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Abstract

Exploring heterogeneity in the impact of a technology is a first step towards un-
derstanding conditions under which this technology is conducive to economic devel-
opment. This article shows that colonial railroads in Nigeria have large long-lasting
impacts on individual and local development in the North, but virtually no impact
in the South neither in the short run nor in the long run. This heterogeneous impact
of the railway can be accounted for by the distance to ports of export. We highlight
the fact that the railway had no impact in areas that had access to ports of export,
thanks to their proximity to the coast and to their use of waterways, and that those
areas barely adopted the railway as it did not reduce their shipping costs. Our anal-
yses rule out the possibility that the heterogeneous impacts are driven by cohort
effects, presence of major roads, early cities, or missionary activity, or by crude oil
production.
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1 Introduction

A number of recent empirical studies document the importance of transportation tech-
nologies for economic development in a variety of settings.! A question that naturally
arises is whether these uncovered impacts of transportation technologies are homoge-
neous in connected areas, and if not, how much they vary based on pre-existing char-
acteristics. In this article, we address these questions in the context of colonial railroads
in Nigeria. Exploring heterogeneity in the impact of “new” transportation technologies
is a first step towards understanding the conditions under which they lead to sustained
economic growth and development. Identifying such conditions is important for the
design of optimal policies on new transportation infrastructure.

In Nigeria, the railroads were primarily constructed to enhance export trade with
Europe, but various parts of the country differed with respect to the availability of al-
ternative transportation technologies and initial market access to Europe, as revealed by
pre-railway trade volumes. The colonial railroads connected the interior of the country
to coastal ports, but the South, by virtue of its proximity to the sea, already had viable al-
ternatives, such as waterways and roads, which enabled trade with Europeans, and these
alternatives co-existed with the railway. Such alternatives did not exist in the North, and
the railroads were essential in opening this region to European trade and in shifting
trade from the Sahara to the coast. These important baseline differences motivate our
choice of Nigeria to explore the potential heterogeneity of the impact of railroads.

We proceed in a number of steps. First, we present a framework that enables us
to causally estimate the long-run impacts of the railway on local economic develop-
ment. Based on individual and household data from the 2008 Nigerian Demographic
and Health Survey (DHS) and railway data from the Digital Chart of the World (DMA,
1992), the framework involves state fixed effects to explore differences between areas
close to the railway and areas further away within the same state, and an instrumen-
tal variable approach involving the distance to straight lines between nodes? as an in-
strument for connection to the railway line. We use the framework to investigate the
differential impacts of the railway in the North and the South of Nigeria, areas with sig-
nificant differences in alternative transportation technologies. Our main finding is that

the colonial railway has neither a short-run nor a long-run economic impact in Southern

ISee Banerjee et al. (2012), Faber (2014), and Baum-Snow et al. (2012) on railways and roads in China;
Donaldson (2016) on railways in India; and Donaldson and Hornbeck (2016) and Bleakley and Lin (2012)
on the impact of the railway and portage sites in the United States. Jedwab et al. (2015), Jedwab and
Moradi (2015), Fourie and Herranz-Loncan (2015), and Storeygard (2016) provide evidence on the positive
economic impacts of roads and rail networks in Africa.

ZHypothetically, this is the shortest path between railway nodes.
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Nigeria, but it has large positive impacts on local development in the North. This is true
for broad indicators of economic development measured at the individual and house-
hold level. These measures include human capital, occupational characteristics, media
access, household wealth, and urbanization.

Second, we analyze historical urbanization and city growth data from Jedwab and
Moradi (2015) in order to establish that the heterogeneous impacts of the railway we
document were also present (or absent) in colonial times. The non-impact of colonial
railways in the South and its large positive impact in the North are stable over time and
have persisted long after the railways became dysfunctional. These empirical findings
are consistent with a theoretical model in which, in the North, railroads improved market
access to Europe and encouraged the concentration of production factors in connected
localities, inducing a spatial equilibrium that persisted in the long run, even after the
demise of railroads. In the South, however, railroads did not significantly change the
initial spatial equilibrium; they hardly had any short- or long-run local development
impacts.

Third, we present evidence from historical sources that shed light on the potential
underlying mechanisms. We document the fact that prior to the construction of the
railway, Southern Nigeria was already involved in large and significant export trade
with Europe, and earned a reputation as the “oil palm coast” well before the twentieth
century (Law, 2002). Following the introduction of the railway, this trade did not grow
significantly, compared to double digit growth rates in export of the main Northern
crops.

Furthermore, railway adoption rates were significantly lower in the South, with less
than 30% of Southern crops being shipped by rail compared to over 80% for most North-
ern crops. We find that the proportion of the main Southern crops that were railed to the
coast significantly declined during the period of railway expansion, which indicates that
railways did very little to stimulate economic activities in these areas. Our evidence on
shipping volumes and costs suggests that the low adoption rates in the South are due to
higher opportunity costs. While the railway decreased transportation costs in the North
by more than 65% compared to roads, our calculations reveal that they were significantly
more expensive than alternatives (roads and rivers) in the South.

In addition, we show that railroads have a persistent effect only in areas that were
far away from ports of export. The North/South dichotomy in the impact of the railway
can be entirely accounted for by the distance to ports of export. The railway had no
impact in areas that were close to ports of export, no matter whether they are Northern
or Southern areas. We also show that the heterogeneity of the railway impact cannot be



explained away by distances to early cities which were more prevalent in the South.

To uncover the long-term impacts of colonial railroads on local economic develop-
ment, we exploit a number of empirical strategies, falsification exercises and robustness
checks. Our first empirical strategy is to compare areas connected to the railway to areas
unconnected to the railway within localities, or states, that were targeted. The assump-
tion is not that states were exogenously connected, but that locations within a state were
connected exogenously. In other words, the precise location of the railway, within a tar-
geted state, was exogenous to local characteristics related to current development. For
example, while the railway was intended to connect the areas surrounding Kano known
for being suitable for groundnut production, the precise location of the line within the
Kano area was plausibly exogenous to contemporary or future development. We claim
that within a state, the railway was not systematically placed in the most developed
localities or in localities that had the most potential for growth.?

To provide evidence that railway-connected localities and non-connected localities
were similar, we compare railroad and non-railroad localities with respect to broad geo-
graphic and climatic determinants of development as well as presence (and size) of early
cities and Christian mission stations. We do not find railroad and non-railroad locations
to differ on these time-invariant geographic characteristics. Furthermore, we do not find
that connected localities are more likely to have a Christian mission station, or to be
connected to the road network or to have a river running through their local area.* Our
estimates are robust to the control of the aforementioned factors in addition to other
individual and household variables, including ethnicity and state fixed effects.

Nevertheless, in the absence of information on all the factors that contribute to local
development, we are unable to completely rule out the claim that railroads were endoge-
nously placed within states. In order to address further endogeneity concerns, we use an
instrumental variable approach. We compute the distance to straight lines joining major
nodes and use it as an instrument, for being connected to the railway line. This iden-
tification approach has been implemented in Banerjee et al. (2012), Jedwab et al. (2015),

and Jedwab and Moradi (2015), among several others. Once again, within a state, the

3In fact, there are instances where the railway was located in less prosperous areas for a variety of
geographic and other local idiosyncrasies. For example, the railway in “Lagos” began in neighboring
Iddo because Lagos itself was an island. A second example is the line that terminated in the state of “Oil
Rivers”, which in fact ended in Port Harcourt, a city built from scratch, as opposed to more prosperous
pre-colonial ports such as Bonny, Calabar, New Calabar, and Opobo.

“The local government is the smallest administrative unit in Nigeria with an average area of 1020
km?, and median area of 705 km?, and serves as the primary measure of the “local area” in which the
individual lives. Individuals are identified by their DHS clusters which we refer to as localities, and we
match localities to the local government area that they belong to.



straight line connecting nodes is the hypothetical line that, in theory, would have mini-
mized construction costs, all else equal. Deviation from this line therefore might reveal
the extent to which the actual rail trajectory might not have been chosen randomly by
the colonial government.® The identification assumption in this empirical strategy is that
straight lines between nodes affect economic development only through their correlation
with actual lines. In implementing this method, we exclude observations in nodes, as
these connected locations might have been endogenously chosen. We do not find the in-
strumental variable estimates to be very different from the estimates based on state fixed
effects. We continue to find that the railway has a positive effect in the North and no ef-
fect in the South. Interestingly, the first stage of the instrumental variable results reveals
that most geo-climatic and other local area variables are not significant determinants of
connectedness to the railway lines.

We perform several identification checks. We show that our results are not driven
by alternative transportation means. We also estimate the effect of placebo lines on
our outcome variables. These lines are segments that were surveyed and proposed for
railway construction, but were not constructed. They were abandoned for a variety of
reasons unlikely to be related to short- or long-term economic development, such as
the turnover of officials in charge of colonial railways and the conflicting interests of
the colonial government (Jaekel, 1997). If the effects of the railway we identify using
our instrument reflect the developmental impact of the railway on localities closer to
a straight line connecting nodes, we would expect the placebo lines to have no impact,
especially in areas where placebo lines do not coincide with roads or waterways. Indeed,
we do not find the various placebo lines to have any economic effect, whether the effects
are estimated for the whole country or separately for the North where the railway had a
significant impact.

Additionally, we use localities close to these placebo lines as a control group to ana-
lyze the impact of the railway. Precisely, we estimate the effect of being within 20 km of
a railway line relative to being within 20 km of a placebo line. We find a large economic
effect of the railway in the North. In the South, the effect is close to zero and is not
statistically significant. These findings provide further evidence that the impact of the
railway in the North and its non-impact in the South are indeed causal, and not merely
driven by being close to a “straight line” connecting early urban areas. This is especially

true if the placebo lines were not constructed for idiosyncratic reasons, as Jedwab et al.

5This argument ignores other geographic and climatic conditions that might call for deviations from
straight lines between nodes. Deviations from straight lines might not be endogenous to the local economic
development of connected areas if they are motivated by technical or geo-climatic characteristics of the
localities the railway passes through.



(2015) and Jedwab and Moradi (2015) argue.

Our results are robust to a variety of other confounders. In addition to the geo-
climatic variables discussed above, our estimates are robust to controlling for the pres-
ence of mission stations within the local area and for distances to rivers and roads (pos-
sibly endogenous to railways). The estimated impacts of the railway lines are also found
for migrants and non-migrants, and areas with and without mission stations. We detect
a positive impact of the railway when we exclude local areas that are run through by
railway tracks, nodes or stations. In addition, our results are robust to the exclusion of
oil-producing areas of the South that might have altered the post-railway spatial equi-
librium. Using a continuous measure of connectedness to the railway line (distance to
a railway line) instead of the discrete measure in our main specification (being within
20 km of a railway line) yields quantitatively similar results. The estimated impacts of
the railway lines are robust to various definitions of the control group: individuals out-
side 20 km, between 20 to 40 km, between 40 to 60 km, and so on. We further interpret
these findings as evidence that there are no significant negative spillovers to adjoining
localities.

A few recent studies have examined the long-run economic impact of infrastructure
investments (Huillery, 2009; Banerjee et al., 2012; Baum-Snow et al., 2012; Donaldson
and Hornbeck, 2016; Donaldson, 2016; Bleakley and Lin, 2012). In Africa, urbaniza-
tion is found to have been sustainably impacted by colonial railroads (Jedwab et al.,
2015; Jedwab and Moradi, 2015). Similar to the argument we provide to shed light on
the long-run economic impact of colonial railroads in Northern Nigeria, Jedwab and
Moradi (2015) explain that, in Ghana, colonial railways lowered trade costs and boosted
the cultivation of cocoa in railroad locations, fostering the emergence of cities in these
locations. This initial spatial equilibrium persisted because railroad locations facilitated
the coordination of subsequent investments.°

Our study differs from these papers in a number of important respects. First, we
are interested in the heterogeneity of the railway impact. In particular, we do not find
that colonial railways have had any local economic impact in Southern Nigeria, and
areas closer to the coast, in contrast to their positive impacts in the Northern regions
of the country. In further contrast to the average impacts of the railway we estimate,
and hence to the general conclusions reached by the extant literature on the long-run

effect of colonial railways on urbanization in Africa, we find no evidence that colonial

®Also see Storeygard (2016) who underscores the importance of road networks and connection to
coastal ports for local economic performance, and Fourie and Herranz-Loncan (2015) who document
the importance of the railway in South Africa.



railways were the engine of urbanization in Southern Nigeria. In fact, most cities in the
South do not lie along the railway line, while almost all large cities in the North are
connected to the railway. This is important for understanding the policy implications of
recent studies of the impact of transportation investments. Our results suggest that these
investments are most worthwhile in areas where they significantly improve market ac-
cess and stimulate new trade. The contrast between the low adoption rates and impacts
of the railway in the South, and the high adoption rates and impacts in the North, is
consistent with the views of Fogel (1964) that new transportation technologies have little
impact if pre-existing technologies are viable or can readily be improved.

The results on the impacts of railways on individual-level developmental outcomes
are also of independent interest to studies of African urbanization. Fay and Opal (2000)
and Jedwab and Vollrath (2015) document the poor economic performance of several ur-
ban areas in developing countries, compared to historical examples from other regions.
We find that, in areas without pre-existing viable transportation technologies, connection
to the colonial railway increased urbanization, and that individuals living in these urban
areas are more educated, more literate, more likely to work in professional occupations,
less likely to work in agriculture, more likely to engage with mass media (TV, radio,
newspapers), and live in wealthier households. This suggests that, while urban areas
are not industrializing or growing as fast as one would expect from historical exam-
ples, urban areas connected to the railway are still generally better off than surrounding
countrysides. Furthermore, the fact that, within rural areas, colonial railways have a
positive impact on individual-level economic outcomes in the North of Nigeria implies
that estimated impacts are not entirely driven by urbanization.

The rest of the article is organized as follows. Section 2 depicts the historical context
of the construction of the colonial railway in Nigeria. Section 3 presents our data and
the various identification strategies and robustness checks that we use to assess the local
impact of the railroads. The corresponding results are described in section 4. Section
5 analyzes the North-South differences in the long-run impact of the railway. Section 6
discusses the dynamics of the path of the impacts of the railway and compares short-
and long-run effects. Section 7 documents the mechanisms underlying the heterogeneity
of the impact of railroads. The final section concludes.

2 Historical Background

So vast an area as Nigeria, comprising in all some 380,000 square miles...

cannot be commercially developed except by railways — p. 19 0f the Colonial
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Report of Northern Nigeria, 1900-1901, as quoted in (Onyewuenyi, 1981, p.65).

Toward the end of the nineteenth century, after the area now known as Nigeria of-
ticially came under British control, the colonial government began to seek out ways of
linking the interior of the country to its ports in order to facilitate export trade. The
construction of the railway was seen as an effective means of moving goods and services
from the interior of the country to the coast. Construction of the railway lines largely
occurred between 1898 and 1930, with an additional extension completed after indepen-
dence in 1964.” The railway was generally constructed to open up the country to export
trade with Europe. Three specific reasons were given for the construction of the various
lines: agricultural, mineral exploitation, and political or administrative reasons (Taaffe
et al., 1963; Onyewuenyi, 1981).

Table 1 shows the dominant motivations for each of the lines constructed between
1898 and 1964. It establishes that the export of agricultural products was the main
motive for the railway. Of all the segments shown in Table 1, only Zaria-Jos-Bukuru
and Kaduna-Kafanchan were not constructed for agricultural exploitation reasons. In
terms of spatial distribution, the colonial railroads were slightly more extensive in the

Northern region which covers 4/5th of the country’s area.’

2.1 Alternative Transportation Modes

Before the railways, transportation of goods was done through head portage, bicycles,
animals, cart and inland waterways. In the North, there were caravan routes going
through Timbuktu to major agglomerations such as Kano and Sokoto and on to North
Africa (Cairo, Tripoli). One consequence of the railway, as we discuss later in the article,
was to redirect Northern trade from Trans-Saharan routes to the coastal ports.

The most important transportation mode for goods before the advent of railways
were inland waterways. Many rivers, their tributaries, and creeks traverse the coastal
plains of the country. In the South, between the coastal ports of Lagos and Opobo for
example, the abundant creeks allow transportation of produce and many ports were
installed along the way: Epe, Sapele, Warri, Forcados, Burutu, Brass, Degema, and Port
Harcourt (Onyewuenyi, 1981). These river networks, as well as direct access to roads
using bicycles, exposed the South to trade with Europe long before the railway was
constructed.

7A rail line joining Abuja to Kaduna was built between 2011 and 2014. Since it was constructed after
the dates of our outcome measures, it should have no bearing on our results.

8There is an average of 3.1 rail length meter per area square kilometer in the South and of 3.4 in the
North.



While the country’s two main rivers, the Niger and the Benue, run through the North,
the rivers are navigable only for part of the year and for a fraction of the distance they
cover. They are heavily dependent on water levels in the rainy season, and the Niger
itself is filled with dangerous rapids. As a result, the only available means of consistent
transportation from the Northern parts of the country to the coast was through roads,
which were not viable because of the enormous distance and other dangers of road
transportation in pre-colonial Nigeria.” For example, Hodder (1959) in a study of tin-
mining in Jos estimated that the road journey from the mines to the coast took 35 days
by road, and while this was tolerable for mining, it was not conducive to agricultural
exports. These problems with river and road transportation meant that most areas of the
North were cut off from export trade prior to the construction of the railway.

2.2 Railway Construction

The railway construction was done in three main phases. The first phase consisted
of initial penetration lines. The origination points were the ports of Lagos, Zungeru
and Baro for the Western line, and Port Harcourt for the Eastern line. The Western line
originated in Lagos in 1898 and reached the Niger river at Jebba in 1909. The construction
of the Eastern line began in 1913 in Port Harcourt and reached Enugu by 1916. In the
second phase of the railway development, more interior centers were linked to the ports
with lines such as Baro-Kano and Enugu-Kaduna. By 1927, both main North-South links
were established giving Northern areas access to the ports of Lagos and Port Harcourt.
Building branch lines and extensions such as Zaria-Kaura Namoda or Kano-Nguru made
up the third stage of railway development. At the end of this phase, in 1931, the railway
was 3,067 km long.

New centers of economic activities quickly appeared along the newly constructed
railroads. By the time the main lines were built, more than 200 buying and selling
stations had emerged along the railway lines (Onyewuenyi, 1981). One of the fastest
growing centers was the coastal town of Port Harcourt which was chosen as a terminal
node of the Eastern line in 1913 before it even existed as a town. Because of its deeper
harbor and direct access to the hinterland, Port Harcourt had developed, by the 1930s,
as the second largest port of the country, at the expense of previously established non-
railway ports within the region such as Bonny, Opobo, or Degema. Similarly, in the
“Lagos” area, the railway did not begin in Lagos itself but in another town known as

Iddo because Lagos is an island which would have made construction more expensive.

90On average, Northern populated areas and coastal ports are more than 600 km apart.



We exploit these local idiosyncrasies to motivate one of the empirical strategies we use
to estimate the impact of the railway.

2.3 Growth of Export Agriculture Following the Railway Construction

In the Northern Provinces, the history of export cotton production, like that
of groundnut has been closely linked with the history of railway expansion,
and it was not until the railway reached Kano in 1912 that the export cotton

production attained any importance — Lamb 1925, p. 19.

The incentives to produce more than what was needed for consumption were weak in
remote areas in the North of the country, especially in areas poorly connected to rivers.
The advent of the railways dramatically changed the trade opportunities available to
these areas. The railways were used almost exclusively for goods transportation as more
than 90% of rolling stock units were devoted to goods service. Over the period 1901-
1950, an average of 2/3 of these goods were agricultural products. According to the
Colonial Reports of 1913, only a year after the first railways were built in the North
of Nigeria, the value of Northern agricultural exports jumped by 150% (groundnuts by
666%, benniseed by 157%, gum arabic by 133%, cotton lint by 45%, hides and skins by
41%, and sheanut products by 20%). Acreage under cultivation increased at all station
areas.

The railway stations allowed the concentration of markets along the railroads making
possible the clustering of a traditionally scattered population and agricultural produc-
tion. The development of export agriculture was initially limited to “the irradiation area
of the railways, the inter-regional roads and auxiliary local roads” (Schatzl, 1973, p. 89).
As our results indicate, the incredible boom in export agriculture that followed the rail-
way construction had long-run consequences on the human and social development of
people living in areas connected to the railways. This impact was concentrated in the
North of the country, which was the main beneficiary of the introduction of railways.

Next, we describe the empirical strategies and data we use to estimate the long-term
impact of the colonial railway in Nigeria, and how this impact differs according to initial
market access.
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3 Data and Empirical Strategy

3.1 Data

Data on colonial railroads in Nigeria come from the Digital Chart of the World (DMA,
1992). These data are combined with individual-level data from the 2008 Nigeria De-
mographic and Health Survey [DHS] (NBS and ICF International, 2008) to estimate the
long-run impacts of railroads. The DHS uses a two-stage probabilistic sampling tech-
nique to select clusters in the first stage and households in the second stage. In general,
DHS clusters are census enumeration zones, to which we will sometimes refer simply
as localities. Using DHS-provided information on the geographical coordinates of each
such locality, we match individuals to local areas'’ and rail networks.

The DHS provides information on each individual’s characteristics including age,
sex, migration status, religion, ethnicity, and area of residence. Individuals without spe-
cific information on ethnicity are dropped from the analysis. Information on each of
our individual-level outcome variables - years of schooling, literacy, type of employment
(professional or agricultural), and the frequency at which an individual reads newspa-
pers, listens to the radio, and watches TV - is also available in the DHS. Household-level
variables include size, the gender and age of the household head as well as a composite
wealth index.!!

We complement our outcome dataset with panel data on urban population density
and city presence in 1900, 1960, and 2010, from Jedwab and Moradi (2015). This allows
us to analyze urbanization outcomes and explore short- and long-run effects.

We collect detailed information on geographic, climatic, and soil conditions from the
FAO GAEZ database (Fischer et al., 2008). Specifically, we gather information on average
annual rainfall (in mm), average annual temperature (in degree Celsius), elevation (in
meters), two important soil characteristics (nutrient retention capacity and workability),
and suitability for the production of cocoa, cotton, groundnuts, and oil palm.!?

19The local government area is the smallest administrative unit in Nigeria with an average area of 1020
km?, and median area of 705 km?, and serves as the primary measure of the “local area” in which the
individual lives. Their boundaries are obtained from the GADM database of global administrative areas
(UC Berkeley, 2014).

1A measure of households’ cumulative living standard based on observables such as asset ownership
(radio, TV, bicycles etc.), materials used in housing construction, water access, and sanitation. See http://
www .dhsprogram. com/topics/wealth-index/Wealth-Index-Construction.cfm for more details on the
construction of this index by DHS country teams.

12The soil characteristics are measured on a 4-point scale ranging from no or slight constraints (1) to very
severe constraints (4). Crop suitability is the average estimated agro-climatically attainable yield in kg/ha
for rain-fed agriculture, using medium or low inputs within the local area because that is the dominant
form of agriculture in Nigeria. These measures are provided by the FAO for cells of 30 x 30 arcseconds
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We also collect information on the presence of primary roads and major rivers in each
local area. These data are supplied by DMA (1992) and are available in Hijmans et al.
(2001). Lastly, we collect data on the presence of Christian mission stations in local areas
in 1928 by combining maps published in Ayandele (1966) and Roome (1925). Altogether,
we have information on over 30,000 individuals living in 22,798 households belonging
to 845 clusters (localities) spread out over 550 local government areas in 37 states. These
individuals belong to 30 major ethnic groups that make up over 90% of the country’s
population.

3.2 Identification Strategies

Since railway-connected and railway-unconnected areas might differ on many dimen-
sions that are relevant to economic development, comparing them does not necessarily
yield the long-term impact of the railway. We use a mix of strategies to deal with the
possible endogeneity of railway placement. We first use a state fixed effects approach
that compares connected and unconnected areas within states that were targeted or not
to host railroads. We then exploit an instrumental variable strategy based on straight
lines between major railway nodes. We complement these strategies with a host of fal-
sification exercises and identification checks using placebo lines and various definitions

of control groups.

3.2.1 State Fixed Effects

The railway was intended to connect large areas suitable for agricultural and mineral
exploitation to the coast. In order to avoid comparing targeted areas with non-targeted
areas, we include in our regressions state fixed-effects as states are the closest adminis-
trative level to capture these areas of interest.

Within states, we compare areas that are close to the railway lines to areas that are
further away. A concern with this strategy is that even within targeted areas, the railway
might be placed in areas that are systematically different on dimensions relevant to eco-
nomic development. Historical accounts of railway placement tend to indicate otherwise.
Engineering decisions that took into account elevation and other considerations based
on the cost of the railway construction were central to determining the exact location
of the railway within a targeted state. For instance, the railway line that terminates in
Lagos state actually terminated in a small locality called Iddo because the city of Lagos

was an island and having the terminus in such a city would have been very expensive.

(approximately 0.9 km? at the equator)(FAO, 2016).
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A second example is the line that terminates in the “Oil Rivers” which is now the city
of Port Harcourt. Despite the fact that the city did not even exist at the time, it was
chosen instead of prosperous pre-colonial ports such as Bonny, Calabar, New Calabar,
and Opobo, because of its deeper harbor and more direct access to the hinterlands.

Comparing observables within railway-connected and unconnected area lends fur-
ther support to the claim that the exact placement of the railway within targeted areas
does not appear to systematically be in areas more developped or more likely to be de-
veloped in the future. We refer to localities within 20 km of a rail track as connected
areas. Table 2 presents summary statistics for various observable characteristics in con-
nected and unconnected areas. Baseline observables such as crop suitability, geo-climatic
factors and soil constraints do not exhibit significant differences in observable character-
istics between connected and unconnected localities. Strikingly, connected individuals
are not more likely to live in local areas with mission stations, nor in local areas with
primary roads, nor in areas crossed by a major navigable river. At the introduction of
the railway, there were no statistically significant differences in city presence and city
population between connected and unconnected areas.

Nevertheless, we control for all these geographic, climatic, population-based and
other pre-railway observables. For individual and household-level outcomes, we control
for additional factors such as age, religion, ethnicity and household size in order to get
more precise estimates of the railway effect.!®

Specifically, our baseline specification for individual- and household-level outcomes
is:

Yinaes = ¢+ BRi<2o + XaA + XgII + XpI' + a5 + Ye + €ihjaes (1)

The parameter of interest, 3, is the effect of living within 20 km of a railway track
on outcome Y. The outcome is measured for each individual i in household /, who
lives in local area a in state s, and belongs to ethnic group e. The outcome variables are
education (years of schooling, literacy), occupation (professional or agricultural worker),
media access (newspaper, radio, TV), the DHS-based household wealth index and the
probability of living in an urban area. If the railway has a positive impact on local devel-
opment today, then individuals who are closer to the railway should be more educated
and more literate, and should have greater access to the media. Under this hypothesis,

we would also expect individuals in railway areas to be more likely to live in urban areas

13While we use living within 20 km of a rail line as the measure of connectedness, we confirm that
observables are also balanced using other measures of connectedness such as an indicator for having the
railway pass through the local area. We also divide the country into 40 km x 40 km grid cells and show
that observables are balanced between connected and unconnected grid cells. These results are available
upon request.
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and in wealthier households and to be non-farm workers.*

Individual, household, and local area observable characteristics are denoted by X;,
Xh, and X, respectively. All regressions involving individual- or household-level out-
comes include state fixed effects (a5) and ethnic group fixed effects (7.). Individual
controls (X;) are age, age-squared, and an indicator for being Christian. At the house-
hold level, we control for gender and age of the household head, as well as for the size of
the household. At the local area level, we control for average rainfall, temperature, soil
nutrient retention capacity and workability, elevation, suitability for key colonial area
cash crops (oil palm, cocoa, cotton, groundnut), and presence of a mission station in the
local area as at 1928. In the remainder of the article, these local area controls are referred
to as baseline controls.

For urbanization outcomes (city presence and city growth), our baseline specification
has the same structure as in (1) but the set of controls excludes individual and household-
level controls:

Ya,s =¢+ ﬁRiSZO + XaA +ag + €as (2)

3.2.2 Instrumental Variable Approach

To further address endogeneity concerns, we adopt an instrumental variable approach,
similar to that used in Banerjee et al. (2012) and Jedwab and Moradi (2015). We exploit
the distance to straight lines joining major nodes and use it as an instrument for being
connected to the railway line. We also exclude individuals living in railway nodes from
the sample. The identification assumption is that, besides its correlation with the railway
line, a straight line connecting nodes is unrelated to economic development.

The major nodes are chosen to be major historical cities existing at the time of the
introduction of the railway such as Lagos, Abeokuta, Ibadan, Kano, and junctions in
the middle of the country such as Kafanchan. We connect these 12 major nodes in the
spirit of the railway introduction, that is, by finding the minimal path to connect areas
of interest to the coast for each railway line defined by periods of planning/construction
(pre-1912, 1916-1930, and 1964). The result of this simple algorithm is shown in Figure
2.

The instrument for being within 20 km of a rail line is defined as the log of the dis-

4We categorize an individual as being literate if they can read some or parts of a sentence. We deem
them as utilizing media resources (newspaper, radio, TV) if they use these resources at some point during
a month. We adopt broad and inclusive definitions in order to provide conservative estimates, and deal
with concerns about arbitrary cutoffs for inclusion into these categories. Our results are in fact stronger if
literacy is limited to individuals who can only read whole sentences, or to individuals who use media at
least once a week.
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tance to node-joining straight lines. All observations within the same local government
area as a node are dropped. Only “intermediate” observations are used to estimate the

specification.

3.2.3 Identification Checks

We use a number of exercises to confirm the causality of the effects we uncover.

Alternative Transportation Technologies. A natural concern with our empirical strate-
gies is that distances to straight lines connecting nodes could be correlated with roads
and other transportation 