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Abstract

Can railways promote development in late-developing agrarian economies? This article examines
Bulgaria between 1880 and 1910 using newly collected settlement-level data on population growth and
agricultural productivity. We employ an inconsequential-units instrumental variable strategy based on
least-cost paths. Railway access increased annual population growth by 0.6 percentage points and raised
grain and cash-crop productivity by around 12 and 109 kilograms per decare of sown land, respectively.
Productivity gains were larger in settlements farther from major export ports, consistent with railways
promoting development by facilitating agricultural commercialisation and improving access to foreign
markets.
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1. Introduction

The role of transport infrastructure in economic development has long occupied a central place in
economic history. A large literature has examined how railway expansion shaped local and regional
development, including population growth, structural change, and other outcomes during the long
nineteenth century.! Yet this research has focused disproportionately on early industrialisers and
large economies, leaving the developmental consequences of railway expansion in late-developing
agrarian economies less well understood.? This paper addresses this gap by examining the impact

of railway access on economic development in Bulgaria between 1880 and 1910.

Bulgaria offers a revealing setting in which to study these effects. Emerging as an autonomous state
in 1878 after centuries of Ottoman rule, Bulgaria embarked on an ambitious programme of state-
building and economic modernisation in which railway construction played an important role. Over
the following three decades, the state substantially expanded the railway network, linking
previously disconnected regions, major commercial centres, and export outlets on the Danube and
the Black Sea. Railway expansion therefore coincided with the consolidation of the national
economy and its growing integration in international markets. At the same time, Bulgaria remained
overwhelmingly agrarian, making it possible to assess whether modern transport infrastructure

could promote development primarily through agriculture rather than industrialisation.

This tension between limited structural transformation and considerable dynamism within
agriculture makes the Bulgarian case particularly informative. Around 1910, agriculture employed
as much as 80 per cent of the labour force and generated approximately 60 per cent of GDP, while
industrial activity remained limited (Kopsidis and Schulze 2021, p. 50). Over the period under study,
GDP per capita stagnated over the studied period as aggregate output and population grew at
broadly similar average annual rates of around 1.4 per cent (lvanov and Kopsidis 2023, p. 170). Yet
this aggregate picture masks important signs of agricultural development. The agricultural sector
expanded sufficiently to support a growing population (Ivanov and Tooze 2007, pp. 684—690), while
agricultural labour productivity compared favourably with other agrarian economies in
Southeastern Europe and Russia (Ivanov and Kopsidis 2023, p. 175). Moreover, agricultural exports

grew substantially faster than those of other Eastern European economies (lvanov and Kopsidis

1See, for example, Berger and Enflo (2017), Bogart et al. (2022), Braun and Franke (2022), Chaudhary and Fenske (2023),
Ciccarelli et al. (2021), Donaldson (2018), Donaldson and Hornbeck (2016), Fogel (1964), and Hornung (2015).

2 Examples include Berger (2019), Bogart et al (2024), Hanedar and Uysal (2020), Maravall (2019), Neubert and Nikoli¢
(2026). South-eastern Europe remains underrepresented in this literature.



2023, p. 176). These contrasting aggregate trends raise an important empirical question: did railway

expansion contribute to local population growth and agricultural productivity?

To answer this question, we construct a novel dataset combining population censuses and
agricultural statistics covering more than 350 Bulgarian settlements. The population panel covers
all seven censuses conducted between 1880 and 1910. Following the economic history literature on
railways, we use population growth as our baseline measure of economic activity. Because the
settlements in our sample remained predominantly agricultural rather than modern towns
dominated by industry and services, we complement the population data with settlement-level
agricultural statistics for 1905. These report, separately for grains and cash crops, total output and
the corresponding area sown, allowing us to calculate settlement-level land productivity for each
crop category. Finally, we combine these sources with a time-varying GIS dataset of the Bulgarian

railway network and calculate each settlement’s distance to the nearest railway line.

Our analysis examines whether settlements that gained railway access experienced faster
population growth or higher land productivity than settlements without railway access. Estimating
the economic effects of railway access poses well-known econometric challenges, as railway lines
were placed to connect major urban centres. To address this endogeneity, we adopt an
inconsequential-units approach and instrument railway access with least-cost paths derived from
geographic features. This instrumental variable strategy exploits quasi-random variation in
connectivity generated by terrain and construction costs rather than by local economic potential.
The specifications also include settlement-level controls and district and time fixed effects.
Therefore, our identification strategy allows us to isolate the effect of railway access on subsequent

economic outcomes.

Our results show that railway access had a statistically and economically significant impact on local
development. Settlements connected to the railway network experienced faster population growth
and higher land productivity than otherwise comparable unconnected settlements. On average,
railway access increased annual population growth by approximately 0.6 percentage points
between 1880 and 1910. In 1905, connected settlements also produced around 12 kilograms more
grain and 109 kilograms more cash crops per decare of sown land. The cash-crop results do not

reflect entry into production alone: when we restrict the sample to settlements already cultivating



cash crops, the estimated effect remains large and positive, indicating substantial productivity gains

on the intensive margin.

We also uncover substantial heterogeneity in the effects of railway access according to initial access
to foreign markets. We proxy access to export demand using distance to the nearest major Bulgarian
port on the Danube river or the Black Sea, which served as the principal outlets for agricultural
exports during the period. The productivity gains from railway access were larger in settlements
located farther from these ports. This pattern suggests that railways disproportionately benefited
areas with initially weaker foreign market access by enabling more distant agricultural regions to
reach export outlets. Railway expansion therefore raised the returns to agricultural production most
strongly where transport constraints had previously been most binding. Overall, the findings
indicate that railways promoted economic development by lowering transport costs, improving

market access, and facilitating the commercialisation of agricultural production.

This paper speaks directly to long-standing debates in the economic history of Bulgaria and, more
broadly, of Ilate-developing European economies. In particular, it engages contrasting
interpretations of the role of railways, agriculture, and state policy in shaping Bulgaria’s prewar
economic development. In his classic account, Gerschenkron argued that late developers could
overcome their initial backwardness by borrowing advanced technologies and institutions from the
industrial core (Gerschenkron 1962). Railways, in this view, represented a quintessential form of
‘borrowed’ technology capable of integrating markets and promoting economic development. Yet,
Gerschenkron also maintained that Bulgaria failed to use its railway network in a concentrated effort
to stimulate industry, while its agriculture remained too poor, stagnant, and inefficient to provide
either a raw-material base or sufficient demand for manufactured goods (Gerschenkron 1962, pp.
230-232). Palairet offered an even more pessimistic interpretation of the Bulgarian case. He argued
that state ownership and management blunted the railway’s transformative potential, while the
persistence of subsistence-oriented peasant farming ‘retarded’ commercialisation and inhibited
industrialisation (Palairet 1997, pp. 327—-330). Both accounts therefore locate the roots of Bulgaria’s
relative backwardness in domestic supply-side constraints, particularly the limited responsiveness
of peasant agriculture to market incentives (Gerschenkron 1962, pp. 225-226, 232; Palairet 1997,
pp. 173-202, 340, 357-370).



A more recent literature challenges this pessimistic reading (Ivanov and Tooze 2007; Kopsidis and
Ivanov 2015; Ivanov and Kopsidis 2023). lvanov and Kopsidis, in particular, document rapid export
growth in the late nineteenth and early twentieth centuries, driven primarily by grain, and interpret
this as evidence of increasing commercialisation in Bulgarian agriculture. In their account, peasants
were not passive subsistence producers but responded actively to market opportunities, while
railway expansion helped connect grain-producing regions to foreign demand (lvanov and Kopsidis
2023, pp. 176—-178). Crucially, this interpretation shifts attention away from industrialisation as the
sole benchmark of development. If Bulgarian railways were geared principally to support
agricultural exports rather than domestic manufacturing, their economic significance should be
assessed in terms of broader local development and agricultural productivity, rather than

industrialisation alone.

Our results contribute to this debate by providing direct empirical evidence on the local economic
effects of railway expansion. Using newly-collected settlement-level data, we show that railway
access increased agricultural productivity and supported population growth, consistent with the
view that railways strengthened the commercial viability of agriculture rather than entrenching
subsistence production. By documenting productivity gains at the local level — and showing that
these gains were largest in settlements facing the greatest initial constraints on access to export
markets — our findings provide econometric support for the argument that railway expansion
facilitated agricultural commercialisation and integration into foreign trade. More broadly, the
Bulgarian case demonstrates that railways could play and important developmental role in a late-

developing agrarian economy by supporting population growth and raising agricultural productivity.

2. Historical background

2.1 Economic development

Bulgaria entered the late nineteenth century as a newly autonomous state emerging from nearly
five centuries of Ottoman rule. The Treaty of Berlin in 1878 established the Principality of Bulgaria
in the north, while the southern province of Eastern Rumelia remained under Ottoman suzerainty
until the two territories were de facto united in 1885. Eastern Rumelia continued to be an Ottoman

province de jure until 1908, when Bulgaria declared independence.

Bulgaria remained overwhelmingly agrarian throughout the late nineteenth and early twentieth

centuries (Berov 1978, p. 106). The economy was oriented toward the production and export of raw
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materials and foodstuffs, with grains accounting for the largest share of primary-sector output and
exports (Ilvanov and Kopsidis 2023, p. 170; Stanev et al. 2011, p. 119). Other agricultural exports
included roses, wine, wool, vegetables, and a range of cash crops (lvanov and Kopsidis 2023, p. 177;
Ivanov and Tooze 2007, p. 697). By contrast, the secondary sector remained limited in scale.
Manufacturing was dominated by small-scale and proto-industrial activities, especially textiles. In
1910, the secondary sector accounted for only around 10 per cent of GDP (lvanov and Kopsidis 2023,
p, 171). The tertiary sector grew more rapidly, rising from roughly 20 per cent of GDP in 1887 to
around 30 per cent in 1910, reflecting commercial expansion and the gradual development of
services (lvanov and Kopsidis 2023, pp. 171-184). Even so, aggregate economic growth remained
modest. Between 1870 and 1910, GDP grew at an average annual rate of 1.44 per cent, while GDP

per capita remained broadly stagnant (Kopsidis and Schulze 2021, pp. 42—-44).

Aggregate economic indicators present a relatively pessimistic picture of Bulgarian development,
but this national perspective obscures important changes in local economic activity. A closer
examination within sectors reveals a more dynamic process of commercialisation. Even in the
absence of substantial structural transformation, agriculture and trade became increasingly
interconnected, as production responded to expanding domestic and foreign demand. (Ilvanov and
Kopsidis 2023, p. 193). Rising exports encouraged greater agricultural specialisation and made
market exchange an increasingly important source of peasant income (lvanov and Kopsidis 2023, p.
172). These changes also reshaped Bulgaria’s economic geography: older proto-industrial regions in
the mountainous south declined in relative importance, while the fertile plains of the north gained

prominence as centres of agricultural production (Palairet 1983, p. 347).

As production became increasingly export-oriented, transport infrastructure assumed growing
economic importance. Expanding trade raised the value of connecting inland agricultural regions to
commercial centres and foreign markets, making transport costs a key constraint on further
development. At the same time, Bulgaria rapidly expanded a railway network geared primarily
towards agricultural trade (lvanov and Kopsidis 2023, p. 177). By reducing the cost of transporting
bulky commodities, railways encouraged more intensive grain production and strengthened the
links between agriculture and trade (Kopsidis and Schulze 2021, p. 58). Bulgaria’s transport

revolution was therefore closely tied to the commercialisation of its economy.



2.2 Railways

Railways were widely regarded as a crucial instrument of development in economically backward
countries (Berend and Ranki 1982, pp. 94-96). Bulgarian officials and policymakers likewise viewed
railway expansion as essential to national prosperity and economic integration (Council of Ministers
1912, p. 695). As Figure 1 illustrates, the railway network connected different parts of the country
through major administrative and strategic nodes, and linked inland regions to ports on the Danube
and the Black Sea (Stanev et al. 2021, pp. 1607-1608; Stanev et al. 2011, pp. 130-131). By reducing
the cost of transporting bulky agricultural goods, railways facilitated domestic and foreign trade,
becoming a central part of Bulgaria’s export-oriented development (lvanov and Kopsidis 2023, p.

177).

The Bulgarian railway network developed in two principal phases: an initial period between 1866 to
1875, while Bulgaria remained part of the Ottoman Empire, and a second phase of rapid expansion
between 1888 to 1908.3 The earliest lines were constructed and operated by foreign investors
holding Ottoman concessions. The first was the Ruse—Varna railway, built between 1864 and 1866.
This 223-kilometre standard-gauge line crossed north-eastern Bulgaria, linking the Danube port of
Ruse with the Black Sea port of Varna. Conceived as part of the Ottoman Empire’s modernisation
effort, the line was concessioned to a British company associated with the Barkley brothers and
William Gladstone, a cousin of the British statesmen of the same name (Dzhaleva-Chonkova 2007,
p. 16; Jensen and Rosegger 1968, p. 119). Operation was transferred in 1873 to Baron Maurice de
Hirsch, a prominent Austro-Hungarian entrepreneur. In the same year, Baron Hirsch opened the
204-kilometre Belovo—Lyubimets line, which formed part of the wider route connecting southern
Bulgaria with Constantinople. A 106-kilometre branch from Tirnovo-Seymen to Yambol followed in
1875 (Dzhaleva-Chonkova 2007, pp. 16—17). Hirsch financed these lines through the Chemins de fer
Orientaux, or Oriental Railway Company, as part of a broader ambition to connect Constantinople
with Vienna along the route of the ‘Orient Express’ (Dzhaleva-Chonkova 2007, pp. 16—17). The two

lines remained privately operated until 1888.

Between the two construction periods, railway ownership and development became the subject of

intense political debate (Dzhaleva-Chonkova 2007, p. 17). Following the Treaty of Berlin in 1878, the

3 We refer to ‘Bulgaria’ as the geographical area that includes both the Principality of Bulgaria and Eastern Rumelia.
The ‘Bulgarian state’ refers to the Principality of Bulgaria.



newly established Principality of Bulgaria was required to finance and complete several railway
projects inherited from the Ottoman period, including the Bulgarian section of the unfinished trunk
line between Vienna and Constantinople. This imposed a substantial financial burden on the new
state, particularly because parts of the network remained under the ownership of the Oriental
Railway Company (Crampton 2005, p. 84, 92; Dzhaleva-Chonkova 2007, p. 17). The unification of
the Principality with Eastern Rumelia in 1885 marked a turning point. In the same year, the
government passed the Railway Act, laying the institutional foundations for a nationally owned and
operated railway system (Crampton 2005, p. 94). The lines within the Principality were subsequently
brought under the Bulgarian State Railways (BDZh), established in 1888, while those in the former
Eastern Rumelia remained under the control of the Oriental Railway Company until their acquisition

by the Bulgarian state in 1908 (Crampton 2005, p. 121).

The second phase of railway construction began with the accession of Ferdinand | as Prince of
Bulgaria in 1887 and continued until the declaration of independence in 1908. The new government
prepared a programme for expanding the network with the explicit aim of developing the country’s
productive capacity (Crampton 2005, p. 101). Two important measures followed: legislation
authorising the construction of several new lines and the establishment of full state control over
railway construction, ownership, and operation (Council of Ministers 1912, p. 698). In 1888, in
accordance with the Treaty of Berlin, the Bulgarian state purchased the Ruse—Varna line from its
British owners (Crampton 2005, p. 105). The same year also saw the completion of the 114-
kilometer Tsaribrod—Sofia—Vakarel line. Constructed by a Bulgarian company using domestic labour
and capital, it was the first railway built by Bulgarian enterprise (Council of Ministers 1912, p. 696).
The connecting Vakarel-Belovo section, which extended into Eastern Rumelia and had been
constructed by the foreign company Vitalis, was subsequently taken over by the Bulgarian State

Railways (Dzhaleva-Chonkova 2007, p. 17).

From this point onward, railway development was increasingly directed towards Bulgaria’s national
economic priorities (Stanev et al. 2011, pp. 125-126). A central objective was to connect the major
Black Sea ports of Varna and Burgas with inland regions, thereby providing agricultural producers
with improved access to export markets (Council of Ministers 1912, pp. 701, 710). The country’s
physical geography strongly influenced the network’s design. Because the Stara Planina mountain

range divided northern and southern Bulgaria, the government developed the system around Sofia,



which emerged as the country’s principal transport hub (Stanev et al. 2011, p. 126). Successive
railway acts supported the construction of routes linking Sofia with Burgas and Varna, while
additional branch lines connected other economically important locations (Council of Ministers
1912, p. 701). These included the principal Danube ports and the 34-kilometre Sofia—Pernik line,
which provided access to the coalfields at Pernik (Crampton 2005, p. 115).

As a result, Bulgaria’s railway network expanded considerably, growing from 553 km in 1880 to
1,692 km in 1910. The network was closely managed by the state, with increasingly Bulgarian
personnel in its administration and operation. Public investment in railways was also reflected in
the rapid expansion of railway rolling stock. The number of locomotives rose from 97 in 1905 to 196
in 1912, while the number of wagons increased from 2,176 to 4,980 over the same period. The
composition of the wagon fleet reveals the network’s commercial orientation: freight wagons
accounted for 90.4 per cent of the total, compared with only 5.4 per cent for passenger transport,
while the remaining 4.2 per cent consisted mainly of wagons used for state services (Council of

Ministers 1912, pp. 715-722).

As export-oriented trade intensified, Bulgaria invested heavily in modernising its port infrastructure.
Burgas and Varna stood at the forefront of these efforts, with new facilities that allowed safer,
cheaper, and more efficient handling of agricultural cargo. The railway network connected to these
two ports, liking inland regions of both northern and southern Bulgaria with the Black Sea, and
through it, to foreign markets. Following the opening of the modern ports, export activity expanded
rapidly: shipments through Burgas rose from 139 thousand tonnes in 1907 to 246 thousand tonnes
in 1911, while those through Varna increased from 179 thousand tonnes to 302 thousand tonnes

over the same period (Council of Ministers 1912, pp. 737-738).

Despite the growing importance of maritime trade, the Bulgarian state did not neglect the economic
role of the Danubian ports. These ports received substantial investment to stimulate commercial
activity, while new branch lines connected them to the main railway network. These developments
created an integrated transport system linking inland agricultural producers to both Danubian and

Black Sea export routes (Council of Ministers 1912, pp. 739-740).



2.3 Export trade

Bulgaria’s integration into international trade deepened markedly during the late nineteenth and
early twentieth centuries. Although the country traded with a broad range of partners, its
commerce was concentrated in a relatively small number of foreign markets. As Table 1 shows, six
countries accounted for nearly 90 per cent of total trade. The Ottoman Empire was Bulgaria’s largest
trading partner, representing roughly one-third of the total. This pattern reflected both
geographical proximity and established commercial links across the Black Sea. More generally, the
growing orientation of Bulgarian trade toward markets accessible by sea increased the economic

importance of transport connections linking inland production centres to major export ports.

The geography of Bulgarian exports further highlights the importance of waterborne trade. Between
1893 and 1910, most exports were transported by river or sea rather than overland (Figure 2). On
average, around 30 per cent passed through Danube ports and a further 43 per cent through Black
Sea ports, meaning that approximately 73 per cent of all exports relied on waterborne transport.
Land routes remained relevant, particularly for trade with neighbouring countries, but accounted
for a smaller share overall. This pattern helps explain the economic significance of railway
expansion. By connecting inland agricultural areas to ports on the Danube and the Black Sea,
railways lowered the cost of reaching foreign markets and strengthened the export orientation of

agricultural production.

Export activity was concentrated in a small number of ports. Five ports together handled nearly half
of all Bulgarian exports, including goods transported by both water and land (Table 2). The two
largest, Burgas and Varna on the Black Sea, were especially important and jointly accounted for
around 37 per cent of total exports by 1910. At the same time, the principal Danubian ports — Ruse,
Svishtov, and Vidin — also played a significant role, together handling approximately 10 per cent of
total exports. This concentration of exports in a limited number of outlets is important for the
empirical analysis that follows. It indicates that proximity to major ports was an important
determinant of access to foreign markets and provides historical justification for using distance to

the nearest port to examine whether the effects of railway access varied with initial market access.
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3. Data

3.1 Settlement population

We compile a novel panel dataset tracking the population of more than 350 Bulgarian settlements
between 1880 and 1910. Our principal source is the Bulgarian General Directorate of Statistics’
(1921) publication, List of Populated Settlements in the Kingdom of Bulgaria from the Liberation
(1879) up to 1910. It reports the present population in seven census years: 1880, 1884, 1887, 1892,
1900, 1905, and 1910. The source is particularly valuable because it standardises population records
across successive censuses, harmonising changes in settlement names and accounting for
administrative and territorial adjustments. Before unification in 1885, the territories included in our
study were divided between the Principality of Bulgaria in the north and Eastern Rumelia in the
south. Accordingly, population figures begin in 1880 for northern settlements and in 1884 for
southern settlements. From 1887 onwards, the source provides consistent coverage of settlements

across the unified country.

We analyse 352 most populous settlements in Bulgaria at the beginning of the studied period,
defined as those with more than 2,000 inhabitants in their earliest recorded census year. A
threshold of 2,000 inhabitants is commonly used in historical studies of urbanisation in relatively
less urbanised countries (Bairoch and Goertz 1986, pp. 287). It was also employed by Bulgarian
demographers in compiling the census records to distinguish towns and larger villages from smaller

rural settlements (General Directorate of Statistics, 1907).

Figure 3 illustrates the evolution of the railway network alongside average annual population
growth in the sample settlements across five inter-census intervals: 1880/1884-1887, 1887-1892,
1892-1900, 1900-1905, and 1905-1910. The spatial patterns suggest that population growth

tended to be stronger in settlements located closer to railway lines.

Figure 4 provides further descriptive evidence by comparing cumulative population growth between
settlements that had received railway access by 1910 and those that remained unconnected. Over
the studied period, cumulative population growth was 48.1 per cent in connected settlements,
compared with 33.3 per cent in unconnected settlements — a substantial difference of 14.8

percentage points.
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3.2 Agricultural productivity

Consistent with the structure of the Bulgarian economy, the settlements in our sample remained
predominantly agricultural rather than industrial or service-based towns. Even the largest urban
centres retained a strong agrarian character (Todorov 1983, pp. 88-92).% In 1905, for example, Sofia
— the capital and largest city, with more than 80,000 inhabitants — produced nearly 900 tonnes of
grains. This illustrates the continued importance of agriculture to local economic activity, including
in major towns. To measure this dimension of development more directly, we collect settlement-
level agricultural data for 1905 (General Directorate of Statistics, 1908).°> These statistics report,
separately for grains and cash crops, total output and the corresponding area sown in each
settlement.® We use these data to calculate land productivity for each crop category, defined as
output per unit of sown land. Figure 5 maps settlement-level land productivity and suggests that
the productivity of both grains and cash-crops tended to be higher in settlements located closer to

railway lines.

3.3 Railway access

To measure railway access, we use a newly digitised, time-varying GIS dataset of the Bulgarian
railway network. We combine the railway network with the geographic coordinates of the sample
settlements to calculate the distance from each settlement to the nearest railway line in each census
year. In our baseline specifications, a settlement is defined as having railway access if it lies within
10 kilometres of a railway line. In the Appendix, we assess the robustness of the results to

alternative distance thresholds.

As discussed in Section 2, at the beginning of the studied period Bulgaria had two principal railway
lines and one branch line, with a combined length of 553 kilometres, all constructed and operated
by foreign investors prior to unification.” Following unification in 1885, the Bulgarian state

nationalised and substantially expanded the railway system by constructing new trunk and branch

4 Nikolai Todorov’s seminal work shows that cities within the Bulgarian territory retained their extensive agricultural
character during Ottoman rule, with many urban dwellers reliant on agricultural income.

5 Similar settlement-level agricultural data are available for only two other years, 1903 and 1904. We use the 1905 data
because they coincide with a census year and represent the latest year for which these statistics are available.

6 The sources label cash crops as ‘industrial plants and oil seeds’. The main cash crops in Bulgaria were rapeseed, sugar
beet, and tobacco, which accounted for approximately 53, 34, and 6 per cent of total cash-crop output in 1905,
respectively.

7 The first was the Ruse—Varna line, opened in 1866, and the second was the Belovo—Svilengrad line, opened in 1873,
with a connection to Yambol through Nova Zagora added in 1875.
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lines. By 1910, the network had reached 1,692 kilometres, more than tripling in length over the

studied period.

3.4 Control variables

To address potential confounding factors, we assemble a detailed set of settlement-level controls
capturing physical and economic geography. We include measures of elevation, slope, and
ruggedness derived from the SRTM 30-meter Digital Elevation Model (DEM), which account for
differences in terrain, construction difficulty, and cultivation conditions. We also control for distance
to navigable rivers using HydroRIVERS data, since waterways may have provided alternative
transport routes and facilitated trade independently of railway access. Climatic conditions are
captured by mean rainfall and temperature, obtained from the CRU-TS v4.09 dataset, both of which
influenced agricultural potential and crop yields. Finally, we account for local mineral endowments
that by including a measure of proximity to coal fields based on the U.S. Geological Survey’s Mineral

Facilities of Europe.

Using information from the earliest available population censuses, we classify settlements according
to their administrative status, distinguishing market centres from ordinary settlements. These
classifications capture differences in local governance, commercial infrastructure, and economic
importance. To approximate access to domestic markets, we calculate the logarithm of the distance
from each settlement to the nearest market centre. This measure allows us to distinguish the effect

of railway access from broader differences proximity to local demand.

To account for access to foreign markets, we construct a measure based on proximity to Bulgaria’s
principal export ports. Maritime and river ports were central to the country’s grain trade, and their
importance increased as railways expansion increasingly connected inland agricultural regions to
external markets (Stanev et al. 2017, pp. 1607, 1616). We identify the five largest export-oriented
ports at the beginning of the studied period — Burgas and Varna on the Black Sea, and Ruse, Svishtov,
and Vidin along the Danube — using their recorded shares of exports.2 We then use GIS software to

calculate the geodesic distance from each settlement to the nearest of these ports. This distance-

8 Statistical Office (1889, pp. 12—13). The same ports remain significant throughout the studied period (Table 2). The
Danubian and Black Sea ports are mentioned in other works by Todorov (1983, p. 99) for pre-1878 and Lampe and
Jackson (1982, p. 191) for post-1878.
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based measure captures pre-existing differences in access to foreign markets and serves as our

proxy for export market access in the heterogeneity analysis.

3.5 Summary statistics

Table 3 reports descriptive statistics for the variables used in the analysis. Columns 1 and 2 present
the mean and standard deviation for the full sample, while Columns 3 and 4 report mean values
separately for settlements with and without railway access. Column 5 presents p-values from t-tests
of differences in means between the two groups. The upper panel summarises average annual
population growth, the middle panel reports the cross-sectional data on agricultural productivity
measures, and the lower panel presents the settlement-level control variables. After excluding the
20 consequential nodes described in Section 4, the population-growth panel contains 1,650
settlement-period observations across five inter-census intervals.’ The agricultural productivity
sample comprises 329 settlements.'° The time-invariant control variables are available for all 332
settlements in the estimation sample, except for the missing initial population of Novachene and

Sadovets.!

The descriptive statistics reveal systematic differences between settlements with and without
railway access. Connected settlements recorded higher population growth and agricultural
productivity on average. Annual population growth was approximately 2 per cent in settlements
with railway access, compared with around 1 per cent in unconnected settlements, and the
difference is statistically significant. Connected settlements also produced, on average, 12 kilograms

more grain and 42 kilograms more cash crops per decare of sown land.

9 After excluding the 20 nodes, the sample contains 332 settlements observed over five inter-census intervals,
implying a potential total of 1,660 settlement-period observations. Since 10 population growth observations are
missing (3 for Godech, 3 for Drugan, 3 for Sadovets, and one for Novachene), the resulting population-growth panel
contains 1,650 observations.

10 Settlement-level agricultural data are unavailable for Godech, Drugan, and Sliven, reducing the agricultural
productivity sample from 332 to 329.

1 In the panel analysis, this reduces the sample with the full set of settlement-level controls by six observations, from
1650 to 1644. Although initial population is missing for both Novachene and Sadovets in all five periods, four of these
ten potential observations (one for Novachene and three for Sadovets) are already absent because population growth
is missing. In the cross-sectional agricultural productivity analysis, which includes settlement-level controls, the
missing initial population for the two settlements reduces the number of observations from 329 to 327.
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4. Empirical strategy
Our baseline empirical strategy uses a panel data framework to estimate the effect of railway access
on settlement-level population growth between successive censuses. Identification exploits

variation in railway access across settlements within administrative districts and over time.

We begin by estimating the following specification using ordinary least squares (OLS):

PopulationGrowth;; = B RailAccess;y + vy X;t + 84 + T + € (1)

PopulationGrowth;, is the annualised log difference in population of settlement i between the
preceding census and census year t. The census years are 1880/1884, 1887, 1892, 1900, 1905, and
1910, yielding five inter-census periods.’?> Because inter-census intervals differ in length, we
annualise population growth by dividing the log population difference by the number of years
between the two censuses. RailAccess;; is a binary indicator equal to one if settlement i lies within

10 kilometres of a railway line in census year t, and zero otherwise.

The vector X;; contains settlement-level controls for initial population, geographical characteristics
(elevation, slope, ruggedness, rainfall, temperature, distance to nearest navigable river, and
distance to nearest coal deposit), distance to nearest market town and distance to nearest port.
Initial population controls for potentially divergent growth trajectories among larger and smaller
settlements. Geographical controls account for agricultural potential and transport costs
independent of railway access, while proximity to local markets and ports captures access to
domestic and foreign markets, respectively.

District fixed effects, §,, absorb time-invariant unobserved characteristics shared by settlements
within the same administrative district (d = 30), such as institutional quality or district-level
infrastructure. Time fixed effects, t;, capture nationwide shocks common to all settlements,
including macroeconomic fluctuations, changes in trade policy and tariffs, and movements in global
commodity prices. Because the error term, &;, may be spatially correlated across settlements

connected to similar parts of the railway network, we cluster standard errors at the level of 83

12 For settlements in the Principality of Bulgaria, the first observation corresponds to 1880; for settlements in Eastern
Rumelia, the first observation is in 1884. We account for the initial observed year when annualising population growth.
13 The 10 km threshold for railway access is standard in the literature on historical railways. In the Appendix, we vary
this threshold to evaluate the results under different assumptions.
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subdistricts.'® The baseline results remain virtually unchanged when we instead use Conley standard

errors.’

4.1 Instrumental-variables strategy

Estimating Equation (1) by OLS requires railway access to be as good as randomly assigned,
conditional on the included controls. This assumption is unlikely to hold as railways were typically
designed to connect economically important centres. Railway access may therefore be correlated
with both observable settlement characteristics, such as initial population, and unobservable
factors, such as expectations of future growth. In that case, OLS estimates would conflate the true
effect of railway access with pre-existing differences between connected and unconnected

settlements.

To address this concern, we adopt the inconsequential-units instrumental variable approach. This
strategy distinguishes between ‘consequential’ and ‘inconsequential’ locations. Consequential
places — such as large urban centres or major administrative hubs — were likely to receive railway
connections because of their economic or political importance. By contrast, other settlements
gained railway access not because of their intrinsic importance, but because they happened to lie
along cost-minimising routes connecting consequential endpoints. For these inconsequential
locations, railway access was determined primarily by engineering constraints and construction

costs.1®

Implementing this strategy involves two main steps. First, we identify the consequential places and
exclude them from the identifying variation. Second, we construct least-cost paths connecting these

locations. The following subsection explains how we operationalise each step.

Following the standard approach, we identify consequential places, or nodes, on the basis of their
economic, political, and strategic importance. Our classification draws on observed pre-railway

settlement characteristics and the historical evidence on railway planning and construction

14 Clustering at the district level would lead to a small number of clusters problem (Cameron and Miller, 2015).

15 See Tables S6-S8 in the Appendix. We use a 25-kilometre distance cutoff, approximately equal to the average
distance between sub-district capitals. The results are robust to doubling or tripling this cutoff.

16 See Council of Ministers (1912, pp. 695-708). The government carried out extensive surveys to determine optimal
cost-minimising routes, with several planned lines being abandoned due to high costs.
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discussed in Section 2. The procedure yields 20 nodes, including major urban and administrative
centres, locations on the Vienna-Constantinople railway corridor, important river and sea ports, and
other significant hubs within the railway network. Table S.1 in the Appendix lists these nodes and
summarises the principal rationale underlying their selection. By construction, the consequential
settlements are excluded from the identifying variation because their railway access was likely
determined by their intrinsic importance rather than by quasi-random proximity to cost-minimising

routes.

Figure S.1 in the Appendix illustrates the least-cost paths (LCPs) connecting the selected nodes. We
construct the simulated network sequentially, following the chronology of railway expansion.
Beginning with the connection between Ruse and Varna, we add cost-minimising routes between
nodes in the order in which they gained railway access, continuing until every node is connected to

at least one other node in the simulated network.

Importantly, we do not expect the least-cost paths to correspond perfectly with to the realised
railway network. The simulated LCP network represents the routes that would have connected the
selected nodes under cost-minimising engineering considerations. It is not intended to reproduce
every actual railway line to every possible connection between nodes. Rather, the least-cost paths

isolate the component of railway placement attributable to topography and construction costs.

To compute cost-minimising routes, we construct a cost surface based on distance and terrain slope.
We calibrate the relevant cost parameters using historical data on railway construction costs per
kilometre, expressed in leva, from the Council of Ministers (1912) report to the Tsar. For each
completed railway line, we calculate mean slope in degrees using ArcGIS and match this measure to
the corresponding construction costs per kilometre. A regression of construction costs on average
slope yields an estimated baseline construction cost of approximately 16,500 leva per kilometre and
an additional cost of roughly 36,500 leva for each degree of slope.” We use these estimated

parameters in the least-cost path algorithm to simulate the least-cost paths between nodes.

17 The relative values of the estimated construction costs are in line with estimates for 19th-century Bosnia-
Herzegovina reported by Neubert and Nikoli¢ (2026).
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Finally, we construct an instrumental variable equal to one if a settlement lies within 10 kilometres
of a least-cost path available at time t, and zero otherwise. Conditional on the included controls and
fixed effects, this LCP indicator predicts actual railway access through variation generated by
topography and construction costs. We use it to instrument railway access in the population-growth

and agricultural-productivity specifications.

5. Results

5.1 Population growth

Table 4 reports the OLS and instrumental variable (IV) estimates of Equation 1. Columns 1 and 3
present the OLS results, while Columns 2 and 4 report the corresponding IV estimates based on the
least-cost path instrument. Columns 1 and 2 include district and time fixed effects, whereas
Columns 3 and 4 additionally control for the full set of settlement-level characteristics described

above.

The main finding of Table 4 is that railway access significantly increased population growth. The
coefficient on railway access is positive and highly statistically significant. In the models without
settlement-level controls, the OLS estimate implies that railway access raised annual population
growth by 0.6 percentage points, while the corresponding IV estimate is 0.8 percentage points. After
adding the full set of controls, the OLS coefficient is 0.4 percentage points and the IV estimate is 0.6
percentage points. Our preferred estimate, reported in Column (4), indicates that settlements
located within 10 kilometres of a railway experienced annual population growth approximately 0.6
percentage points higher than otherwise comparable settlements within the same district and
period. Relative to sample mean annual growth rate of around 1.4 per cent, this represents an
increase of approximately 40 per cent. The estimated effect is therefore both statistically and

economically significant.

Comparing the OLS and IV estimates provides some indication of the direction of selection bias in
the baseline specification. The IV coefficients are somewhat larger than the OLS coefficients,
suggesting that OLS may understate the true effect of railway access. One possible explanation is
negative selection into treatment: if railways were extended to settlements with weaker underlying
growth prospects, then OLS estimates would be biased downward. A complimentary interpretation

concerns the local average treatment effect identified by the instrument. Because consequential
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nodes are excluded from the estimation sample, the IV estimates capture the effect of railway
access for relatively smaller settlements whose connection resulted from quasi-random proximity
to cost-minimising routes. For these settlements, marginal improvements in connectivity may have
generated larger gains in population growth. The first-stage relationship is strong, with F-statistics

comfortably exceeding conventional thresholds, alleviating concerns about weak instruments.

These findings are robust to a several alternative specifications reported in Tables $2-54 in the
Appendix. First, lagging railway access by one census period produces estimates that are
guantitatively similar to the baseline results, indicating that the positive effect on population growth
continues beyond the period in which a settlement first gained railway access. Second, replacing
the binary railway access indicator with a continuous measure of railway exposure —the cumulative
number of years a settlement had been connected to the railway network by census year t — yields
closely comparable estimates. Third, varying the distance threshold around the baseline 10-
kilometre definition shows that the results remain similar when access is defined within 5
kilometres. In summary, robustness checks support the conclusion that railway access had a

positive and economically significant effect on population growth.

5.2 Agricultural productivity

We next examine whether railway access supported population growth by raising agricultural
productivity. In a predominantly agrarian economy such as Bulgaria’s, improvements in land
productivity offered a natural channel through which transport infrastructure could sustain
demographic expansion. Higher productivity could raise farm incomes, ease constraints on
subsistence, and enable settlements to support larger populations. By reducing transport costs and
expanding access to domestic and foreign markets, railways may also have increased the returns to
cultivation, encouraged agricultural commercialisation, and promoted more intensive use of land.
We therefore investigate whether the demographic gains documented above were accompanied

by improvements in agricultural productivity.

Bulgarian agricultural statistics provides a rare opportunity to test this mechanism. We use

settlement-level data on the production of grains and cash crops and the corresponding area sown

to calculate output per decare as a measure of land productivity in 1905. The timing of this outcome
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is informative. By 1905, the Bulgarian railway network had expanded substantially, allowing

sufficient time for railway access to influence cropping patterns and market participation.

Land productivity in 1905 therefore captures the cumulative, or relatively mature, effects of railway
expansion over the preceding decades. We estimate cross-sectional OLS and IV specifications in
which agricultural productivity is regressed on railway access, controlling for district fixed effects
and the full set of settlement-level characteristics. Identification exploits variation in railway access
across settlements within the same administrative districts. In 2SLS specifications, the least-cost

path instrument addresses to address endogeneity of railway placement.

Table 5 presents the results. Columns 1 and 2 report estimates for grain productivity, while Columns
3 and 4 focus on cash-crop productivity. Across specifications, railway access is associated with
higher land productivity. The IV estimates indicate that settlements with railway access produced
approximately 12 kilograms more grain per decare of sown land than comparable unconnected
settlements (Column 2). The corresponding effect for cash crops is even larger: connected
settlements yielded roughly 109 kilograms more per decare (Column 4). Given that the average
settlement in the sample produced approximately 105 kilograms of grain and 65 kilograms of cash
crops per decare, these effects are economically substantial. The comparatively stronger response
for cash crops is consistent with the view that railways facilitated agricultural commercialisation and
access to export markets, with higher-value added crops benefited disproportionately from

improved transport connections.

As an extension, we examine whether the positive effect of railway access on cash-crop productivity
reflects only entry into cash-crop production or also higher productivity among existing producers.
The baseline estimates in Table 5 use the full sample, including settlements reporting zero cash-
crop output, and therefore capture both the extensive-margin (entry into production) and intensive-
margin (higher output per unit of sown land among producers). To isolate the intensive-margin,
Table S.5 in the Appendix restricts the sample to settlements with positive cash-crop output. The
estimated effect remains positive and statistically significant. In the 2SLS specification, railway
access increases cash-crop productivity by approximately 130 kilograms per decare, indicating that
the baseline results are not driven solely by entry into production but also reflect substantially

higher productivity among settlements already cultivating cash-crops.
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5.3 Heterogeneity — distance to ports

Given the central role of agricultural exports in the Bulgarian economy — particularly the importance
of grain and cash-crop trade routed through its Danube and Black Sea ports (see Section 2) — we
next examine whether the effects of railway access varied with initial access to foreign markets.
Distance to the nearest export-oriented port captures pre-railway differences in access to foreign

demand and therefore provides a natural way to test this mechanism.

Table 6 examines heterogeneity in the cross-sectional agricultural productivity regressions.
Controlling for district fixed effects and settlement-level characteristics, we regress land
productivity in 1905 on railway access, centred log distance to the nearest port, and the interaction
between these two variables, which is the main variable of interest. Centring log port distance
means that the coefficient on railway access measures its effect at the sample mean of log distance
to ports. In 2SLS specifications, railway access is instrumented with the least-cost-path indicator,
while the interaction term is instrumented with the interaction between the least-cost-path

indicator and centred log distance to nearest port.

The results reveal clear heterogeneity in the effects of railway access on cash-crop productivity. The
interaction between railway access and centred log distance to the nearest port is positive and
statistically significant for cash crops, indicating that the productivity gains associated with railway
access were larger in settlements located farther from major export outlets. By contrast, the
corresponding interaction term for grain productivity is statistically insignificant, suggesting that the
effect on grain yields did not vary systematically with distance to ports. In the 2SLS specification
(Column 4), the coefficient on railway access implies that, at the sample mean of log distance to
nearest port, railway access increased cash-crop productivity by about 110 kilograms per decare.
The positive interaction coefficient shows that this effect increased with distance. For example, a
doubling of distance to the nearest port increased the estimated productivity gain from railway
access by roughly 98 kilograms per decare.'® This pattern suggests that railways were especially

important for inland settlements engaged in higher-value added agricultural production.

These findings are consistent with an export-integration mechanism. Settlements located near

major ports already enjoyed relatively favourable access to foreign markets, even without a railway

18 Since the interaction is specified in logarithmic distance, doubling port distance increases the interaction term by In(2)
= 0.693. The implied increase in the railway effect is therefore 141.5 x 0.693 = 98 kilograms per decare.
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connection. Inland settlements, by contrast, faced higher transport costs and weaker access to
export demand. For these locations, railway expansion represented a larger reduction in trade
frictions and a correspondingly greater increase in the profitability of agricultural production,
particularly for more commercially oriented crops. The stronger heterogeneity observed for cash
crops further supports this interpretation, since their production was likely more responsive to

market incentives than that of staple grains.

This pattern closely parallels recent findings on colonial railways in Nigeria, where the positive
economic effects of railways were likewise larger in areas with weaker pre-railway access to export
ports, particularly in the more remote northern regions (Okoye et al. 2019). In both settings,
railways generated their largest effects where access to international markets had initially been
most constrained. The similarity of these findings across distinct historical contexts points to a
broader mechanism: transport infrastructure produces especially large productivity gains when it
lowers barriers to export market access. More broadly, our results accord with recent economic
history scholarship emphasising the importance of market access in shaping the region’s

development (Morys 2021; Nikoli¢ 2018).

6. Discussion

Our findings speak directly to long-standing historical debates about the sources of Bulgaria’s
relative economic backwardness before the First World War. Our results are clear. Railway access
increased annual population growth and raised agricultural productivity, with particularly large
effects on cash crops. Moreover, the productivity gains from railway access were larger in
settlements located farther from major ports, indicating that railways disproportionately benefited
inland areas that initially faced weaker access to foreign markets. These results point to railway-led

development operating through agricultural commercialisation and increasing foreign exports.

These findings challenge the pessimistic interpretation associated with Gerschenkron and,
especially, Palairet. Gerschenkron portrayed Bulgarian agriculture as too poor, stagnant, and
inefficient to provide either an adequate supply of raw materials for industry or a sufficiently
dynamic market for manufactured goods. He also argued that railways were not used in a
concentred effort to promote industrial development (Gerschenkron 1962, pp. 230-232). Palairet

advanced an even more pessimistic account. In his view, the ‘peasantisation’ of the Bulgarian
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economy expanded subsistence production at the expense of the commercial sector, farmers
remained only weakly responsive to market incentives, and those with access to railways failed to
use them productively (Palairet 1997, pp. 311, 340, 363). He further maintained that state
ownership and management directed the railway system towards non-commercial objectives and
thereby retarded structural change (Palairet 1997, p. 327). Our findings are difficult to reconcile
with this interpretation. Settlements that gained railway access achieved higher agricultural
productivity, with pronounced gains in cash crops and in inland locations that initially faced weaker
access to foreign markets. Bulgarian peasants were therefore not simply locked into self-sufficient
production; rather, they responded productively to improved transport links and the market

opportunities these created.

By contrast, our results lend strong support to the more optimistic interpretation advanced by
Ivanov and Kopsidis. Their account describes Bulgarian agriculture as commercially responsive,
notes that agricultural incomes compared favourably with those in neighbouring Balkan economies,
and emphasises the rapid expansion of Bulgaria’s foreign trade, especially grain exports (lvanov and
Kopsidis 2023, pp. 174-178). They argue that Bulgaria after 1880 is best understood as a ‘wheat and
maize economy’ and suggest that this development was facilitated by the expansion of transport
infrastructure, above all a railway network geared towards grain exports rather than manufacturing
(lvanov and Kopsidis 2023, p. 177). Our evidence supports and extends this interpretation, while
challenging claims that state ownership of railways inhibited agricultural development (Lampe and
Jackson 1982, pp. 184, 190). Our settlement-level results suggest a plausible mechanism underlying
commercialisation: railway access increased agricultural productivity, with the largest gains
occurring in areas that initially faced weakest access to export outlets. This is precisely the pattern
one would expect if railways promoted commercial agriculture by connecting inland producers to

foreign demand.

The Bulgarian case therefore suggests an important refinement of classic arguments about
backwardness and modernisation. Gerschenkron viewed modern infrastructure as a form of
borrowed technology capable of helping late-developing economies overcome their backwardness,
but he largely assessed its success through the lens of industrial transformation. Our findings point
to a different path. In a predominantly agrarian economy, modern transport infrastructure could

generate substantial developmental gains even without producing rapid industrialisation. Railways
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promoted growth by raising agricultural productivity and improving access to foreign markets. This
does not undermine Gerschenkron’s broader emphasis on institutions and technology; rather it
suggests that the effects of ‘borrowed’ infrastructure depended on the comparative advantage of

the receiving economy (Lampe 1975, pp. 62-67).%°

The paper’s contribution is therefore twofold. First, it provides new empirical evidence that railway
expansion promoted local economic development in Bulgaria by accelerating population growth
and raising agricultural productivity. Second, it helps adjudicate a major historiographical debate by
showing that Bulgaria’s prewar economic weakness cannot be attributed simply to a passive,
subsistence-oriented peasantry incapable of responding to market incentives. Bulgarian producers
responded productively to improved market access, supporting the well-documented export

orientation of the Bulgarian economy during this period (Lampe and Jackson 1982, pp. 159-161).

7. Conclusion

This paper has examined the impact of railway access on economic development in Bulgaria
between 1880 and 1910. More broadly, it has sought to understand how transport infrastructure
shaped development in a late-developing, predominantly agrarian economy and to contribute to
long-standing debates over the sources of Bulgaria’s relative economic backwardness before the
First World War. Specifically, the analysis has asked whether railway expansion promoted local
population growth and agricultural productivity, and whether these effects operated through the

commercialisation of agriculture and improved access to foreign markets.

To answer these questions, we construct a new settlement-level dataset combining population
censuses, agricultural statistics, and a time-varying GIS dataset of the Bulgarian railway network.
The population panel covers more than 350 settlements across seven census years between 1880
and 1910, while settlement-level agricultural data for 1905 allow us to measure grain and cash-crop
productivity. We supplement these data with detailed controls for physical and economic
geography. To address the non-random placement of railway lines, we adopt an inconsequential-
units instrumental variable strategy, using least-cost paths between consequential railway nodes as

an instrument for railway access.

19 Lampe (1975) has discussed this comparative advantage of Bulgaria and Romania in reference to grain trade, which
shaped development of these economies before the First World War.
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The results show that railway access had a positive and economically significant effect on local
development. Settlements connected to the railway network experienced faster population growth
and higher agricultural productivity than otherwise comparable unconnected settlements. Our
preferred estimates indicate that railway access increased annual population growth by around 0.6
percentage points. In 1905, connected settlements also produced around 12 kilograms more grain
and 109 kilograms more cash crops per decare of sown land. These findings are robust to a range of

robustness tests.

The paper also sheds light on the mechanisms through which railways promoted development.
Productivity gains in cash crops were larger in settlements located farther from major export ports,
suggesting that railways disproportionately benefited inland areas with initially weaker access to
foreign markets. By reducing transport costs and connecting agricultural regions to export outlets,
railway expansion increased the returns to cultivation and supported the commercialisation of

peasant agriculture.

These findings contribute both to the economic history of Bulgaria and to the broader literature on
railways and development. They challenge the view that Bulgarian peasants remained confined in
subsistence production and were unable to respond productively to improved transport access. At
the same time, they suggest that the developmental significance of railways should not be assessed
solely through their contribution to industrialisation. In Bulgaria’s late-developing agrarian
economy, railways promoted development by accelerating population growth and raising

agricultural productivity.
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Figure 1. Bulgarian railway network, 1910

Notes: Figure illustrates Bulgarian railways in operation between 1880 and 1910 and key railway nodes. The

Principality of Bulgaria de facto united with the southern province of Eastern Rumelia in 1885.
Sources: Authors’ creation.
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Figure 2. Share of Bulgarian exports by land, river and sea (%), 1893-1910
Notes: Figure shows share of Bulgarian exports by Black Sea, Danube and land in the period 1893—1910. Bar
charts represent the percentage share of each export route in total export value.

Source: Statistical Office (1898); Statistical Office (1902); Statistical Office (1906); General Directorate of
Statistics (1911).
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Figure 3. Evolution of the railway network and settlement population growth, 1880-1910
Notes: Figure illustrates the expansion of the railway network and average annual population growth of

sample settlements between five inter-census intervals in the period 1880—1910.
Sources: Authors’ creation based on population data sources reported in Section 3.
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Cumulative Population Growth: Rail vs No Rail Access
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Figure 4. Cumulative settlement population growth: rail vs no rail access

Notes: Figure shows cumulative population growth comparing settlements that received railway access
during the studied period (Rail Access) and those that did not (No Rail Access).

Sources: Authors’ creation based on population data sources reported in Section 3.
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Figure 5. Agricultural productivity in sample settlements, 1905

Notes: Figure plots grain productivity (left) and cash crop productivity (right) measured in kilogram of output
per decare of sown land in 1905.

Sources: Authors’ creation based on agricultural data sources reported in Section 3.
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Tables

Table 1. Bulgaria’s main trading partners (%), 1886—-1910

Country 1886 1910

Austria-Hungary 17.8 6.1
Belgium 0.6 16.2
England 18 11.9
France 12.2 7
Germany 1.7 11
Ottoman Empire 36.3 34.3
Other countries 1.5 135

Notes: Table reports Bulgaria’s main trading partners in 1886 and 1910. Figures represent the percentage

share of total trade value.

Sources: Statistical Office (1889), General Directorate of Statistics (1911).

Table 2. Share of total exports by port (%), 1886-1910

Port 1886 1910

Burgas 7.2 15.7
Ruse 11.4 4.2
Svishtov 7.1 2.6
Varna 24.8 21.2
Vidin 2.7 3.6
Five-port total 53.2 47.2

Notes: Table reports export shares of Bulgaria’s largest ports in 1886 and 1910. Figures represent the
percentage share of total export value. Ruse, Svishtov, and Vidin are ports on the Danube River, while Burgas

and Varna are ports on the Black Sea.

Sources: Statistical Office (1889), General Directorate of Statistics (1911).
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Table 3. Descriptive statistics

Full sample Full sample Railway No railway
mean SD access mean access mean p-value
(1) (2) (3) (4) (5)
Average annual population growth during five inter-census periods
Population growth 0.01 0.02 0.02 0.01 0.00
Observations 1650 385 1265
Agricultural productivity in 1905
Grains per decare 104.54 33.55 113.63 100.69 0.00
Cash crops per decare 65.61 143.11 95.03 53.13 0.01
Observations 329 98 231
Settlement-level control variables
Ln Initial Population 7.63 0.58 7.59 7.64 0.13
Elevation (meters) 265.75 214.21 193.4 287.67 0.00
Slope (degrees) 3.19 3.35 2.53 3.39 0.00
Precipitation (mm) 590.87 50.74 576.56 595.2 0.00
Temperature (Celsius) 10.32 1.41 10.75 10.19 0.00
Ruggedness (degrees) 1.27 1.07 1.08 1.32 0.00
;r;v'?gslgcsvt;”eare“ 2.13 0.94 1.96 2.18 0.00
tga?i;fianr:e to nearest 3.38 0.68 3.18 3.45 0.00
t:‘a?;itsgrcte to nearest 4.36 0.69 4.34 4.37 0.49
rL:a?IZttance to nearest 1.78 1.28 1.95 1.73 0.00
Observations 1644 383 1261

Notes: Table reports descriptive statistics for the variables in our dataset (see Section 3 for details). Columns
1 and 2 present the mean and standard deviation for the full sample, while Columns 3 and 4 report mean
values separately for settlements with and without railway access. Column 5 presents p-values from t-tests
of differences in means across the two groups. The top panel reports statistics for average annual population
growth during five inter-census periods (that is periods between the 1880/1884, 1887, 1892, 1900, 1905, and
1910 censuses), the middle panel summarises the cross-sectional data on agricultural productivity in 1905,
while the bottom panel describes time-invariant, settlement-level control variables.
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Table 4. Railway access and population growth

Dependent variable: Population growthi
OLS 2SLS oLsS 2SLS
(1) (2) (3) (4)
Rail access;t 0.006™" 0.008"* 0.004"" 0.006"*
(0.001) (0.002) (0.002) (0.002)
Time FE Yes Yes Yes Yes
District FE Yes Yes Yes Yes
Settlement-level No No Yes Yes
controls
Observations 1650 1650 1644 1644
R-squared 0.056 0.055 0.104 0.104
K-P F-stat 303.9 233.2

Notes: Table reports results of OLS and IV estimation of Eq. 1. Dependent variable is annualized log difference
in population between census years for settlement i observed at census year t (1880/1884, 1887, 1892, 1900,
1905, and 1910). Rail accessi; is a binary indicator equal to one if settlement i lies within 10 kilometres of a
railway line in year t, and zero otherwise. Settlement-level control variables are In initial population, elevation
(meters), slope (degrees), precipitation (mm), temperature (Celsius), ruggedness (degrees), In distance to
nearest navigable river, In distance to nearest coal mine, In distance to nearest market, and In distance to
nearest major port. Missing observations on initial population reduce the sample in columns 3 and 4 (see
Section 3). Standard errors clustered at subdistrict level are given in parentheses. * significant at 10%, **
significant at 5%, =" significant at 1%.

Table 5. Railway access and agricultural productivity

Dependent variable: Grains Grains Cash crops Cash crops
(kg / decare) (kg / decare) (kg / decare) (kg / decare)
OLS 2SLS OoLS 2SLS
(1) (2) (3) (4)
Rail accessi 1905 8.870" 12.567" 61.375" 108.977*
(4.806) (6.967) (34.162) (52.719)
District FE Yes Yes Yes Yes
Settlement-level Yes Yes Yes Yes
controls
Observations 327 327 327 327
R-squared 0.215 0.214 0.190 0.176
K-P F-stat 118.1 118.1

Notes: Table reports results of cross-sectional OLS and IV estimation. Dependent variables are measured in
1905. Rail accessi 905 is a binary indicator equal to one if settlement i lies within 10 kilometres of a railway
line in 1905, and zero otherwise. Settlement-level control variables are the same as in Table 4. Standard
errors clustered at subdistrict level are given in parentheses. " significant at 10%, ** significant at 5%, **
significant at 1%.
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Table 6. Heterogeneity: railway access, distance to ports and agricultural productivity

Dependent variable: Grains Grains Cash crops Cash crops
(kg / decare) (kg / decare) (kg / decare) (kg / decare)
oLs 2SLS OoLS 2SLS
(1) (2) (3) (4)
Rail access; 1905 9.165" 12.517" 58.147" 109.816™
(5.132) (6.975) (30.270) (48.907)
Ln Distance to -8.302 -8.538" -12.693 -32.374
nearest port; (5.231) (4.944) (32.385) (38.859)
Rail accessi 1905
X -8.322 -8.312 90.975 141.537"
Ln Distance to (7.583) (8.847) (55.069) (69.447)
nearest port;
District FE Yes Yes Yes Yes
Settlement-level Yes Ves Yes Yes
controls
Observations 327 327 327 327
R-squared 0.219 0.218 0.215 0.189
K-P F-stat 48.4 48.4

Notes: Table reports results of cross-sectional OLS and IV estimation. Dependent variables are measured in
1905. Treatment of interest is the interaction between railway accessiis0s and In distance to nearest porti.
The latter variable is centred, meaning that the coefficient on railway access can be interpreted at the sample
mean of log distance to ports. Settlement-level control variables are the same as in Table 4. Standard errors
clustered at subdistrict level are given in parentheses. " significant at 10%, ™ significant at 5%, ™" significant
at 1%.
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Appendix

S.1. Least-cost paths
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Figure S.1. Least-cost paths

Notes: Figure illustrates least-cost paths between railway nodes. See section 4 for details of least-cost path

estimation procedure.
Sources: Authors’ creation.
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Table S.1. Railway network nodes

Node Railway Access Rationale

Ruse 1866 Danube port

Varna 1866 Black Sea port

Lyubimets 1873 Vienna-Constantinople corridor

Tirnovo-Seymen 1873 Vienna-Constantinople corridor

Nova-Zagora 1875 Branch-line junction

Yambol 1875 Branch-line

Tsaribrod 1888 Vienna-Constantinople corridor

Sofia 1888 Capital and national railway hub,
Vienna-Constantinople corridor

Vakarel 1888 Vienna-Constantinople corridor

Burgas 1890 Black Sea port, endpoint of the Central line

Pernik 1893 Central line, access to coal mines

Shumen 1895 Central line

Radomir 1897 Central line

Pleven 1899 Central line

Turnovo 1900 Central line

Chirpan 1900 Parallel line

Sliven 1907 Sub-Balkan line

Levski 1909 Branch-line junction

Svishtov 1909 Danube port

Kyustendil 1909 Central line

Notes: Table lists 20 railway nodes included in our sample of settlements, along with their opening year and
rationale.

Sources: Council of Ministers (1912), Dzhaleva-Chonkova (2007), Fuhrmann (2024), Jensen and Rosegger
(1968), Kostov (1997); Sabev (2023), Stanev et al. (2011).

The Bulgarian railway nodes were connected for a variety of commercial, strategic, and political
purposes. Before 1878, railway construction largely reflected the interests of the Ottoman Empire
and the European Great Powers, particularly Britain and Austria-Hungary (Dzhaleva-Chonkova 2007,
p. 16). In 1866, British investors completed the Ruse—Varna line, linking the Danube and Black Sea
ports in pursuit of British commercial interests and Ottoman strategic objective (Jensen and
Rosegger 1968, p. 118).1 In 1873, Baron de Hirsch connected Tirnovo-Seymen and Lyubimets as part
of a wider plan to establish a railway corridor between Vienna and Constantinople through Bulgaria
(Stanev et al. 2011, p. 130). A further branch from Tirnovo-Seymen to Yambol via Nova-Zagora
followed in 1875. Motivated by Romanian commercial interest and Ottoman military
considerations, the line was intended to eventually connect Ruse with Constantinople through the
existing Ruse—Varna line (Dzhaleva-Chonkova 2007, pp. 16-17; Sabev 2023, pp. 183-184, 188).2

The second phase of railway construction, beginning in 1888, reflected the political obligations and
economic priorities of the Bulgarian state. The connection between Tsaribrod, Sofia, and Vakarel
was completed in fulfilment of the Treaty of Berlin, which required Bulgaria to construct the missing
section of the Vienna—Constantinople railway across its territory (Stanev et al. 2011, p. 124). Most
subsequent connections, however, were intended to advance the Bulgaria’s own economic

1 The Ottoman military hoped to link Ruse and Varna together with Shumen and Silistra to form a strategic rectangle.
2 The planned line connecting Yambol to the Ruse-Varna line via Shumen was only materialised in 1941. Its aim was to
counteract potential Russian advances into the territory.
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interests. A state-led programme combined the modernisation of major ports with the construction
of a national railway network known as the ‘central line’. This network was designed to connect
Sofia with Varna in the Principality and with Burgas across Eastern Rumelia, thereby providing an
export route for Bulgarian agricultural goods (Stanev et al. 2011, pp. 129-130).3 Burgas was
connected to Yambol in 1890. Three years later, Pernik became the first node on the central line,
together with a branch serving its nearby coal mines (Council of Ministers 1912, pp. 698-699).
Connections to Shumen, Radomir, Pleven, Turnovo, and Kyustendil followed, and the central line
was completed in 1909 (Council of Ministers 1912, p. 703).

Alongside the central line, Bulgarian policymakers considered several alternative and
complementary routes. One proposal was a ‘parallel’ line intended to bypass the transport tariffs
charged by the Oriental Railway Company on its lines in Eastern Rumelia (Fuhrmann 2024, p. 662).
Chirpan was connected as the first stage of this project, but further construction was abandoned
because of financial constraints (Council of Ministers 1912, p. 703). Sliven was connected as part of
the proposed ‘sub-Balkan’ line, which was intended to provide the shortest direct link between Sofia
and the Black Sea ports (Kostov 1997, p. 42). The remaining nodes, Levski and Svishtov, were
connected by a branch line in 1909, linking inland markets to the Danube port of Svishtov (Kostov
1997, p. 41).%

3 See also Council of Ministers (1912), pp. 698, 701, 711-712. Burgas was not part of the central line, but it was part of
the railway network connecting the north and south.

4 Levski was chosen as it provided numerous financial and technical advantages for construction (Council of Ministers
1912, p. 705).
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S.2. Lagged treatment

The effects of railway infrastructure on local population growth may not materialise immediately.
Settlements may require time to adjust to improved transport opportunities. A panel setting allows
us to examine such delayed responses relating earlier railway access to population growth in
subsequent census intervals.

The baseline specification already permits railway effects to emerge within each inter-census
period, since it relates railway access in census year t to annualised population growth over the
interval ending in that year. As a robustness check, we examine whether having railway access allow
affected population growth with a delay. We therefore re-estimate the specifications reported in
Table 4 using railway access lagged by one census period. In other words, population growth in a
given interval is related to railway access recorded at the end of the preceding interval. Because this
exercise excludes the first inter-census period, the panel contains one fewer period and
correspondingly fewer observations.

Table S.2. Treatment timing: Lagged rail access and population growth

Dependent variable: Population growth;
OLS 2SLS oLs 2SLS
(1) (2) (3) (4)
Rail accessit1 0.004"** 0.006"*" 0.003" 0.005"*
(0.001) (0.002) (0.002) (0.002)
Time FE Yes Yes Yes Yes
District FE Yes Yes Yes Yes
Settlement-level No No Ves Ves
controls
Observations 1320 1320 1314 1314
R-squared 0.060 0.058 0.117 0.116
K-P F-stat 288.5 217.8

Notes: Table reports results of OLS and IV estimation. Dependent variable is annualised log difference in
population between census years for settlement i observed at census year t. Rail accessi+.1 is a binary indicator
equal to one if settlement i lies within 10 kilometres of a railway line in year t-1, and zero otherwise.
Settlement-level control variables are the same as in Table 4. Standard errors clustered at subdistrict level
are given in parentheses. " significant at 10%, ™ significant at 5%, *** significant at 1%.

Table S.2 reports the results, showing that lagged specifications confirm the baseline findings

Railway access in the preceding census period remains positively and statistically significantly
associated with subsequent population growth across specifications. In our preferred model
(Column 4), the estimated effect is around 0.5 percentage points per year, compared to 0.6
percentage points in the baseline contemporaneous specification. The similarity of these estimates
indicates that the main results are not sensitive to varying the timing of railway access. The slightly
smaller lagged coefficient may reflect the exclusion of the first inter-census period, during which
the estimated population growth appears to have been relative strong.
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S.3. Alternative treatment variable

A related concern is that the baseline treatment indicator does not capture the exact timing of
railway access within each inter-census period. In the main specification, a settlement is coded as a
connected if it lies within 10 kilometres of a railway line in census year t. This measure identifies
whether access had been established by the end of the period, but not whether the connection
occurred early or late within that interval. Because the effect of railway access may accumulate with
the duration of exposure, we examine an alternative treatment variable that captures how long
each settlement had been connected.

For each settlement-year observation, we calculate the cumulative number of years for which the
settlement had railway access by census year t. A settlement connected in 1880, for example, had
accumulated 30 years of railway access by 1910, whereas a settlement connected in 1885 had
accumulated 25 years. This measure captures variation in the timing and duration of railway access
both within and across census periods. To facilitate interpretation, we express exposure in decades,
defining Rail access decades;: as the cumulative number of years of railway access divided by ten.
We then re-estimate the specifications reported in Table 4, replacing the baseline binary indicator
with this continuous treatment measure.

Table S.3. Duration of railway access and population growth

Dependent variable: Population growth
oLs 2SLS oLS 2SLS
(1) (2) 3) (4)
Rail access decades;: 0.002"*" 0.005™* 0.001 0.004"*
(0.001) (0.001) (0.001) (0.001)
Time FE Yes Yes Yes Yes
District FE Yes Yes Yes Yes
Settlement-level No No Ves Ves
controls
Observations 1650 1650 1644 1644
R-squared 0.049 0.032 0.101 0.090
K-P F-stat 42.5 36.9

Notes: Table reports results of OLS and IV estimation. Dependent variable is annualised log difference in
population between census years for settlement i observed at census year t. Rail access decades;; is the total
number of years of railway access divided by ten if settlement i lies within 10 kilometres of a railway line in
year t, and zero otherwise. Settlement-level control variables are the same as in Table 4. Standard errors
clustered at subdistrict level are given in parentheses. * significant at 10%, ™ significant at 5%, ** significant
at 1%.

Table S.3 reports the result, which confirm the baseline findings of a positive relationship between
railway access and population growth. In our preferred specification, an additional decade of railway
access increases annual population growth by approximately 0.4 percentage points (Column 4). The
baseline and duration-based coefficients are not directly comparable because the two variables
capture different dimensions of access. The baseline indicator in Table 4 measures the average
difference between settlements that were connected and unconnected by the end of a census
period; it’s 2SLS coefficient of 0.006 implies 0.6 percentage-points difference in annual population
growth. By contrast, the 2SLS coefficient of 0.004 in Table S.3 allows the estimated effect to increase
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with cumulative exposure. Under this specification, 15 years of railway access imply an effect of
approximately 0.6 percentage points, equal in magnitude to the preferred baseline effect.

Overall, the results indicate that the positive effect of railway access on population growth is not
driven by timing assumptions in the baseline indicator. The findings remain robust when treatment
is measured using the cumulative duration of railway exposure.

S.4. Alternative treatment threshold

A natural question is whether the estimated effects depend the distance threshold used to define
railway access. In the baseline specification, a settlement is classified as connected if it lies within
10 kilometres of a railway line. Although this cutoff is regularly used to capture economically
meaningful proximity to rail transport, alternative thresholds allow us to assess whether the results
are driven by settlements located very close to the railway network or whether they remain when
access is defined more broadly.

We therefore re-estimate our preferred population-growth specification, including district fixed
effects and the full set of settlement-level controls, using thresholds of 1, 5, 10, 15, and 30
kilometres. These cutoffs range from settlements located almost directly besides a railway line to
settlements located far from it.

Table S.4 reports the OLS estimates in Columns 1-5 and the corresponding 2SLS results in Columns
6—10. The results are robust to a narrower definition of railway access. Using a 5-kilometre threshold
produces estimates very similar to those obtained with the baseline 10-kilometre cutoff, indicating
that the positive effect on population growth is not sensitive to the precise threshold within this
range. Defining access within 1 kilometre also yields positive and statistically significant coefficients,
with larger point estimates. This pattern is intuitive, since the treatment group settlements located
almost directly besides a railway line. These estimates should nevertheless be interpreted
cautiously. The narrow cutoff leaves relatively few treated settlements, and the corresponding 2SLS
estimate has a weak first stage, with an F-statistic of approximately 3. This is unsurprising because
the simulated least-cost paths often deviate by more than 1 kilometre from the realised railway
lines (see Figure S.1). The instrument therefore predicts railway access poorly under this definition,
making the IV estimates less reliable.

By contrast, when railway access is defined using wider thresholds of 15 or 30 kilometres, the
estimated coefficients are small and statistically insignificant. These broader cutoffs appear to
provide a poorer measure for meaningful railway access because they classify as connected
settlements that were in practice too distant from the railway network to derive strong benefits.
This measurement error weakens the distinction between the treatment and control groups and
attenuates the estimated effect.

In sum, the results support the 10-kilometre threshold as a reasonable baseline: it is sufficiently

broad to capture railway access while remaining narrow enough to distinguish connected
settlements to those that were effectively remote from the railway network.
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Table S.4. Alternative definitions of railway access and population growth

Population growth;;

Dependent variable:
oLS OoLS OoLS OoLS oLS 2SLS 2SLS 2SLS 2SLS 2SLS
(1) (2) (3) (4) (5) (6) (7) (8) (©) (10)
Rail access within 1km;, 0.008™"" 0.022"
(0.002) (0.013)
Rail access within 5km;y 0.005"" 0.005"""
(0.001) (0.002)
Rail access within 10km; 0.004"" 0.006™""
(0.002) (0.002)
Rail access within 15km; ¢ 0.001 0.001
(0.001) (0.002)
Rail access within 30km; ¢ 0.002 0.001
(0.001) (0.001)
Time FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
District FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Settlement-level controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 1644 1644 1644 1644 1644 1644 1644 1644 1644 1644
R-squared 0.103 0.104 0.104 0.101 0.101 0.096 0.104 0.103 0.101 0.101
K-P F-stat 2.86 49.85 206.38 187.92 660.24

Notes: Table reports results of OLS and IV estimation. Dependent variable is annualised log difference in population between census years for settlement i
observed at census year t. Treatment variable is a binary indicator equal to one if settlement i lies within 1, 5, 10, 15 or 30 kilometres of a railway line in year t,
and zero otherwise. Settlement-level control variables are the same as in Table 4. Standard errors clustered at subdistrict level are given in parentheses. "

significant at 10%, ** significant at 5%,

wxr

significant at 1%.
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S.5. Intensive-margin effects on cash-crop productivity

A further question is whether the estimated effect of railway access on cash-crop productivity
reflects entry into cash-crop cultivation, higher productivity among existing producers, or both.

The baseline agricultural regressions use the full sample, including settlements reporting no cash-
crop production. They therefore capture the overall effect of railway access across two margins: and
extensive margin, whereby improved transport links may have made cash-crop production
commercially viable in additional settlements, and an intensive margin, whereby producing
settlements increased output per sown land.

To examine the intensive margin more directly, we re-estimate the cash-crop productivity
specification using only settlements reporting positive cash-crop output. This exercise asks whether
railway access was associated with cash-crop productivity, independently of its possible effect on
entry into production. Because producer status may itself have been influenced by railway access,
the restricted sample results should be interpreted as a conditional robustness test rather than an
exact decomposition of the two margins.

Table S.5. Railway Access and Cash-Crop Productivity — Intensive-Margin Effects

. Cash crops Cash crops
Dependent variable: (kg/deca?e) (kg/decaF:e)
oLS 2SLS
(1) (2)
Rail access; 1905 68.942" 129.977*
(37.260) (65.063)
District FE Yes Yes
Settlement-level Yes Yes
controls
Observations 239 239
R-squared 0.121 0.099
K-P F-stat 81.7

Notes: Table reports results of cross-sectional OLS and IV estimation. The sample is restricted to cash crop
producing settlements. Dependent variable is measured in 1905. Rail accessi 905 is a binary indicator equal
to one if settlement i lies within 10 kilometres of a railway line in 1905, and zero otherwise. Settlement-level
control variables are the same as in Table 4. Standard errors clustered at subdistrict level are given in
parentheses. * significant at 10%, ™" significant at 5%, **" significant at 1%.

Table S.5 reports the results. Railway access continues to have a positive and statistically significant
effect on cash-crop productivity in the restricted sample. In the 2SLS specification (Column 2),
connected settlements produced approximately 130 kilograms more cash crops per decare than
otherwise comparable unconnected settlements. This effect is economically substantial relative to
the restricted-sample mean of around 90 kilograms of cash crops per decare. The results therefore
indicate that the baseline findings are not driven solely by the extensive margin but also reflect
markedly higher productivity among settlements engaged in cash-crop production.
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S.6. Conley Standard Errors

Table S.6. Railway access and population growth (Conley standard errors)

Dependent variable: Population growthi
oLs 2SLS OoLS 2SLS
(1) (2) (3) (4)
Rail access 0.006™" 0.008™*" 0.004"" 0.006"*
(0.001) (0.002) (0.002) (0.002)
Time FE Yes Yes Yes Yes
District FE Yes Yes Yes Yes
Settlement-level No No Yes Yes
controls
Observations 1650 1650 1644 1644
R-squared 0.056 0.055 0.104 0.104
K-P F-stat 286.7 215

Notes: Table reports results of OLS and IV estimation of Eq. 1. Dependent variable is annualized log difference
in population between census years for settlement i observed at census year t (1880/1884, 1887, 1892, 1900,
1905, and 1910). Rail accessi; is a binary indicator equal to one if settlement i lies within 10 kilometres of a
railway line in year t, and zero otherwise. Settlement-level control variables are In initial population, elevation
(meters), slope (degrees), precipitation (mm), temperature (Celsius), ruggedness (degrees), In distance to
nearest navigable river, In distance to nearest coal mine, In distance to nearest market, and In distance to
nearest major port. Missing observations on initial population reduce the sample in columns 3 and 4 (see

Section 3). Conley standard errors given in parentheses. " significant at 10%, ** significant at 5%, **" significant
at 1%.
Table S.7. Railway access and agricultural productivity (Conley standard errors)
Dependent variable: Grains Grains Cash crops Cash crops
(kg / decare) (kg / decare) (kg / decare) (kg / decare)
OoLS 2SLS OLS 2SLS
(1) (2) (3) (4)
Rail accessi 1905 8.870" 12.567" 61.375™ 108.977*
(5.278) (6.652) (26.650) (48.696)
District FE Yes Yes Yes Yes
Settlement-level Yes Yes Yes Yes
controls
Observations 327 327 327 327
R-squared 0.215 0.214 0.190 0.176
K-P F-stat 98 98

Notes: Table reports results of cross-sectional OLS and IV estimation. Dependent variables are measured in
1905. Rail accessi 905 is a binary indicator equal to one if settlement i lies within 10 kilometres of a railway
line in 1905, and zero otherwise. Settlement-level control variables are the same as in Table 4. Conley
standard errors given in parentheses. * significant at 10%, ** significant at 5%, =" significant at 1%.
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Table S.8. Heterogeneity: railway access, distance to ports and agricultural productivity (Conley
standard errors)

Dependent variable: Grains Grains Cash crops Cash crops
(kg / decare) (kg / decare) (kg / decare) (kg / decare)

OLS 2SLS oLs 2SLS
(1) (2) (3) (4)

Rail accessi 1905 9.165" 12.517" 58.147"" 109.816™

(5.534) (6.526) (22.361) (45.461)

Ln Distance to -8.302™ -8.538™ -12.693 -32.374

nearest port; (4.138) (4.310) (27.424) (37.218)

Rail accessi 1505

X -8.322 -8.312 90.975™ 141.537"

Ln Distance to (8.059) (9.033) (42.851) (71.100)

nearest port;

District FE Yes Yes Yes Yes

Settlement-level Yes Yes Yes Yes

controls

Observations 327 327 327 327

R-squared 0.219 0.218 0.215 0.189

K-P F-stat 38.3 38.3

Notes: Table reports results of cross-sectional OLS and IV estimation. Dependent variables are measured in
1905. Treatment of interest is the interaction between railway access;is0s and In distance to nearest port;.
The latter variable is centred, meaning that the coefficient on railway access can be interpreted at the sample
mean of log distance to ports. Settlement-level control variables are the same as in Table 4. Conley standard
errors given in parentheses. " significant at 10%, ** significant at 5%, *** significant at 1%.
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