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Abstract

We explore how railroads affected population growth during the first globalization
(1865-1920) in Chile. We look at areas with a strong comparative advantage in
agriculture using novel data that document 60 years of railroad construction. Using
instrumental variables, we present four main findings. First, railroads increased both
urban and rural population growth. Second, the impact was stronger in areas with
more potential for agricultural expansion. Third, railroads increased specialization in
agriculture when combined with a high level of the real exchange rate. And fourth,
railroads had little effect on human capital and fertility. These results suggest that the
effects of transportation technologies depend on existing macroeconomic conditions.
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1 Introduction

Transportation technologies are one of the main drivers of lower transportation costs
and increased trade in the last centuries (Hummels 2007). Countries and global
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institutions still invest an impressive amount of resources in these technologies
(World Bank 2007; Faber 2012; Donaldson 2018). Railroads have historically been
one of the most important transportation technologies.! However, the availability of
railroads can be the consequence of other economic outcomes, making it hard to esti-
mate their causal effects.> Moreover, their impacts might depend on economic factors
and prevailing institutions. For instance, decreases in transportation costs might not
have significant effects on trade if the cost of production is high relative to the price
of the product. Similarly, although railroads have the potential to create demographic
transitions or structural transformations, the comparative advantage of places might
preclude these processes from unfolding (Galor and Mountford 2008; Katz 2018;
Uribe-Castro 2019).

This paper explores the effect of railroads during the first globalization in the
central and southern parts of Chile, a small open economy with a strong comparative
advantage in agriculture. In particular, we provide estimates of the causal impact
of railroads on population growth, its composition, specialization patterns, human
capital, and fertility. We created a panel of departments observed during the period
1865 to 1920 to measure the construction of railroads that connected the capital with
other cities in the central and southern parts of the country. The geographic area we
study has a strong comparative advantage in agriculture in a period of expanded trade
opportunities related to the first globalization. Our focus on this area allows us to
test whether railroads can trigger a demographic transition or a process of structural
transformation in the presence of a comparative advantage in agriculture.

Our empirical strategy uses two sources of exogenous variation in the construc-
tion of railroads from the capital to other cities. First, we exploit the speed of the
available technology of construction to create an instrumental variable that measures
the expected expansion of railroads. In particular, once we know the connecting
cities, the first year of construction, and the available technology—e.g., it is pos-
sible to construct 360 km of railroads in 10 years—we construct the number of
expected kilometers of railroads each department should have at different points in
time. The motivation is that, conditional on department and time fixed effects, the
timing of arrival should be exogenous. Second, we follow the existing literature and
use “straight lines” variation in which some areas receive railroads because of their
location between two connecting cities (Atack et al. 2010; Faber 2012; Banerjee et al.
2020). We take this idea to panel data, where the instrument only uses straight lines
connecting the capital with the cities targeted by the policy.> We assume that the two
sources of variation are valid to identify the effects of railroads, conditional on depart-
ment and time fixed effects. Statistical tests suggest that both instruments contribute

'Even today, projects like the construction of the “Belt and Road Initiative” implemented by the Chi-
nese government incorporate the construction of railroads (Brakman et al. 2019). Fogel (1962) and Fogel
(1964), Fishlow (1965), and Rostow (1967) were pioneers in studying railroads in economics. Similar
technologies include the steamship (North 1958) and the refrigerator car (Kujovich 1970).

2Fishlow (1965, p. 203) puts it simply: “whether railroads first set in motion the forces culminating in the
economic development of the decade, or whether arising in response to profitable situations, they played
a more massive role.”

3Katz (2018) also applies the idea of “straight lines” in a panel data context for the USA using a different
approach, which exploits the appearance of new big (connecting) cities.
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in the identification. Moreover, over-identification tests suggest that the instruments
are valid.*

We present three main results. First, railroads increased both urban and rural
populations without affecting urbanization rates. Second, we find little evidence of
railroads having direct effects on specialization patterns, human capital investments,
fertility outcomes, and the share of foreigners. Third, using a Duncan index as in
Katz (2018), we find that railroads seem to have decreased the skill content of jobs.
These results can be interpreted along the lines of the literatures on demographic tran-
sition and structural transformation. In particular, the decrease in skill is consistent
with the rationale in Galor and Mountford (2008) and with results in Uribe-Castro
(2019) for Colombia: the new trade opportunities in a context of a comparative advan-
tage related to agriculture increased the demand for low-skill occupations, which
prevented human capital investments and the demographic transition from unfolding.

To further understand the mechanisms behind the results, we study the existence
of heterogeneous effects. We present two additional results. First, the effects of rail-
roads on population and specialization patterns are stronger in departments with
more potential for agricultural expansion. This result is consistent with the idea that
railroads allowed areas with comparative advantage in agriculture to expand their
production in that sector. Second, we find that the effects of railroads on urbanization
and specialization depend upon the level of the real exchange rate. When the relative
price of tradable to non-tradable goods is high, railway construction affects special-
ization through a substitution effect, which increases employment in agriculture and
decreases it in manufacturing and services, which in turn affects urbanization.® Given
that the economy of a department was open and mainly based on agriculture (a trad-
able good), this result highlights the role of price mechanisms in determining the
impact of transportation technologies.” Moreover, we argue that internal migration
was an important force behind these effects (Hurtado 1966; Johnson 1978).

Our paper makes four contributions. First, we contribute to the economic history
of Latin America by measuring the causal impact of railroads on several economic
and social outcomes.® Second, we contribute to the long-standing literature on rail-
roads and economic development (e.g., Fogel 1962; Fishlow 1965; Donaldson 2018;
Banerjee et al. 2020). Specifically, our contribution is to analyze a small open econ-
omy with a comparative advantage in agriculture that faces price shocks. In related
work, Fajgelbaum and Redding (2018) study the interaction between railroads, trade
openness, and internal geography using a trade model and cross-sectional variation.

4Qur identification strategy is suited for the center and south parts of the country and it is not valid for the
north, the reason why we exclude it from the analysis in the paper.

SWe construct the potential for agricultural expansion using data on agricultural suitability (FAO-GAEZ),
also used by others in the literature (e.g., Alesina et al. 2013; Galor and Ozak 2016).

SWe argue that the real exchange rate was exogenous to the process we study and driven by mining
activities in the north (Badia-Miro and Ducoing 2015; Humud 1974; Mamalakis 1976; Meller 1998).
7We implement a battery of exercises to confirm that the mechanism of relative prices is behind the
estimated effects and not alternative channels related to other macroeconomic variables.

80ther papers studying the causal effects of railroads in Latin America are Miller (1976), Coatsworth
(1979), Ramirez (2001), Summerhill (2005), Herranz-Loncan (2014), Zegarra (2011), and Perez (2018).
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Our paper complements this literature by using a panel data approach and docu-
menting heterogeneous effects of railroad construction on specialization depending
on local endowments and the role of prices, conditional on characteristics that are
constant at the department level and common shocks at the macrolevel.

Third, we contribute to a literature that estimates the effects of railroad construc-
tion on the process of urbanization, structural transformation, and the demographic
transition. We show that railroads do not necessarily increase urbanization rates,
improve human capital, and decrease fertility. We show that the effects of railroads
depend upon patterns of comparative advantage, complementing previous litera-
ture documenting how trade patterns affect the process of structural transformation
(Galor and Mountford 2008; Uribe-Castro 2019). Finally, this paper contributes to
the literature on the effects of large infrastructure projects on economic outcomes
by highlighting the role of time-varying macroeconomic conditions (Aschauer 1989;
Duflo and Pande 2007; Michaels 2008; Dinkelman 2011).

2 Historical background

This section briefly describes the railroad construction process in Chile between 1850
and 1920 and the associated changes in transportation costs. We also discuss the
economic and social context of the country, with a particular focus on the macroeco-
nomic environment, the role of mining and agriculture, and the importance of internal
migration.

2.1 Railroad construction

Our focus is on the railroads of the central and south parts of the country.® The two
largest cities in the central part, Santiago and Valparaiso, were connected through
railroads. The idea of constructing a railroad between these two cities was thought
by William Wheelwright around 1842. The idea materialized only when the public
road between these locations became obsolete, and several interest groups pressed the
government to build a railroad (Oppenheimer 1976). Wheelwright failed in finding
investors and farmers exerted pressured on the government to take advantage of the
wheat boom in California. As a consequence, the government financed these railroads
in a joint venture with private entrepreneurs. The construction began in 1852, it was
supposed to take 5 years, but it was only finished in 1863. Santiago and Valparaiso
were finally connected by a 187-km railroad. In 1870, a branch of 49 km extended
this railroad to surrounding areas.

The construction of railroads to the south began in 1855, reaching the southern-
most city of the mainland in 1913. Railroads first integrated the city of Rancagua
and Santiago with an 87-km construction in 1859. A line of 52 km was constructed

9The first railroads were constructed in the north to fulfill the demand of the mining industry. William
Wheelwright, an American entrepreneur, led that process. The construction of these railroads started in
1850 and ended in 1851 and there were 243 km constructed by 1871 (Alliende 2006, pp. 14-19).

@ Springer



Railroads, specialization, and population 1031

3 years later. The construction process reached the largest city in the south in 1870
by a 588-km railroad. Between 1876 and 1887, the process took a pause due to the
Pacific War (1879-1883) and an economic depression. Railroads reached the Arauco
region in 1894 and several other branches were constructed in the late 1880s. All in
all, Santiago became connected with the south of the country through a 1198 kilo-
meters railroad, and numerous branches integrated the main line with cities by the
mountains and the Pacific Ocean.!?

Figure 1 presents the evolution of the railroad network in census years. We can see
in this figure the halt of construction due to the Pacific War. The last panel depicts the
railroad map in 1920. These maps show the differential exposure of areas to railroads
in different points in time—an important source of variation we use in the following
sections.

Carts and mules were the most common transportation before the arrival of rail-
roads. The freight between Valparaiso and Santiago was done by 30 to 40 ox carts,
with a capacity of 40 to 50 quintals, during a period of 6 days in the summer and 12
days in the winter. The cost of transporting one quintal fluctuated between $1 and
$1.75. In contrast, using railroads the freight took only 8 h, with a cost that fluctu-
ated between $0.44 and $0.55. Passenger traffic faced a similar situation: travel time
decreased from 14-20 to 6 h and travel costs decreased from $10-$20 to $2.50-$5
(see Oppenheimer (1976), pp. 67-71; Alliende (2006), pp. 20, 21, 33 and 38). Rail-
roads also enhanced communication systems with telegraph systems and post offices
and decreased other transport-related costs. The inability to transport goods through
rivers differs from the case of the USA.!! In addition, the cold winter and flooding
from rivers made transportation difficult, particularly in the south. Railroads were
much less vulnerable to bad weather. Moreover, roads were of low quality and the
threat of bandits was severe (Verniory 2001). All in all, railroads made transportation
cheaper, safer, and less likely to be affected by weather shocks.

2.2 The economic and social context

Panel A of Table 1 presents the macroeconomic situation of Chile in the period of
interest.!> Annual per capita GDP growth was moderate with rates around 2% the
first two censuses that go down to 0.9% in the 1907—-1920 period.'? Inflation was
low and the economy became more open, with the ratio of exports to GDP increasing
from 13 to 22%. In turn, government spending followed the mining sector, specially

19See Alliende (2006, pp. 38-72), Thompson and Angerstein (1997, pp. 76-80), Gross (1998, pp. 2-9),
and Humud (1974) for more details about the construction of railroads in Chile.

11 Coastal navigation between cities included in our analyses was rare (Veliz 1961; Cariola and Sunkel
1990). See Summerhill (2005) and Coatsworth (1979) for a similar argument in the case of Brazil and
Mexico. See McGreevey (1989) for Colombia, a Latin American case closer to the USA

12This section is based on Humud (1974), Mamalakis (1976), Cariola and Sunkel (1990), Meller (1998),
Badia-Miro and Ducoing (2015), and the data come from Diaz et al. (2016).

13We observe convergence with respect to the USA and a period of faster growth than other countries in
Latin America, with the ratio going up from 1.33 to 1.61 (the value of this ratio is 0.43 for the history of
Chile). Countries in Latin America include Argentina, Brazil, Mexico, and Peru due to data restrictions.
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1032 A. Forero et al.

Fig. 1 Railroad construction, 1865-1920. Created using information and maps from Espinoza (1897) for
the period 1854-1897 and Vasallo and Matus (1943) for the period 1897-1920. We complemented and
checked this information with Thompson and Angerstein (1997), Alliende (2006), and several Web sources

nitrates exploitation in the north. The terms of trade experienced an increase in the

early twentieth century associated to the nitrate boom, and then a decrease in 1920
after the discovery of synthetic nitrate in Germany (Meller 1998). The real exchange
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Fig.2 Real exchange rate and government size. Created using data from Diaz et al. (2016)

also followed the mining sector. Figure 2 presents the correlation between the real
exchange rate and government spending. We argue that the real exchange rate induces
movements between the tradable and non-tradable. Panel A of Table 1 also presents
the evolution of the price of wheat: there was a decrease between 1885 and 1907 and
a subsequent recovery in 1920.

Panel B of Table 1 shows an increase in years of schooling from 3.4 to 6.1 and high
values of the Gini index. Regarding population growth, we observe slight declines
in the second half of our sample. Behind these numbers, we observe small move-
ments in birth rates (defined as the total number of newborns per 1000 people) and
a small increase in the death rate (defined as total deaths per 1000 people) from 25
to 31. We also observe an increase in the share of foreigners which is consistent with
government policies (Gonzélez 2019).

Panel C of Table 1 presents information about the economic structure. The share
of GDP in agriculture decreased 18 p.p. between 1865 and 1920, while the share of
mining increased by 20 p.p. Manufacturing decreased from 28 to 21% and the ser-
vice sector increased by about 5 p.p. Despite the increase in mining, the labor share
in this sector increased only from 3.4 to only 4.2%. This is a consequence of the low
labor intensity of mining and its geographical location in the north (Badia-Miro and
Diaz 2017). In contrast, the decrease in the shares of agriculture and manufacturing
in total employment is consistent with their decreases in GDP shares, while the ser-
vice sector increased employment significantly (explained by increases in the trade,
transportation, and personal service sectors). This panel also shows how agriculture
went from explaining 30% of exports in 1865 to 10% in 1920.

The main products in agriculture were wheat, barley, pasture, and some fruits and
vegetables.'* Wheat production increased from 2,876,000 quintals in 1877-1878 to
6,207,000 quintals in 1917-1918 (Cariola and Sunkel 1990). Approximately 95%

14Cariola and Sunkel (1990) documents that in 1917, 53% of the agriculture area corresponds to grains (of
which 87% corresponds to wheat), 31% to forage, 8% to sylviculture, and the remainder to other crops.
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1036 A. Forero et al.

of wheat production was located in the center of the country in 1877-1878 but this
share decreased to about 65% in 1917-1918 as areas located to the south of the Bio-
Bio area increased their production.15 Cariola and Sunkel (1990) document that the
main part of wheat production was aimed at exports, initially concentrated in Peru,
Australia, and the USA, and then in a more diversified way, with the UK playing
a key role. Mamalakis (1976) defines the Great Wheat Trade period including the
years between 1865 and 1926. In terms of internal consumption, a share of wheat
production was also sent to the mining departments of the North but even at its peak
it just represented 12% of total production (Cariola and Sunkel 1990).

Finally, several authors have studied internal migration over this period (Hurtado
1966; Johnson 1978). Johnson (1978) documents that 20% of the adult population in
1854 was an internal migrant (i.e., born in other city) and 35% in 1920. This implies
that the number of internal migrants increased from 145,912 to 652,791 people in
this period. Behind this increase, she identifies three main phenomena. First, migra-
tion to areas with expanded agriculture production. Second, migration from small
cities to the big cities. Third, internal migration to the mining areas in the north (but
this involves fewer people, given the small effects on labor markets). Thus, internal
migration was relevant during this period.

3 Data and descriptive evidence
3.1 Data construction

We combined information from historical sources to document the process of rail-
road construction in Chile. First, we use department-level information available in
historical population censuses.!® We were able to construct a panel dataset of 34
departments observed in years 1865, 1875, 1885, 1895, 1907, and 1920 containing
information on the following: (i) urban and rural population, (ii) people working in
different economic sectors and occupations, (iii) foreign/national status, (iv) births
per department, and (v) proxies of human capital and the supply of schools.!” Cru-
cially, for each department in our data, we added the cumulative number of kilometers
of railroads constructed at each census date. We used information and maps from
Espinoza (1897) for the period 1854—1897 and Vasallo and Matus (1943) for the
period 1897-1920. We complemented and checked this information with Thompson
and Angerstein (1997), Alliende (2006), and several Web sources.

We complemented the data with the geographic area of departments, distances to
Santiago and the closest railroad, the terrain ruggedness index of Nunn and Puga

150nly 4% of wheat was produced in the north in 1877-1878 and about 1% in 1917-1918. The south of
the Bio-Bio region corresponds to what previous research calls the Frontier (Garcia-Jimeno and Robinson
2011).

16Censuses are available at the National Statistics Bureau (INE, Web page www.ine.cl). We use depart-
ment-level data because it is the smallest administrative unit we can construct in panel data form. See
Table 10 for details, including the area of the departments (in km?) and the populations in 1865 and 1920.
7We grouped occupations to make reliable comparisons. Table 11 presents information for the 15
occupations and an occupational socioeconomic score following Duncan (1961) and Katz (2018).
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(2012) constructed with data from the U.S. Geological Survey, and an index of wheat
suitability using data from the Global Agro-Ecological Zones (FAO-GAEZ). We also
constructed an index of potential for agriculture expansion using the residual of a
regression of the share of agriculture in 1865 in each department on wheat suit-
ability, the share of literate people, urbanization, population density, and distance to
Santiago. This variable measures the potential for agricultural expansion at the begin-
ning of our sample and it is defined as the negative of the residual of the previous
regression. Figure 3 presents the correlation between this measure and the share of
agriculture in 1854; Table 12 presents regression results. The figure shows both the
heterogeneity in terms of agriculture share in the 1854 period and the opportunities
for expansion, given the suitability for agriculture of different departments. Finally,
we use macroeconomic variables from Diaz et al. (2016).

3.2 Descriptive statistics

Table 2 presents descriptive statistics for our sample. While Valparaiso was the first
department to receive railways, by 1865, the railways in our sample were just starting
to be constructed and the average department had just 9.5 km of railroads. It is easy to
see the pause in construction during the Pacific War (1879-1883). The average urban-
ization rate increased from 23% to about 35% in 1920 and the average department
more than doubled its population, from about 45,500 to more than 92,000 people.
The Herfindahl index of concentration increases initially but then decreases in the
twentieth century. This is a consequence of a decrease in the share of manufacturing
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Fig.3 Agricultural potential and initial share of labor in agriculture. We define “Potential for Agriculture
Expansion” (y-axis) as corresponding to the negative of the residual of a regression of the share of agri-
culture in 1854 (before railroads) on wheat suitability, distance to Santiago, and socioeconomic variables
(see Table 12)
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Railroads, specialization, and population 1039

Table 3 Railroads and population

Dependent variable: Log urban population Log rural population Urbanization Log population

(€] @ 3 “ (O] ©® D ®

Log railways 0.225%*%* 0.099***  0.117*%* 0.104***  0.017*** 0.001 0.141*** 0.088***
(0.025) (0.031) (0.022)  (0.026) (0.004) (0.009) (0.021) (0.025)

Year fixed effects No Yes No Yes No Yes No Yes
Observations 202 202 202 202 202 202 204 204
R? 0.875 0.915 0.901 0.904 0.908 0.935 0.894 0.906

OLS regressions. All columns include department fixed effects. Robust standard errors in parentheses.
#%kp < 0.01, **p < 0.05, *p < 0.1

and an increase in services without a significant change in the share of labor in agri-
culture. These trends are consistent with the macro-evidence presented in Table 1.8
In terms of human capital outcomes, literacy rates increased significantly and there
is an expansion in schools per people. In contrast, the Duncan index remains simi-
lar because the sectoral composition does not change toward sectors which demand
more human capital.

As a benchmark and preliminary evidence, Table 3 presents ordinary least squares
(OLS) estimations of regressions of the following form:

Yar = g + A + Blogras + €us (D

where y4; is a measure of the population living in department d at year ¢, rg; is
kilometers of railroads constructed until year ¢, and &4, is a random shock with a
mean of 0.

Column 1 of Table 3 presents a strong, positive, and statistically significant corre-
lation between the logarithm of railways constructed and the logarithm of the number
of people living in urban areas, controlling for department and year fixed effects
(ag, Ms). The estimated coefficients are elasticities. A coefficient of 0.225 implies
that a 100% increase in railways (a 41-km construction) is associated with an about
6000 people living in urban areas (a 22.5% increase).!® This coefficient decreases
significantly to about 0.10 when we add year fixed effects in column 2. This means
that 41 more kilometers of railways is associated with about 2700 more people liv-
ing in the department. This big decrease in the correlation, when adding time effects,
implies that there are country-wide trends that explain a big part of the correlation
between urban population and railroad construction. We then look at the log of rural
population in columns 3—4. Results are similar to the impacts on urban population:

18Note that information for occupational variables is missing in the 1885 census.

19The average department during the entire period had 26,618 people living in urban areas. The estimated
coefficient of 0.225 implies an increase of 0.225x25,618=5975.
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1040 A.Forero et al.

Table 4 Railroads and population, robustness checks

Dependent variable: Log urban population Log rural population
()] (@) 3 (C))
Log railways 0.099%** 0.109%** 0.083*** 0.107***
(0.035) (0.031) (0.027) (0.026)
Sample Excl. big cities Excl. 1885 Excl. big cities Excl. 1885
Observations 184 168 184 168
R? 0.898 0.932 0.883 0.901

All columns include department fixed effects and year fixed effects. Robust standard errors in parentheses.
#%kp < 0.01, **p < 0.05, *p < 0.1

the estimated coefficient of 0.104 compares with a coefficient of 0.099 for the urban
population. Columns 5-6 document the correlation between railroads and the share
of urban population. As expected, we find that this variable is weakly correlated with
railroads. Finally, we find that total population is correlated with railroads with a
coefficient of 0.088. In sum, these results suggest that railroads are positively cor-
related with population, without a significant differential effect on rural and urban
population.

Table 4 presents robustness exercises. Columns 1 and 3 exclude the three largest
departments in terms of population (Arauco, Valparaiso, and Santiago). The esti-
mated coefficient for urban population does not change. In the case of rural
population (column 3), the estimated coefficient decreases to 0.083 but it is still
statistically significant. Columns 2 and 4 exclude the 1885 cross section and the cor-
relation is similar.?? In sum, these preliminary results suggest that there is a robust
correlation between railroads and population size. The fact that adding time effects
decreases the correlation suggests that there could be omitted variables both at the
department and time level that explain the correlation we find. Next, we propose an
identification strategy to estimate the causal effects of railroads.

4 Empirical strategy

This section presents our strategy to estimate the causal effect of railroads. First,
we present two sets of instruments and the corresponding identification assumptions
associated to them. Then, we provide some evidence to support our econometric
strategy.

201t is important check this for two reasons: (i) this year does not add much statistical information because
railroad construction was delayed due to the Pacific War, and (ii) this is the only year for which we do not
have information on occupations, so it is useful to present the correlation for later comparisons.
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4.1 Instrumental variables

The first instrumental variable we propose relies on the fact that, once it has been
decided to construct a certain railroad from Santiago to other cities, we should
expect the railroad to be constructed in a certain amount of years, given the tech-
nology available. Thus, the railroad should be finished in a known period of time.
This time variation in the railroad’s arrival is plausibly exogenous, especially con-
sidering that we present regressions with department and year fixed effects. In
contrast, real construction could vary endogenously. The information in Oppen-
heimer (1976) suggests that the available technology in the 1850-1875 period
in the railroad industry allowed it to build approximately 36 km annually. This
means that we should expect a construction of 360 km in a 10-year period. Then,
using this idea and the fact that construction started from Santiago in 1852, we
can construct the expected construction in each department in the subsequent
periods.

Figure 4 presents the expected and actual construction for all department, ordered
in the y-axis by their distance to Santiago. To construct expected construction, we
first identified departments with some railroads. Then, we notice that in order to
get to departments located farthest from Santiago, railroads had to be constructed in
departments closer to Santiago.?! Thus, we start “constructing” railways in depart-
ments closer to Santiago and then we move to other departments at the available
speed of construction.”? The key identification assumption is that, although the
construction of railroads in department i and not department j is indeed endoge-
nous, once we control for fixed effects the predicted railroads constructed at time
t given the technology in each department is plausibly exogenous and, therefore,
affects population variables only through effective construction. Panel (a) in Fig. 4
shows how in 1865 several departments have already reached their expected con-
struction. However, other departments were “late adopters” despite the fact that the
available technology would have allowed them to have railroads. Panel (b) shows
that in 1875 most of these “delayed” departments catch up with expected construc-
tion, but other departments started new construction, and thus some others were
delayed. By 1920, most departments have actual construction equal to expected
construction.

The second instrument is based on previous literature that uses “straight lines”
(Atack et al. 2010; Banerjee et al. 2020; Faber 2012). This identification strategy
exploits the fact that railroads usually attempt to connect large cities. Therefore, if
place i happens to be in the middle of two big cities, when we draw a theoretical
straight railroad line between the two big cities—the cost-effective construction—

2lpor instance, looking at panels (a) and (b) in Fig. 4, we note that in order to get to, for instance, the
Concepcion department, railroads had to be constructed before in departments located closer to Santiago.
Then, our predicted construction for Concepcion in 1865 is zero and only becomes positive in 1875.
22This idea implies that the timing of the treatment and our instrumental variable is correlated with distance
to Santiago, which also applies to our second instrument below. However, Table 18 shows that all results
are robust to include an interaction of the treatment with distance to Santiago as control.
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Fig.4 Actual and expected railroad construction. Departments are ordered in the vertical axis according to
distance to Santiago. Gray lines depict expected construction of railroads and black lines actual railroads
constructed

place i is likely to get railroads, although it was not the main purpose of the policy.
Estimation then omits the largest cities from the data and estimate two-stage least
squares using the straight line as instrument for effective railroad construction. To
the best of our knowledge, Katz (2018) and this paper are the first to use “straight
lines” in panel data. While Katz (2018) exploits the appearance of new big cities, we
consider straight lines between Santiago and the three main cities to be connected

@ Springer



Railroads, specialization, and population 1043

according to the objectives of the policy.”> We use these lines in panel data; and
therefore, our instrument is the actual construction times a dummy taking a value of
one if any of our straight lines passed through the department.?*

Figure 5 presents a map with the straight lines, the centroid of each department,
and the shortest line between them. There is significant variation in terms of treatment
associated with being located closest to the lines connecting the big cities defined
by the policy. The key identification assumption is that, although the construction of
railroads in department d at time ¢ is probably endogenous, the inferaction between
actual construction and the dummy for being located on the straight line, once we
control for fixed effects, is exogenous. More precisely, we exploit the same variation
as the one used in Banerjee et al. (2020) and Atack et al. (2010), in the sense that at
any moment having railroads or not depends on being in the straight line across con-
necting cities. The only difference is that, in our case, the timing of the construction
also matters. This may produce a secondary threat to the identification if the intensity
of construction at time ¢ in departments located in the straight lines is correlated with
time-varying shocks in those periods in these departments. Although we cannot test
this assumption, over-identification tests on the two instruments make us confident
that this potential threat is unlikely to be relevant.

4.2 Empirical validation

Table 5 presents the relationships between railroad construction and the two instru-
ments, first stages in our instrumental variables approach. We present results using
the two instruments separately (in columns 1 and 2) and jointly (in column 3).
These results are important because it could be the case that both instruments cap-
ture the same type variation; thus, we do not add new information to the estimates.
Importantly, coefficients are interpreted as elasticities from the instruments to the
endogenous variable.

Both instruments are highly predicted of railroads. The theoretical construction of
railroads is positively correlated with actual construction, with a coefficient of 0.73
(column 1, #-stat of 10.02). Similarly, straight lines are also positively correlated with
a coefficient of 0.85 (column 2 , ¢-stat of 21.62). Column 3 combines both instru-
ments and the two coefficients decrease, but they still are individually and jointly
significant with an F-stat of 121.06. These results are important because they sug-
gest that both instruments, while positively correlated, capture different sources of
variation. Columns 4-6 present robustness exercises. Columns 4-5 exclude depart-
ments located in connecting and big cities respectively and results remain similar.
Column 6 defines the dependent variable considering just the intensive margin, i.e.,
a dummy that takes a value of 1 if the department has some railroads. Results indi-

Zn particular, we consider one straight line from Santiago to Valparaiso and another from Santiago to
Puerto Montt. Then, using the line from Santiago to Puerto Montt, we add another segment, defined as the
shortest straight line between Concepcion and the straight line between Santiago and Puerto Montt.

24 A's a robustness check, we also use a measure of the distance from the centroid of the department to the
closest straight line and normalize the distance to make the distance to the straight line comparable to the
dummy, with a value of 1 when the centroid of the department is on the straight line and a value of 0 when
the distance is equal to the maximum distance observed in the data.
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Fig.5 Straight lines. This map
shows the shortest distance (blue
lines) from the 34 departments
in our analysis to the straight
lines (red lines) that connected
the three largest cities in Chile:
Valparaiso, Santiago, and
Concepcion. Black circles
represent the centroid of
departments

cate that both variables have statistical power. We conclude that the instruments are

strongly correlated with the endogenous variable.

We also implemented two falsification exercises to test whether the instruments
are correlated with variables that could affect outcomes before the railroads were con-
structed. We focus on population density in 1854 and our index of wheat suitability,
both closely correlated with outcomes that we study. We define the cumulative kilo-
meters of railroads constructed and the two instruments for the entire period. Then,
we estimate cross-sectional regressions of the two outcomes on our instruments.
Figure 6 presents value-added plots for each instrument and dependent variable, and
Table 13 presents regression results. Reassuringly, the instruments are uncorrelated
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1046 A.Forero et al.

Falsification Exercises
Added Value Plot, Population in 1854
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Fig. 6 Added value plots, falsification exercises. Added value plots correspond to regressions presented
in Table 13

with these important initial conditions. These results provide some support to our
identification assumption. We complement the analyses with over-identification tests.

5 Railroads and population growth

This section discusses results using our instrumental variables approach. Table 6 uses
urban population, rural population, the share of urban population, and total popu-
lation as dependent variables and present estimates for each instrumental variable
separately and then both together. We also present the Kleibergen-Paap under-
identification test and the Sargan over-identification test. The latter is particularly
important to study the validity of our strategy when we use the two instruments
together. We adjust standard errors adjusted for spatial autocorrelation using a
200-km cutoff in distance (Conley 1999).25

Z5Results are also robust to using other distance cutoffs. Given that all results are robust to the use of
spatial correlation, Table 6 is the only one reporting Conley standard errors.
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1048 A.Forero et al.

5.1 Urban and rural population

Columns 1-3 in Table 6 study urban population. Column 1 uses straight lines as
instrument. The coefficient on railroads is 0.14 (s.e. 0.04). The magnitude is some-
what bigger than the one presented in Table 3. Column 2 uses predicted railroads as
and the coefficient barely changes to an estimate of 0.16 (s.e. 0.04). When we com-
bine both instruments, the estimated coefficient is 0.14 (s.e. 0.04). The Sargan test
provides support for the validity of instruments and the Kleibergen-Paap test com-
fortably rejects the null hypothesis of under-identification. We conclude that there is
a significant causal effect of railroad construction on urban population. The estimated
coefficient of implies that a 100% increase in railways, i.e., a 41-km construction,
causes a 14% increase in urban population, which represents about a 3700 people
increase in urban areas.

Columns 4-6 present the same exercises but using rural population as the left-
hand side variable. In this case, we also document a significant positive effect of
railroads with some small differences for different specifications. We again pass the
under-identification and over-identification tests comfortably. Taking the results of
the over-identified model in column 6, the estimated coefficient is 0.15 (s.e. 0.03).
This implies that a 100% increase in railways, i.e., a 41-km construction, causes a
15% increase in urban population, which represents about a 5800 increase in people
living in rural areas.

The remaining columns present estimates for urbanization rates (columns 7-9) and
total population (columns 10-12). As expected, we find a null effect on urbanization
rates and a positive effect on total population. If we take results from column 12, we
find an estimate of 0.13 (s.e. 0.03). In sum, results in Table 6 suggest a positive causal
effect of railroads on both rural and urban populations, without a significant change
in urbanization rates.

Table 14 presents results of three different robustness checks to our estimates:
excluding the three largest departments, excluding departments with connecting
cities, and using an alternative straight lines instrument which uses distance to the
closest straight line instead of a dummy variable. These are important checks and,
moreover, excluding connecting cities is also relevant for our second instrument
(Banerjee et al. 2020). The estimates are robust to all of these changes. Moreover,
both under- and over-identification tests are again passed.?

In order to examine the robustness of the results, Fig. 7 displays the distribution
of point estimates for the effect of railroads on urban, rural, and total population
from 34 different regressions for each population variable with a different depart-
ment excluded from the sample. The estimated coefficients on railroads are robust to
excluding single departments from the sample. The coefficients for the regressions
of total population vary from 0.100 to 0.143, urban population from 0.117 to 0.155,
and rural population from 0.117 to 0.161. All these changes are within the standard

26Table 15 studies whether the effects of railroads are driven by the extensive or intensive margin. Using
the two instruments, we construct “extensive margin” instruments and run regressions of population on our
main measure of railroads penetration in a department and a dummy of whether the department has any
railroads using four instrumental variables. Results suggest that the intensive margin is more important.
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Effects of Railroads, Excluding Individual Departments
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Fig. 7 Effects of railroads, excluding individual departments. Coefficients on log of railroads from our
main instrumental variables regression excluding one of the departments in each regression

errors estimated in our main regressions. Thus, this evidence suggests that our main
results are not explained by individual departments.

In sum, results in this section suggest that there is a positive and economically
significant effect of railroads on population, implying similar effects on both urban
and rural areas of the departments. The evidence of railroads increasing both urban
and rural population is interesting and novel in the literature. These results imply that
railroads do not necessarily increase urbanization rates. We argue that a change in
urbanization depends on the context and the comparative advantage of the affected
areas.

5.2 Therole of time-varying factors

The impact of railroads might differ depending on (i) macroeconomic conditions that
affect production, and (ii) in the short versus the long run. This section estimates
additional panel data models to study whether effects are likely to depend on time-
varying factors: random effects, first-differences, and long-differences. Results are
presented in Table 7.

Columns 1, 4, 7, and 10 present results of random effects models. Results are
similar to the ones using fixed effects models in Table 6, suggesting that measure-
ment error is probably unlikely to be relevant. Next, columns 2, 5, 8, and 11 display
first-differences estimates. Estimates are still statistically significant but smaller in
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Railroads, specialization, and population 1051

magnitude than our fixed- and random-effects estimators. The remaining columns
present long-difference estimates. These estimates are slightly bigger than our fixed
effects estimates, suggesting that the long-run effects are similar or even larger than
the short-term effects. Taken together, long- and first-differences estimates differ
from fixed effects estimates, which suggests that the effects of railroads are likely to
vary over time.

In sum, the results in this subsection suggest that railroads might have different
effects on population growth depending on time-varying factors. The next section
studies the role of macroeconomic conditions as measured by the exchange rate.

6 Specialization, human capital, and fertility

This section explores potential mechanisms underlying our estimated impacts of rail-
road construction on population size. The motivation comes from two literatures.
First, the trade literature in which railroad construction operates as a reduction in
transport costs in the context of a small open economy. This reduction reduces trade
barriers and allows regions to specialize in goods in which they have a compara-
tive advantage, with labor mobility playing a crucial role. This mechanism implies
that the effect of railroads depends on the real exchange rate, in particular on rela-
tive prices at the time in which railroads arrived. If the price of tradeable goods is
relatively high, relatively more workers will move to agriculture.?’” Second, the liter-
atures on demographic transitions and structural transformations, which suggest that
the effect of additional trade opportunities on human capital accumulation and fer-
tility outcomes depend on the comparative advantage of different places (Galor and
Mountford 2008; Katz 2018; Uribe-Castro 2019). This mechanism implies that rail-
roads should affect population as well as human capital accumulation and fertility
patterns.

We extend the previous analyses in two dimensions to study potential mechanisms.
First, we study heterogeneous effects of railroads on all outcomes along two dimen-
sions: potential for agriculture expansion and the real exchange rate level in year 7.
Second, we add dependent variables to our population and urbanization variables.
Some of them are related to economic mechanisms such as the share of labor in agri-
culture, manufacturing, and services, and a Herfindahl index of labor concentration.
Others are related to fertility rates, human capital levels and accumulation, and the
share of the foreign composition of the population.

6.1 The importance of comparative advantage

Motivated by the trade literature, we begin by studying potential heterogeneous
effects of railroads. Our argument implies that areas with more potential for

2TThese ideas follow from models in Desmet and Rossi-Hansberg (2014), Rossi-Hansberg and Wright
(2007), Fajgelbaum and Redding (2018), Adamopoulos (2011), Vandenbroucke (2008), Herrendorf et al.
(2008), Caselli and Coleman (2001), Donaldson (2018), and Donaldson and Hornbeck (2016), among
others.
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Railroads, specialization, and population 1053

agricultural expansion should be more affected by railroads. In turn, changes in the
real exchange rate should be particularly important. Figure 2 plots fluctuations in the
real exchange rate from 1865 to 1920. If a department receives railroads in 1865 with
a high real exchange rate, the effects should be significantly different on a number of
economic outcomes than if the department receives railroads in 1875 when the real
exchange rate was low.

Table 8 presents estimates using both instruments.”® Columns 1-2 present the
effects on urban and rural populations. The direct impacts of railroads are positive
and economically significant, consistent with our previous results. The interactions
of railroads with potential for agriculture expansion are also significant and positive:
railroads increased population more in regions with more potential for agriculture
expansion. The interaction of the real exchange rate with railroads is negative for
urban population and zero for rural population.

Figure 8 helps to clarify the economic significance of the effects for different
departments and different real exchange rates. We present the effects for values of
the percentiles 25, 50, and 75 of both agricultural expansion and the real exchange
rate. Areas with potential for expansion located in the percentile 75 of the distribution
experienced increases in population in both rural and urban areas that were much
bigger than the average effects. In turn, the interaction effects for the real exchange
rate imply that while the effects of railroads on rural population are similar by the
level of the exchange rate, the effects of railroads on the urban population are affected
by the real exchange rate, as the urban population increases significantly less when
the railroads’ arrival takes place in periods when the real exchange is relatively high.
These patterns imply the results presented in column 3 of Table 8 which shows little
interaction effects for the potential of agriculture expansion but a negative interaction
effect of railroads and the real exchange rate.

Columns 4-8 in Table 8 help to understand these results. Column 4 presents esti-
mates for a Herfindahl-Hirschman index of employment concentration. While the
main effect is not different from 0, the results show positive and statistically signifi-
cant effects of the interactions of railroads with the potential for agriculture expansion
and with the real exchange rate, implying an increase in specialization. The higher
specialization is driven by significant and positive interaction effects on the share
of agriculture (for both agriculture expansion and the real exchange rate), which is
compensated by negative interaction effects of the real exchange rate with railroad
construction in the manufacturing and services shares. This is expected given the
insights of the trade models discussed above. These results help to understand the
interaction effects on urban and rural populations, as periods with high exchange
rates affect movements of urban population.

These estimates are subject to some challenges. The most relevant is related to
the interaction effects of the real exchange rate and railroad construction. As we
discussed before, the real exchange rate is probably a consequence of the macroeco-
nomic equilibrium of the Chilean economy in this period. Therefore, the interaction

28Note that while our variable for agriculture expansion has a mean of 0 (as it is constructed using the
residual of a regression), we demeaned the log of the real exchange rate in the regressions; therefore, the
main effect of railroads represents the impact of this variable at the average real exchange rate.
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Impact of Railroads on Urban Population
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Fig.8 Heterogenous effects of railroad expansion. Created using results in Table 8

effects may be a consequence of other macroeconomic shocks. Table 16 explores
the robustness of results to other macroeconomic channels. We consider the poten-
tial influence of GDP growth, GDP growth in mining, and government expenditure
as a percentage of GDP. In all cases, we add an additional interaction of railroads and
these other macroeconomic variables and compare estimates for the interaction of
railroads and the real exchange rate with the ones reported in Table 8. While in some
cases, the new interactions are statistically significant (e.g., column 1 in panel A)
and some of the point estimates change, the main conclusions derived from Table 8
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remain: the interaction of the real exchange rate and railroads is negative for urban
population, negative for urbanization, positive for the Herfindahl index, positive for
the share of labor in agriculture, negative for the share of labor in industry, and
negative for services.?’

Finally, to further understand results, we considered two additional dimensions
that may be relevant: distance to Santiago and terrain ruggedness.’? Results are pre-
sented in Table 18. First, as expected departments located far from Santiago benefited
more in terms of population growth without a discernible effect on urbanization.
Interestingly, it seems that the arrival of the railroad helped more the development of
manufacturing than agriculture, probably because these departments were part of the
frontier and had low levels of development. Second, regarding terrain ruggedness, we
do not observe that there are significant heterogeneous effects of this variable with
railroads, probably capturing the fact that in Chile the departments with higher val-
ues in the ruggedness index are located on average in the central areas, which were
more populated and developed initially.

In sum, the results in this section suggest that the effects of railroads on the
economy are mediated by comparative advantage considerations, related to both
endowments and to changes in price conditions, as suggested by a simple rationale
derived from trade models. This explains why we find, in contrast to the previous lit-
erature, that railroads do not necessarily increase urbanization and even the opposite
during periods of favorable price conditions. Our results also suggest a key role for
the expansion of the size of the urban population and internal migration within the
country. Unfortunately, we lack data to test the role of internal migration but John-
son (1978) documents a significant role of movements within the country to explain
population growth in different departments.

6.2 Human capital and fertility

As suggested by our theoretical rationale, all previous results should have impli-
cations for patterns of human capital accumulation and fertility outcomes. Table 9
studies whether this is the case. We again estimate the direct effect of railroads and
heterogeneous effects related to agricultural expansion and the real exchange rate.
Column 1 presents results for the Duncan index, a proxy for the skill intensity in
different departments. We observe little relationship with railroads but a negative
interaction with the potential for agriculture development and with the real exchange
rate. This is consistent with our previous results in Table 8. Column 2 shows small
direct and heterogeneous effects of railroads on literacy rates. Together, these results
suggest that railroads decreased the demand for skill in areas and moments where the
comparative advantage of agriculture production was more relevant. Moreover, we
see little movements of less skilled workers to these areas in the short-term.

2Table 17 presents results using the interaction of the real price of wheat instead of the real exchange
rate. The sign and magnitude of the interactions are consistent with results in Table 8, confirming that the
heterogeneous effects of railroad with the real exchange rate are related to production incentives.

30Qur proxy for the potential of agricultural growth is orthogonal to distance to Santiago because it is the
negative of a residual of a regression including distance to Santiago. The same applies to initial population.
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Columns 3-6 study proxies for human capital accumulation. Results in column 3
show that schools per capita have were not affected by railroads (which implies that
schools grow at the same rate as the population). In turn, railroads had a negative
impact in areas with more potential for agriculture. Note that results in columns 4-5
show that while the share of teachers in the population is not affected by railroads, the
share of students decreases in areas with more agriculture potential when railroads
arrive. The latter result may be a combination of changes in the supply and demand
for education. We cannot disentangle between the two but the pattern is consistent
with a model in which the increase in the demand for less intensive occupations
decreases human capital accumulation in equilibrium. Column 6 studies if railroads
affected foreign migration. This is important as railroads were contemporaneous with
an increase in foreign (skilled) immigration flows to some areas (Gonzalez 2019).
However, the share of foreigners was not especially affected by railroads, but there
is a negative interaction of railroads and the real exchange rate. This result is con-
sistent with our previous evidence in that the flows of skilled immigrants grew at
a lower rate when there were incentives to produce less skill-intensive goods (i.e.,
in agriculture).

Columns 7-8 study the effects of railroads on fertility outcomes. As previously
discussed, the fact that railroads do not seem to have produced significant effects on
human capital outcomes and seem to have produced a decrease in the demand for
skills in some areas should imply that we do not observe a demographic transition
in these areas (with decreases in fertility rates). Column 7 presents the effects on the
ratio of births per woman. Results show that railroads did not affect this dimension.
Finally, in order to measure the impact of railroads on the quality dimension of fertil-
ity, we collected data on the share of children born out-of-wedlock. This phenomenon
is particularly interesting in the history of Chile and captures important features of the
marriage market that affect the quality of life of families and newborns (Diaz et al.
2016). Results indicate zero effects of railroads on this dimension, suggesting that
the shock associated to railroad expansion did not affect fertility patterns in terms of
the type of family where the kids were born.

All in all, the results in this section suggest that the expansion of railroads did
not increase human capital accumulation and did not affect fertility patterns. This is
consistent with the fact that railroads were specially important for the development
of low-skill activities such as agriculture and, therefore, did not lead to a process of
structural transformation.!

7 Conclusion

Societies are often confronted with understanding the economic and social conse-
quences of the construction of transportation infrastructure. OQur paper examines

31'We also studied whether railroads affected the size of the transport and communication sector, and state
presence. Any of them can be interpreted as an alternative explanation for the potential effects of railroads
on population and other variables. We do not find effects of railroads on these dimensions (Table 19).
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the case of the central and south areas of Chile during the first globalization.
We constructed a panel data set using historical sources to document a 60-year
process of railroad construction and designed an identification strategy using exoge-
nous variation in an instrumental variable framework. We complement the liter-
ature with a new source of exogenous variation related to speed of construction
given by the existing construction technology, which enables us to predict the
timing of infrastructure availability. Deviations from this prediction are endoge-
nous, but we overcome this endogeneity by instrumenting effective with predicted
construction.

We find that railroads caused significant increases in urban, rural, and total popu-
lation without affecting urbanization rates. We argue that there is a complementarity
between railroads and competitive advantages related to agriculture motivated by
a simple rationale based on trade models. It is worth noting that Chile is a small
open economy and the regions we study have comparative advantages in agricul-
ture. We test these ideas in two dimensions: whether areas with more potential
for agriculture are more affected by the railroad shock and whether the effect of
railroad construction is stronger when the prices of tradable goods are higher (prox-
ied by the real exchange rate). We find support for both hypotheses. To further
understand the mechanisms behind these effects, we extended our analyses and esti-
mate the effects on economic specialization and sectoral composition. We further
show that the abovementioned effects are accompanied by increases in specializa-
tion, mostly driven by movements of employment to agriculture. We also argue that
these patterns reflect important flows of internal migration from other regions. Thus,
our results show, in contrast to most of previous work, that railroad construction
does not necessarily imply an increase in urbanization rates but this depends on the
pattern of comparative advantage and how this complements with the decrease in
transportation costs.

Finally, we find that railroad construction did not increase human capital accu-
mulation and did not affect fertility outcomes. This is consistent with the fact that
railroads decreased the demand for skills in the areas and moments where there
were more incentives to move to agriculture production. Putting it differently, as
railroads did not produce a process of structural transformation, then we do not
observe that they moved the economy to a demographic transition with lower fer-
tility rates and more human capital accumulation. We believe that the findings in
this study contribute to our understanding about the role of transportation on eco-
nomic and social development. We also hope that they shed some light on the
mechanisms.
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Table 12 Estimation, potential for agricultural expansion

Share of agriculture in labor in 1854

@ @) 3
Wheat suitability 0.102%** 0.098*** 0.066**
(0.027) (0.023) (0.027)
Distance to Santiago 0.222%%%* 0.124*
(0.071) (0.068)
Share of literate Pop. 0.300
(0.386)
Urbanization —0.414%*
(0.193)
Population density —0.000
(0.000)
Observations 43 43 36
R-squared 0.219 0.394 0.631

Robust standard errors in parentheses. Statistical significance: ***p < 0.01, **p < 0.05, *p < 0.1

Table 13 Robustness, falsification exercises

Log of population Wheat suitability
density in 1854 index
(1) 2) 3)
Predicted railroads, cumulative 0.031 0.001
(0.090) (0.070)
Straight lines, cumulative —0.048 —0.004
(0.075) (0.061)
Observations 34 34
R-squared 0.594 0.257

Robust standard errors in parentheses. Statistical significance: ***p < 0.01, **p < 0.05, *p < 0.1
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Table 15 Robustness, extensive and intensive margin

Dependent variable:

Log urban population

(€]

Log rural population

(@)

Urbanization

3

Log population
“

Log railways

Extensive margin

of railways

Observations

0.173%%*
(0.077)

—0.128
(0.293)

202

0.177%%*
(0.073)

—0.136
(0.257)

202

0.001
(0.014)

0.003
(0.063)

202

0.136*
(0.073)

—0.029
(0.255)

204

All columns include department fixed effects and year fixed effects. Robust standard errors in parentheses.
*#**p < 0.01, **p < 0.05, *p < 0.1
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1070 A. Forero et al.

Table 19 Mechanisms, alternative channels

Share of Share of Share of
Dependent variable state Empl. transport telegraph
1 @) 3)
Log railways —0.000 —0.000 —0.000
(0.000) (0.000) (0.000)
Observations 170 170 170

All columns include department fixed effects and year fixed effects. Robust standard errors in parentheses.
***p < 0.01, **p < 0.05, *p < 0.1
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