, current and colonial transport infrastructure are strongly cor-
related in Africa and there are good reasons to suspect that the latter was not designed to
maximise colonial welfare. In practical terms, more connections between the interior and the
coast in destination d means that industries in its neighboring country o that export to d will
be at a greater disadvantage compared to other overseas exporters to d. These dynamics risk
damaging industries such as simple manufacturing, that in Africa may only be able to take off
by serving domestic and regional markets, and that are typically seen as key to spurring genuine

non resource-based growth in Africa (e.g. Collier and Venables, 2010). In unreported results, we

4"Because all our regressions have destination fixed effects, the negative effect on imports from neighbors is
always relative to total imports from all other countries.
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conduct a simple test of this hypothesis. In a cross country regression including former colonies
and African countries, we ask whether countries whose coastal neighbors have a higher average
value of the mine impact index have a lower volume of total non-resource exports. We find
that they do, and this result is highly robust. Thus, countries whose neighbors have transport
infrastructure that is more biased towards overseas trade, have developed a more modest capac-
ity to produce non-resource exports, among which manufacturing. While we do not claim that
this relation is causal, it provides suggestive evidence that the regional welfare consequences of

mine-to-coast infrastructure are negative.

6.2 Current versus colonial transport infrastructure

It is possible that we find a result for former colonies and Africa because in these countries
current transport infrastructure is more heavily shaped by colonial transport infrastructure,
which in turn was mostly designed to export natural resources. But how strongly correlated
are current and colonial transport infrastructure? To answer this question, we collected data
on km of roads, paved roads, and main roads at independence (1963), and compared it with
current data (2006).%® Our main finding is that the average African country built very few new
roads between 1963 and 2006, when compared to similar countries in terms of initial stock of
roads, income and land area. For example, the average non-African country acquired an extra
22 thousand km of main roads between 1963 and 2006. However, the average African country
only acquired an extra 3 thousand km. If, as Herbst (2000, p. 164) suggests, these changes were
mainly additions, we can tentatively say that 73% of current African main roads already existed
at independence (though a smaller proportion seem to have been paved).*® When we extend the
analysis to our broader sample of former colonies, we find that colonial and current transport
infrastructure are less closely correlated. This may explain why the trade redirection effect of
mines is stronger in Africa than in former colonies (see Tables 4 and 5). There is also some

evidence in support of the notion that colonial transport infrastructure was mostly designed to

48See the Online Appendix for full details.

49Not only the average African country built very few new roads, but the ranking of African countries in terms
of their stock of roads remained largely unchanged: in our Africa sample, total roads in 1963 explain 87% of total
roads in 2006.
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export natural resources: countries with more mines had more roads in 1963, but this was only
true in colonies and in Africa.

Why did the African countries change their colonial transport infrastructure so little? Accord-
ing to Herbst (2000), this was largely for political reasons: the post-colonial elite was primarily
interested in consolidating their political control over their national territories, and for this the
colonial infrastructure was good enough.?®

Although colonial infrastructure has clearly persisted over time, one must be cautious in
entirely attributing our findings to colonial heritage. It is possible that post-colonial investment
exacerbated the effect of colonial infrastructure, which would then bias our conclusions in the
direction of overstating the impact of colonial infrastructure. For example, our data says that,
in Africa only, countries with more mines paved more roads between 1963 and 2006. In resource-
rich Africa, more than elsewhere, post-1963 infrastructure policies may not have been so different
from those of the former colonisers. China’s recent involvement in Africa may now continue this

pattern.

6.3 China and Africa

“And so my advice to African leaders is to make sure that if, in fact, China is putting
in roads and bridges, number one, that they’re hiring African workers; number two,
that the roads don’t just lead from the mine to the port to Shanghai, but that there’s
an ability for the African governments to shape how this infrastructure is going to

benefit them in the long term.” (Barack Obama, August 2014).5

In the last decade, China has outpaced the World Bank as the leading investor in Africa’s

transport infrastructure (OECD, 2012). Critical commentaries, such as the one reported above,

50 According to Herbst (2000, Ch. 5), the post-colonial elite essentially adopted the system of intra-African
relations that had been drawn at the colonial conference of Berlin in 1884-85. In this system, control over a colony’s
capital entitled a colonial power to claim control over the entire colony. Colonial transport infrastructure, then,
always guaranteed control of the capital, and this gave the post-colonial elite just what they needed to secure their
own authority. In other words, one reason why the African countries invested little in transport infrastructure
was that they did not need to establish control over national borders, a key factor of road and railway expansion
in Europe and elsewhere.

51Source: “The President on Dealing with China”, The Economist, August 2 2014.
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have accused China of hand-picking projects that connect the African countries to herself, but
that have little potential to foster regional integration in Africa (see also Davies, 2010). In other
words, China has been accused of exacerbating the legacy of interior-to-coast colonial transport
infrastructure in Africa.

To see if this critique is well founded, we collected data on the 40 largest Chinese road
and railway projects between 2000 and 2013.52 For each of these projects, we identified the
approximate route of the road or railway, and assigned a label “interior-to-coast” to projects
that either connect the interior of a country to the coast, or connect two points in the interior,
but are clearly part of a bigger project connecting the interior to the coast. This analysis led to
two main findings. First, only 5 of the 40 projects connect two African countries with each other,
and in 4 out of 5 cases this involves the connection of a landlocked country to the coast. Second,
83% (by value) of the projects have an interior-to-coast shape. To a first approximation, then,
the Chinese infrastructure does resemble colonial infrastructure, an impression that is reinforced
by the fact that in many cases, the former amounts to a renovation of the latter.® This similarity
is easy to rationalise since just like the colonisers, China has a more direct interest in promoting
her own trade with Africa, than trade between African countries.

To what extent is this interior-to-coast infrastructure also mine-to-coast? Anecdotal evi-
dence suggests that it often is,>* but more evidence must be gathered to answer this question
satisfactorily. One speculation is that African imports from China must be a more important
factor for Chinese infrastructure than imports from Europe were for colonial infrastructure. The
terms of trade between Africa and China are largely determined by world markets and have
been favorable to Africa in recent year. Africa must have received relatively large volumes of
imports from China, creating the need for import-related infrastructure. In contrast, the colonial
infrastructure was built by countries who could manipulate their terms of trade with Africa to
their advantage. The famous example is that of the Belgian Congo, from which the Europeans
almost exclusively imported goods (Hochshild, 2006).

Another important difference between Chinese and colonial investment is that, in China’s

52Full details are in the Online Appendix.
53Gee for example Ash (2013) on the Chinese-sponsored renovation of several colonial railway lines.
54Gee, for example, Ash (2013), or Schiere and Rugamba (2011, p. 15).
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case, the de jure power to decide what infrastructure to build lies in the hands of the African

55

governments.”® Furthermore, improved democratic conditions may mean that, relative to the

post-colonial elite, the current African governments may insist more on welfare-maximising

% Ultimately, however, the de facto power to decide what to build will depend on

projects.
the bargaining power of the African countries vis-a-vis China, which in turn is likely to depend
on factors such as domestic political stability and the price of natural resources. In any case, it
is interesting to notice that, if the counterfactual to colonial occupation is a situation in which
large trading partners have considerable influence over the placement of transport infrastructure,
this must be kept in mind when evaluating the welfare implications of colonial infrastructure.
Some evidence suggests that African manufacturing has suffered from the recent surge in
China-Africa trade (e.g. Giovannetti and Sanfilippo, 2009). Whether or not Chinese interior-
to-coast infrastructure has exacerbated this, and whether or not Africa should reject China’s

overtures and pursue an infrastructure policy more aimed towards domestic and regional inte-

gration, are important questions for future research.

7 Conclusions

Former colonies with more mines import less from neighbors and our results strongly suggest
that this is due to mine-to-coast infrastructure. This patterns is particularly evident in Africa.
Countries without mines display a strong positive neighbor effect on bilateral trade, but the
results suggest that countries with more than a few mines do not import more from neighbors.
Mine-to-coast infrastructure appears to lower trade costs with overseas countries proportionately
more than trade costs with neighbors. This effect is stronger if the mine-to-coast infrastructure
overlaps substantially with city-port corridors, the route used by consumers to import from

overseas. The sign reverses for landlocked countries with mines, but does not hold for oil and gas

%5 According to Davies (2010), “Chinese financiers largely finance projects that are proposed by the recipient
governments themselves. Decisions on the choice of infrastructure project are thus taken in African capitals and
not Beijing”.

56Burgess et al. (2014) find that road investment in Kenya has been getting closer to optimal since the arrival
of democracy in the 1990s. Another encouraging piece of evidence is that China has also been investing a lot in
seemingly good investments in the area of power generation, school building, etc.
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fields which are unlikely to affect import trade costs. Our results are supportive of the notion

that African countries received a transportation network that was heavily biased towards trade

with Europe, the effects of which have persisted over time. Although it is hard to draw precise

welfare conclusions from these results, our results establish a link between resource abundance,

history, and lagging domestic and regional market integration, which is often perceived as a drag

on growth in Africa.

References

1]

Amin, S. (1972). “Underdevelopment and Development in Black Africa - Origins and Con-
temporary Forms”, in the Journal of Modern African Studies, V. 10, N. 4, pp. 503-524.

Ash, P. (2013). “Demand for resources drives African rail boom”, International Railway

Journal, 9 Jan 2013.

Banerjee, A., E. Duflo, and N. Qian (2012). “On the Road: Access to Transportation
Infrastructure and Economic Growth in China”, NBER Working Papers, N. 17897.

Burgess, R., R. Jedwab, E. Miguel, A. Morjaria, and G. Padro-i-Miquel (2014). “The Value
of Democracy: Evidence from Road Building in Kenya”, forthcoming, American Economic

Review.

Buys, P., U. Deichmann and D. Wheeler (2006). “Road Network Upgrading and Overland
Trade Expansion in Sub-Saharan Africa”, World Bank Policy Research Working Papers, N.
4097, December 2006.

Center for African Studies, University of Edinburgh (1969). Proceedings of a Seminar Held
in the Center of African Studies, University of Edinburgh.

Cameron, A.C., J.B. Gelbach and D.L. Miller (2011). Robust inference with multi-way

clustering, Journal of Business and Economic Statistics 29(2), 238-249.

35



8]

[12]

[13]

[14]

[15]

[16]

[18]

Collier, P. and A. J. Venables (2010). “Trade and Economic Performance: Does Africas
Fragmentation Matter?”, in Lin, J. Y., and B. Pleskovic (Eds.), People, Politics and Glob-
alization, World Bank, 2009 ABCDE Conference.

Cosar, A. K. and B. Demir (2015). “Domestic Road Infrastructure and International Trade:

Evidence from Turkey”, Mimeo.

Davies, M. (2010). “How China Is Influencing Africas Development”, Background Paper for
the Perspective on Global Development 2010 Shifting Wealth, OECD, OECD Development

Centre.

Donaldson, D. (forthcoming). “Railroads of the Raj: Estimating the Impact of Transporta-

tion Infrastructure”, forthcoming, American Economic Review.

Dos Santos, T. (1970). “The Structure of Dependence”, American Economic Review 60(2),
231-236.

Duranton, G., P. M. Morrow and M. A. Turner (2014). “Roads and Trade: Evidence from
the US”, Review of Economic Studies, V. 81, N. 2, pp. 681-724.

Easterly, W. and R. Levine (1998). “Troubles with Neighbors: Africa’s Problem, Africa’s
Opportunity”, in the Journal of African Economies 7(1), 120-142.

Faber, B. (2012). “Trade Integration, Market Size, and Industrialization: Evidence from

China’s National Trunk Highway System”, forthcoming, Review of Economic Studies.

Freund, B. (1998). The Making of Contemporary Africa the Development of African Society
Since 1800, Basingstoke (UK), MacMillan Press.

Giovannetti, G. and M. Sanfilippo (2009). Do Chinese Exports Crowd-out African Goods?
An Econometric Analysis by Country and Sector. European Journal of Development Re-

search 21: 506-530.

Halbouty, M.T., A. Meyerhoff, R.E. King, R.H. Dott, D. Klemme and T. Shabad, (1970).
“World’s Giant Oil and Gas Fields, Geologic Factors Affecting Their Formation, and Basin

36



[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[28]

[29]

Classification: Part I: Giant Oil and Gas Fields.”in AAPG Memoir 14: Geology of Giant
Petroleum Fields, pp. 502-528.

Head, K., T. Mayer and J. Ries (2010). “The erosion of colonial trade linkages after inde-
pendence”, Journal of International Economics, V. 81, N. 1, pp. 1-14.

Herbst, J. (2000). States and Power in Africa Comparative Lessons in Authority and Con-

trol, Princeton, Princeton University Press.

Hochshild, A. (2006).King Leopold’s Ghosts: a story of greed, terror and heroism in colonial
Africa, London, Pan Books.

Horn, M.K. (2003) “Giant Fields 1868-2003 (CD-ROM)”, in Halbouty, M.K., ed., Giant Oil
and Gas Fields of the Decade, 1990-1999, Housto, AAPG Memoir 78.

Huillery, E. (2009). “History Matters: The Long-Term Impact of Colonial Public Invest-
ments in French West Africa”, American Economic Journal: Applied Economics, V. 1, N.

2, pp. 176-21.

Iyer, L. (2010). “Direct versus Indirect Colonial Rule in India: Long-term Consequences”,

The Review of Economics and Statistics, V. 92, N. 4, pp. 693-713.

Jedwab, R. and Alexander M. (2012). “Colonial Investment and Long-Term Development

in Africa: Evidence form Ghanaian Railroads”, mimeo, LSE.

Keller, W. and C. H. Shiue (2008). “Institutions, Technology, and Trade”, NBER Working
Papers, N. 13913.

Limao, N. and A. J. Venables (2001). “Infrastructure, Geographical Disadvantage, Transport
Costs, and Trade”, in The World Bank Economic Review, V. 15, N. 3, pp. 451-479.

Michaels, G. (2008). “The Effect of Trade on the Demand for Skill: Evidence from the
Interstate Highway System”, Review of Economics and Statistics, V. 90, N. 4, pp. 683-701.

Nunn N. (2008). “The long-term effects of Africas slave trades”, Quarterly Journal of
Econonics, N. 123, pp. 139-176.

37



[30]

[33]

[34]

[35]

[36]

[37]

van der Ploeg, F. (2011). “Natural Resources: Curse of Blessing?” in the Journal of Eco-
nomic Literature 49(2), 366-420.

O’Connor (1983), The African City, Africana Publishing Company, New York.

Roberts, M. and U. Deichmann (2009). “International Growth Spillovers, Geography and
Infrastructure”, in Policy Research Working Papers, Washington, the World Bank.

Rodney, W. (1982). How Europe Underdeveloped Africa, Washington DC, Howard University

Press.

Sachs, J.D., JJW. McArthur, G. Schmidt-Traub, M. Kruk, C. Bahadur, M. Faye and G.
McCord (2004). “Ending Africas Poverty Trap”, in Brookings Papers on Economic Activity
2004(1), 117-226.

Schiere, R. and A. Rugamba (2011). “Chinese Infrastructure Investment and African Inte-

gration, Working Paper Series, African Development Bank Group.

Venables, A. J. (2003). “Winners and Losers from Regional Integration Agreements”, in the
Economic Journal 113, 747-761.

Venables, A. J. (2009). “Economic Integration in Remote Resource-Rich Regions”, in Oz-

CARRE Research Papers, N. 22.

38



Figures and Tables

_——
J
SS::\RJ&%H ! @ Tazadit

WESTERN AFRICA
RAILWAYS

+——+—+ Open before 19564
F=t=—+ Opened 1954 -1969
= === Under construction 1969

500 km

MAURITANIA

Ouagadougou ‘,‘-'\_ H
— >
,

lassa

e N
TDGE}é}\i\DAHOME\{:‘

L MParakou I

I
g HE
CAMEROON
L
Takoradi “Belabots
——ATLANTIC —OCEAN *
1
""w..‘_" KEMNYA —
c o 2o, !
N G O K Arusha Noi
Port Francqui Mombasa -
- —
sbara '(
S== Kilosa S 0er v
1 Kidatu
»
H
ATLANTIC Malanie ) TANZANIA
f——= ~
— 1
Forte Gabela (O P —
. — =)
OCEAN g e e
—_— L ANGOLA pe— {
Cuima : Vila Cabral
N
e rpa Pinto ] Zamfa 1 A , ™
Wecamede Vet 5 ' ova Freima
: medes : ," Cassinga : i c Moembe ..F-

i $sientyre
N { MozAMBIQU

= -

H
1
= e e A3gLiingstone Salisbury

‘\ RHO D SI1A ; Marramea

~ e
SOUTH - CENTRAL AFRICA by ]

Bulawayz, Shabani Beaira
; Al F INDIAN ——
RAILWAYS . - ‘:
~ g
MQZAMBIE].UE
S=3—= Opened 1954 1969 e
immme=a  Under construction 1968
‘g Marques

Figure 1: African Colonial Railways, 1960s. Source: Center of African Studies, University of
Edinburgh (1969).
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Figure 2: African railways, 2002. Source: ‘Vmap0’ from (www.mapability.com).
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Figure 4: Construction of the mine impact index.
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Table 1: Top mining countries and mine impact index 4.

Country mines iq  Country mines tq Country mines iq
United States 14090 Jamaica 165 0.46 Guatemala 54
Mexico 713 Bolivia 161 Honduras 51
Brazil 610 Chile 159 Zimbabwe 50 0.46
Peru 528 Japan 129 Spain 46
Argentina 416 Cuba 129 0.08 Dominican R. 40 0.16
Canada 358 0.19 New Zealand 118 0.10 Turkey 37
Guyana 344 0.56 Ecuador 108 Egypt 35 0.17
Colombia 337 China 93 Italy 35
Russia 314 Panama 85 Laos 35 0.44
Australia 303 0.10 South Korea 84 0.33 Sweden 35
Venezuela 254 India 80 0.17 Thailand 35
South Africa 241 0.70 France 75 Finland 32 0.38
Uruguay 209 Philippines 57 0.09 Germany 31

Note: iq € [0, 1] is an index capturing the extent to which the mine-to-coast infrastructure overlaps

with the route used by consumers in cities to import from overseas, thus reducing their cost of

importing from overseas.

Table 2: Summary statistics.

Region Mean M; Mean iy Mean I; Mean M,; Mean iy Mean I,
Non-landlocked Landlocked

World 118.73 9.05

World ex-US 38.90 9.05

non-colony 376.41 15.02

colony 17.95 0.45 0.44 5.91 0.63 0.63

Africa 10.56 0.59 0.46 5.67 0.65 0.50
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Table 4: Landlocked countries with mines import more from neighbors.

Dep. Var. = In imports (a) (b) (c) (d) (e)
World non-US non-Colony  Colony  Africa

Nog 0.169 0.177 1.063%** 0.026 -0.462
(0.244) (0.247) (0.274) (0.393)  (0.700)
NoaMy -0.144*  -0.155%* -0.019 -0.391%%  -0.527*
(0.078) (0.081) (0.103) (0.183)  (0.310)
NoaAqg 0.122 0.127 -0.130 0.289**  0.621%**
(0.085)  (0.085) (0.121) (0.131)  (0.217)
NoqLg 0.525%  0.501* -0.443 0.947%%  2.076%*
(0.300) (0.302) (0.367) (0.477)  (0.833)
NogLaM, 0.273*%  0.284* 0.053 0.674%%  1.217%**
(0.148)  (0.149) (0.178) (0.297)  (0.398)
NoaLgAg 0.043 0.041 0.451 -0.155  -0.758**
(0.141) (0.141) (0.278) (0.181)  (0.306)
Nog * ygq Y Y Y Y Y
Noa * Y, Y Y Y Y Y
Controls Y Y Y Y Y
Destination FE Y Y Y Y Y
Origin FE Y Y Y Y Y
Observations 24,045 23,858 9,134 14,911 6,026
R-squared 0.739 0.736 0.782 0.704 0.685
Marginal effect of M, on In imports from neighbors for A; =0
IfL;=0 -0.144*  -0.155%* -0.019 -0.391%%  -0.527*
IfL,=1 0.129 0.129 0.034 0.283  0.689***

Note: Nogq = neighbor; NogMg = neighbor * mines in the destination country; NogAqg = neighbor * land area
deviation from world average; Nog*ygq = neighbor * In GDP per capita deviation from world average; NogLgMyg
= neighbor * landlocked destination dummy * mines in the destination country. Origin and destination fixed
effects are included, and so are the controls listed in Table 3. Robust standard errors in parentheses: *** p< 0.01,
** p< 0.05, * p< 0.1. The non-US sample excludes the US as a destination. The non-Colony, Colony and Africa
sample refer to all bilateral trade flows in which the destinations country is: not a former colony; a former colony;

in Africa, respectively.
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Table 5: Full specification: Trade redirection depends on the impact of mines on import routes
in Africa.

Dep. Var. = In imports (a) (b)
Colony Africa

Ny 0.017  -0.923*
(0.396)  (0.686)
N, M, 05325 _0.145
(0.183)  (0.264)
Ny 0.306%*  0.672%**
(0.132)  (0.222)
NoaMyI, 0226  -0.566*
(0.220)  (0.313)
NyaLg 0.916%  2.214%%
(0.479)  (0.809)
NoaLaM, 0.711%  0.885%*
(0.368)  (0.438)
NoaLaAy 0206  -0.781%*
(0.182)  (0.307)
NoaLaMyI, 0.025 0.538

(0.441)  (0.534)

Nog * Yq Y Y
Nod * Yo Y Y
Controls Y Y
Destination FE Y Y
Origin FE Y Y
Observations 14,911 6,026
R-squared 0.704 0.685

Marginal effect of M; on In imports
from neighbors for Ay =0

If Ly=0,1;=0 -0.532%% -0.145

fL;=01;=1 -0.3067  -0.711*F*
tLi=11;=0 0.180 0.740%*
fL,=11;=1 0.431% 0.711%*

Note: Nog = neighbor; NoqMg = neighbor * mines in the destination country; NoqAg = neighbor * land area
deviation from world average; Noq*yg = neighbor * In GDP per capita deviation from world average; NogMglg
= N,qM, * mine impact index in the destination country; NoqLgMg = neighbor * landlocked destination dummy
* mines in the destination country; NogLgMgly = NogLqMy * mine impact index in the destination country.
Origin and destination fixed effects are included, and so are the controls listed in Table 3. Robust standard errors
in parentheses: *** p< 0.01, ** p< 0.05, * p< 0.1, + p< 0.2. The Colony and Africa sample refer to all bilateral

trade flows in which the destinations country is: a former colony; in Africa, respectively.
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Table 7: Alternative measures of mine infrastructure.

Dep. Var. = In imports (a) (b) (c) (d) (e) (f)
Colony Africa Colony Africa Colony Africa
M, = 1 if mines > 0 In(3_; min(MS;, MP;) + 1) In(>_; MP; +1)

Marginal effect of M, on In imports from neighbors for A3 =0

IfL;=01;=0 -1.377%% —0,991F  -0.260*** -0.187*
tL;=0,1;=1 —0.830" -2.240%%F  -0.140%* -0.312%%%
fL;=11;,=0 0.539 1.467* 0.084 0.215%*
ftLi=11;=1 1.085**  1.503*** (). 154%** 0.246%+*

-0.21 9%
-0.133*
0.068
0.119**

-0.190**
-0.322%%*%
0.195%*
0.180%***

L, = landlocked destination dummy; I = mine impact index in the destination country; A4 = land area

deviation from world average. Origin and destination fixed effects are included, and so are the controls listed in
Table 5. Robust standard errors in parentheses: *** p< 0.01, ** p< 0.05, * p< 0.1, + p< 0.2. The Colony

and Africa sample refer to all bilateral trade flows in which the destinations country is: a former colony; in

Africa, respectively.
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A Technical Appendix

A.1 Data sources, data manipulation, and calculating distances along

roads

A comprehensive source of data on the location of mines across the world is available from the
US Geological Survey’s Mineral Resources Data System (MRDS). MRDS registers the location
in geographic coordinates of metallic and nonmetallic mineral resources throughout the world.
It was intended for use as reference material supporting mineral resource and environmental as-
sessments on local to regional scale worldwide. Available series are deposit name, location, com-
modity, deposit description, development status, geologic characteristics, production, reserves,
year of discovery, year of first production, and references, although many entries contain missing
values. The database is unfortunately focused on the geological setting of mineral deposits rather
than on production and reserve information.

We have considered, and rejected, the possibility of using an alternative database of mines.
The private company Raw Materials Group (RMG) also provides a database with metallic and
nonmetallic mineral resources covering the world. The data has better information on the mine
status in different years (although this information is still quite incomplete). However, within
the RMG database we observe at least one mine in only 96 countries, versus 133 countries in the
MRDS data. This means that the RMG data excludes mines in three OECD countries, 11 African
countries and a further 23 non-OECD countries, among which for example Mozambique and
Senegal are known to be significant current producers of respectively aluminium and phosphates.

The GSHHSD database®” used for point S provides the co-ordinates of all coastlines in the
world, and comes in four levels of detail (1 =land, 2 =lake, 3 =island in lake, 4 =pond in
island in lake) and five resolutions. For our purposes, it is best to use level 1, which excludes
the possibility that we find S on the shore of a lake, and a low resolution, which builds up the

58

world’s coastlines from 64,000 coordinates.”® For each mine in each country, we calculate the

distance between the mine and all coastal points, and pick S as the coastal point that minimizes

5Thttp://www.ngdc.noaa.gov/mgg/shorelines/gshhs.html
58 An intermediate level of detail would use 380,000 coordinates, and quickly increase the time it takes to
calculate distances.
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this distance.

To identify point P, we proceed in several steps. First, we use the “World Port Ranking 2009”
provided by the American Association of Port Authorities (AAPA) to infer the main container
port for all countries with at least one port included in the ranking. For countries that are
not included in the AAPA ranking, we use, when possible, Maersk’s website, to track the port
used by Maersk Line - the world’s leading container shipping company - to import a container
from Shanghai into the country’s capital.”® Finally, for countries that are neither included in the
AAPA ranking nor reached by Maersk Line, we identify the main commercial port by conducting
a series of internet searches. We coded as “port co-ordinates” those of the port’s nearest city,
which we got from the World Urbanization Prospects database, and, for smaller cities, from
Wikipedia/GeoHack.

Having identified points M, P, C and S for each mine and country in our sample, we
move to calculate distances between them along actual roads, using MapQuest’s online digital

1 Specifically, we use MapQuest’s Directions Web Service (http://www.MapQuestapi .

maps.”
com/directions/). For each pair of locations we send the coordinates to the server, which re-
turns a route along roads as a string of shapepoints (coordinates) and travel distance.? We use
the shapepoints of the city-port route to find the point on this route that is closest to the mine

in a straight line. We then use that point to find a route and distance along roads from the mine

to the city-port route.%

59Maersk Line has the largest market share (18%) according to http://www.shippingcontainertrader.com /facts.shtml.

60This led us to take Shanghai as the reference port for Kyrgystan, Tajikistan and Mongolia, Poti for Tur-
menistan and Uzbekistan, and St Petersburg for Kazakhstan.

61We chose MapQuest rather than for example Google Maps, because the former’s servers allowed access to
more routing requests per day. For the Africa and Colony sample alone we need to construct 13,463 individual
indices, requiring more than 5 routing requests each, while the MapQuest daily limit is 5,000. The large number
of mines and cities in non-colony countries requires several orders of magnitude additional routing requests. For
example, the US would require at least 5*56%14,090=3,945,200 requests for 56 cities and 14,090 mines, which
would take more than two years.

52We used the shortest route. We chose not to use travel time, because average road speeds in for example
central Congo were unrealistically high.

53In some cases the server could not calculate a route because the coordinates of the mine were in a re-
mote location with few roads nearby. In that case (private) access roads to the mine may not appear in the
database. In those cases we used the Google reverse geocoding service (https://developers.google.com/
maps/documentation/geocoding/#ReverseGeocoding) to find the geographical name (of the nearest town one
level above street name) of the location of the mine. Using this name we retrieved new coordinates using Google’s
geocoding service, which were subsequently used to calculate a new route. To the resulting distance we add the
straight line distance between M and the new starting point of the route. If this method still did not yield a
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The index for each mine is calculated as described in (5)-(8). However, in some cases we find
that the city is very far from the main container port, but also relatively close to a coast. For
these particular cities the main container port may not be the relevant one. Such a city may be
supplied through a smaller secondary port, which also means that the mine-city route has little
impact on the ability to import through the country’s main container port. This occurs for 73

out of 238 cities. Therefore, we multiply (5) by a fourth term:

0 if CP > Pcentroid N CSgy,y < Pcentroud
relevance of port = (12)

1 else.

Where ‘centroid’ is the centroid of a country®, and S, is a point on the coast nearest to
a city C. A weight of zero is given to individual city-mine indices, where (a) the straight-line
great-circle city-port distance is longer than the distance between the port and the centroid of
the country, and (b) the distance between the city and the coast is less than the distance between
the port and the centroid of the country.

The final step is to calculate country d’s overall mine impact index, 74, by aggregated up
from all possible mine-city-port combinations within the country.%> These individual indices are
summed with 1950 city population weights such that larger cities add relatively more to the

aggregate index.

A.2 Defining former colonies

Our favorite definition of former colony is Head et al. (2010)’, refined to exclude those countries
that were only colonized by a neighbor. To give an example, our definition excludes most of
the former Soviet republics (who were only colonized by the USSR), but not Namibia (who

was colonized in different periods both by a neighbor, South Africa, and by a non-neighbor,

route, we instead use the straight-line great circle distance. Mostly, this happened for distances M S because S
is not necessarily an inhabited location.

54From http://www.cepii.fr/anglaisgraph/bdd/distances.htm

85For example, for a country with four mines (and four points nearest to each on the coast), two cities, and
one port we calculate 4*2 individual indices before aggregating. For India for example, we have 59 cities and 80
mines and thus 4720 indices.
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Table A.1: Non-African, non-island former colonies.

Asia America Europe

Afghanistan Kuwait Belize Albania

Armenia (Russia) Kyrgyzstan (Russia)  Canada Bosnia & Herzegovina
AZERBAIJAN (Russia)  Laos French Guiana BULGARIA (Turkey)
Bangladesh Lebanon Grenada Croatia (Austria)
BELARUS (Russia) Macao Guyana CZECH REPUBLIC (Austria)
Brunei Darussalam Malaysia Suriname Estonia

Cambodia Myanmar FINLAND (Russia, Sweden)
GEORGIA (Russia) Pakistan Gibraltar

Hong Kong Papua New Guinea IRELAND (Britain)

India Qatar LATVIA (Russia)

Indonesia Syria LITHUANIA (Russia)

Iraq Tajikistan (Russia)

Israel Turkmenistan Macedonia

Jordan UKRAINE (Russia) Moldova

MONGOLIA (China) United Arab Emirates POLAND (Germany)

North Korea Uzbekistan (Russia) Romania

South Korea Viet Nam SLOVAKIA (Austria)
KAZAKHSTAN (Russia) Yemen SLOVENIA (Austria)

Note: non-African, non island former colonies who obtained independence after 1900. “Non-islands” are countries
who share a land border with at least another country. In capital letter are countries whose colonizers were
all neighbors (reported in parenthesis). Underlined are countries that, even though their colonizers (reported in

parenthesis) where not all neighbors, can still be expected to have traded with all their colonizers mostly overland.

Germany). For robustness, we have run all our specifications using both the broader Head et al.
(2010) definition, as well as a third, even narrower definition. In the latter, we have excluded
not only countries who were only colonized by a neighbor, but also those who, despite being
colonized by a non-neighbor, can reasonably be expected to have traded with their colonizer
overland (e.g. Kyrgyzstan, who was colonized by the USSR). Table A.1 provides a full list of
non-African, non-island former colonies. All African countries except for Liberia and Entiopia
are in our preferred definition of colonies. Our preferred definition of colony includes all countries
whose name is in lower case in Table A.1; the broader definition includes also countries whose

name is in upper case; and the narrower definition excludes countries whose names is underlined.
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