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1 Introduction
Few settings allow us to observe how a sudden and externally imposed opening to trade af-
fected individual workers within a technologically advanced industry. The Chinese treaty-port
system created just such a setting, and the railway sector provides an especially revealing
case. In the early twentieth century, railways were among the most technologically advanced
and capital-intensive industries in the world. They employed a highly skilled workforce: en-
gineers, operators, and administrators trained to handle imported machinery and coordinate
with foreign experts. Understanding how global integration influenced these workers offers a
unique microeconomic perspective on how trade shaped the formation of human capital and
the emergence of industrial labor markets in an industrializing economy.

The relationship between trade and labor-market outcomes has long captured the attention
of economists and historians alike. A large body of research in contemporary contexts suggests
that skilled workers tend to benefit from trade (Brenton, 1999; Arbache, Dickerson Green,
2004; Goldberg Pavcnik, 2007). Yet relatively few studies investigate this relationship in a
historical setting, and even fewer do so using individual-level data. This paper addresses both
gaps by examining the link between trade exposure and labor-market outcomes during China’
s treaty-port era (1842–1943).

Following its defeat in the First Opium War (1839–1842), China was forced to open to
foreign trade under a treaty-port system that lasted for a century. More than forty cities were
designated as treaty ports, granting foreign powers significant economic privileges. What makes
this episode exceptional is that trade was not an organic outgrowth of domestic demand but
an externally imposed shock that produced substantial regional and intertemporal variation in
exposure. It was also a period of accelerated technological diffusion, as Western machinery, in-
dustrial practices, and infrastructure, most notably the railways, transformed local economies.
These features make treaty-port China a distinctive and powerful testing ground for under-
standing how global trade shaped the development of skills, wages, and career trajectories in
one of the most technologically advanced sectors of its time.

Specifically, we use the 1929 Jinpu Railroad Personnel dataset, initially analyzed by Yuchtman
(2017), combined with digitized Chinese Maritime Customs Services (CMCS) trade revenue
data. Our study provides microeconomic evidence on the relationship between trade and wage
premiums in late 19th and early 20th century China. We test the hypothesis that early-life
exposure to trade positively influenced the wage premium of skilled workers.

Our analysis leverages variations in workers’ birth years and the trade exposure of their
birthplaces. This exposure changed across both extensive and intensive margins, as the spatial
distribution of trade intensity evolved and new treaty ports were established over time. Our
baseline results indicate that early life trade exposure significantly affected individual earnings,
even after controlling for personal and regional characteristics. Notably, proximity to a treaty
port during one’s formative years increased wages by 25–30%.

To address potential endogeneity concerns, we employ an instrumental variable (IV) strategy
based on the historical presence of customs stations. These stations, established in the 17th
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century primarily for military and tax purposes, predated large-scale trade relations with the
West and, as Jia (2014) argues, did not independently drive economic growth. The assignment
of treaty ports, however, was influenced by these pre-existing stations, making them a suitable
instrument for trade exposure.

Beyond wage outcomes, we investigate how trade exposure shaped education and career
trajectories. Using the same dataset, Yuchtman (2017) demonstrated that workers with mod-
ern rather than classical Chinese education earned higher wages. Building on this, we examine
whether trade exposure influenced educational choices. Interestingly, our results show no sig-
nificant link between early-life trade exposure and educational attainment. This may reflect
the limited availability of modern education during this period. While trade exposure may have
increased preferences for modern education, these preferences did not translate into educational
choice outcomes.

However, we find strong evidence that trade exposure influenced career paths. Workers
exposed to trade early in life were more likely to pursue industrial and other civil careers, while
those with less exposure often entered the military. These prior career choices significantly
shaped both occupational roles within the railroad and wages within those roles. Workers
with civil backgrounds were more likely to occupy machine-related, clerical, and managerial
positions, while those with military backgrounds were concentrated in lower-paying roles such
as police work. Remarkably, military-background workers earned up to 40% less within most
occupations, except in the police force, where they earned approximately 60% more. These
wage disparities likely reflect differences in expertise and prior experience, which determined
workers’ suitability for higher-paying roles. Our findings suggest that an important channel of
the effect of trade exposure on people’s earnings is their career trajectory and accumulation of
relevant human capital.

This paper relates to several strands of economic literature. First, it directly relates to
the broad literature on the relationship between trade and labour market outcomes (Brenton,
1999; Arbache, Dickerson, & Green, 2004; Goldberg & Pavcnik, 2007). More relevant to our
historical context, Mitchener and Yan (2014) find a nationwide rise in the low skilled wages
and employment and a decrease in skill premium during China’s export boom in the Great
War and early 1920s using a difference-in-difference estimation and a simulation of a modified
Heckscher-Ohlin-Vanek model. Unlike the majority of the existing work on this topic, our work
provides evidence at the micro level instead of the macro level.

Second, our analysis of trade exposure’s impact on education relates to the literature on edu-
cational institutions in late imperial and early Republican China. Yuchtman (2017) showed that
labor market outcomes varied significantly between traditional and modern education systems,
while Bai (2019) found that prefectures with higher civil exam quotas were more likely to have
modern firms and overseas students, suggesting that the civil exam system contributed to talent
misallocation. Dong and Zhang (2024) linked the imperial examination (human capital) to the
rise of modern science, while showing a negative relation between values of Neo-Confucianism
and science. Our results contribute to this discussion by highlighting the limited effect of trade
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exposure on educational attainment, likely due to structural constraints.
Finally, our work contributes to the literature on Western influence and economic develop-

ment in late imperial and Republican China. Bai and Kung (2015) found that counties with
Protestant missionaries experienced higher development due to missionary-led schools and hos-
pitals, which facilitated“useful knowledge”for modern economic growth. Keller, Li, and Shiue
(2013) documented the persistent positive effects of foreign direct investment in Shanghai’s
treaty port, while Jia (2014) showed that prefectures with treaty ports experienced sustained
economic growth. Additionally, Keller, Andres Santiago, and Shiue (2017) studied the propa-
gation of trade through treaty port networks and its impact on regional welfare distribution,
and Bai and Kung (2022) examined how opium trade-induced silver outflows depressed living
standards. At last, Feng (2024) studies the effect of trade during treaty-port era on firm-level
entry. She documents that higher price of imported consumer goods is positively related to en-
try of Chinese firms, while the link between entry and imports of capital goods is negative. We
contribute to this vibrant discussion by analyzing individual rather than aggregate outcomes
and determine possible channels of welfare and inequality growth associated with trade.

The rest of this paper will proceed as follows. In Section 2, we provide a brief overview
of the historical background of China’s treaty port system, the development of education in
19th-century China, and the Jinpu Railroad. In Section 3, we introduce data sources and
define the variables used in the analysis. In Section 4, we test how early life trade exposure
affected labour market outcome. In Section 5, we explore a particular channel of the influence
of trade exposure on labour market outcome by testing whether trade exposure explained one’s
educational choice. In Section 6, we analyze the effect of trade exposure on workers’ prior
career choice and the effect on this choice on occupation and wages at Jinpu railroad. Section
7 summarizes and concludes the study.

2 Historical Background

2.1 China’s Treaty Port System

Before the 1840 Opium War, China’s foreign trade operated exclusively through the port of
Canton (Guangzhou) under the monopolistic and restrictive ”Canton System”.1 Following
China’s defeat in the war, the 1842 Treaty of Nanking established the treaty port system,
marking the beginning of a new era. As a part of the treaty, four additional ports were opened to
foreign trade alongside Canton. Over the subsequent decades, the treaty port system expanded
to northern coastal areas and inland regions along the Yangtze River, driven by a series of
military and diplomatic defeats and the resulting treaties with Great Britan, France or the US.
By 1910, more than 40 treaty ports had been established. The system formally ended in 1943
when the Sino-British Treaty for the Relinquishment of Extra-Territorial Rights in China was
concluded.

1Keller et al. (2017) provides an excellent overview of the trajectories of China’s treaty port system.
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In mainstream Chinese historical narratives, the treaty port era is often portrayed as a
period of humiliation, during which the Qing Empire lost sovereignty and jurisdictional inde-
pendence to foreign powers (Callahan, 2004). In addition to gaining trade rights, these foreign
powers enjoyed extraterritoriality in settlements or concessions in the treaty ports. Even the
Chinese Maritime Customs Service, the tax collection agency nominally under Qing jurisdic-
tion, was managed by foreign powers (Hsiao, 1974). However, the treaty port system indeli-
bly impacted China’s long-term economic development and transition to modernity. Several
treaty ports evolved into regional commercial and industrial hubs that brought forth decades-
to-century-long impacts on the Chinese economy. In addition, the expansion of foreign trade,
coupled with missionary activity, facilitated the introduction of Western knowledge, ideologies,
technologies, and education into China.

2.2 Education in Late Imperial China

For more than a millennium prior to the 1840s, traditional Chinese education focused narrowly
on training in the Confucian classics, primarily to prepare students for the highly competitive
Keju civil service examinations.2 Preparation for Keju typically began around the age of five,
with many years of diligent study to master and memorise Confucian classics, which formed
the basis of the exams (Elman, 2013). Candidates also devoted more time to practising their
composition skills for the structured ‘eight-legged essays’ that ultimately determined their suc-
cess or failure in the exam.3 This educational focus was heavily influenced by the material and
skills required for the exams, leaving little incentive to pursue broader studies.

In the latter half of the 19th century, the narrow focus of the traditional education system
came under criticism. Hence, in the 1890s, Western subjects, particularly the sciences, were
introduced into the Keju civil service examinations and thus into the traditional curriculum.
However, this attempt failed to promote serious study of modern science. Exam questions on
Western sciences tended to be philosophical rather than practical, and essays on these topics
were judged more on stylistic and literary merit than on scientific aptitude (Elman, 2006).
Consequently, the traditional education system retained its focus on the Confucian classics.

The civil exam system was eventually abolished in 1905, as the Qing court reached the
consensus that the Confucian-focus examination and educational system was problematic and
in need of urgent reform. Before this abolition, students seeking practical training in Western
science had to leave the traditional educational framework, (Dong & Zhang, 2024). From
the 1860s onward, two types of non-traditional schools emerged: government military arsenal
and language schools, and Christian missionary schools. The former, established as part of
the ”Self-strengthening Movement” reforms initiated in 1861, translated Western books and
scientific journals while offering training in science and engineering to develop military useful

2See Yuchtman (2017) for an excellent review of education systems in late imperial China.
3The ‘eight-legged essay’ was strictly structured, with rigid restrictions on word count and rhyming and

rhetoric techniques. Shiue (2017) shows that the ‘eight-legged essay’ made the civil exam more predictable,
thus raising the return on investment in civil-exam-based education, encouraging participation in the civil exam,
and leading to quality over quantity in child-raising.
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skills.4 Christian schools, founded by missionary societies, provided a modern educational
hierarchy and curriculum that covered western subjects such as mathematics, sciences, foreign
languages, and engineering (Bays, 2012). The locations of the Christian schools depended on
the locations of the missionary activities, usually in the towns of the treaty ports (Bays, 2012).
For decades, these schools that provided training in modern knowledge were only available in a
limited number of places nationwide. In the last quarter of the 19th century, Chinese students
were also able to access Western knowledge through study abroad. Japan and the United States
were two of the most popular destinations for Chinese students to study abroad at that time
(Meng, 1927).

2.3 The Tianjin-Pukou Railroad

In 1898, Germany and Great Britain obtained a joint concession for constructing a railway line
between the city of Tianjin and the town of Pukou to link Northern China to the prosperous
Shanghai-Nanjing region, thus establishing the joint German-British venture JinPu railroad
(location of the railway line is shown in Figure 2).The railway line was completed and began
full service in 1912. The city of Jinan, the provincial capital of Shandong province and where the
Jinpu Railroad headquarter was located, soon became a commercial and industrial hub. The
railroad was successful in operation, despite its exposure to political uncertainty throughout
the Great War periods and the so-called ‘Warlord Era’ in the 1920s.5

In 1928, the Nationalist Government’s Ministry of Railroads took full and direct control of
the JinPu Railroad and standardised all aspects of management, including finances, personnel,
and politics. Shortly afterward, the Ministry compiled a comprehensive personnel record of
skilled workers, which was finalized in 1929. These records provide a valuable historical resource,
offering rare insights into the labor market outcomes of skilled workers in early 20th-century
China. A sample page from these employee records is included in Appendix A.

3 Data

3.1 Descriptions of Data and Sources

The Jinpu Railroad Personnel Record Dataset

The 1929 Jinpu Railroad Personnel Record dataset, originally collected by Professor Elisabeth
Köll and analysed by Yuchtman (2017), provides most of the employee information needed
for our analysis.6 The dataset consists of a cross-section of 829 Railroad employees, including

4Cong (2007) provides a description of the education system at the turn of the 20th century.
5The political regime around the Jinpu railway line was constantly changing. Germany acquired dominance in

Shandong Province in 1898 and was replaced by Japan during the Great War. The Chinese Beiyang government
regained control after the Shandong Problem was diplomatically resolved. Until 1928 the Nationalist government
nominally took control or ‘unified’ most parts of China, some adjacent prefectures were the hot spots of armed
conflicts among provincial military governors. Still, the railroad’s functionality was not disrupted, (Wang, Jin,
Mo, & Wang, 2009).

6Description of the dataset is adapted from Yuchtman (2017).
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details on occupational category, salary, educational attainment, place of origin, age, tenure
with the Railroad, and prior work experience. While the sample in the dataset is not randomly
drawn, it broadly represents the workforce of the JinPu Railroad. One-third of the employees
in the sample had an assigned pay grade instead of a salary. Yuchtman (2017) converts these
pay grades into salaries using the 1932 Railway Yearbook.7

Two key dependent variables—salary and the education category— are directly obtained
from the Jinpu dataset. Additionally, individual-specific controls, such as age, tenure with the
railroad, number of prior jobs, and previous experience in the railroad sector, are drawn from
the dataset.

We incorporate geographic information to the original dataset. Each employee’s place of
origin is matched to the China Historical Geographic Information System (CHGIS) database
of placenames and administrative units in 1911, providing longitude and latitude coordinates.
Figure 2 illustrates the spatial distribution of employees’ places of origin, showing a concentra-
tion in eastern and coastal China. These spatial data are further utilised to generate distance
and spatial-related variables.8 Table 1 reports the summary statistics for these variables.

Data on Trade Exposure

To measure individual trade exposure based on the place of origin, our key explanatory vari-
able, we collect and digitise trade data from the Chinese Maritime Customs Services (CMCS)
statistical records, for the years 1863 to 1919. Unlike most trade datasets which only provide
national-level statistics, the CMCS records document trade activity by ports, allowing for an
analysis at a treaty port level (Keller, Li, & Shiue, 2012). The CMCS records are also considered
highly reliable, as they were systematically collected and processed (Hsiao, 1974).

Specific trade data used in our analysis consist of annual trade volumes for each port from
1863 to 1919. These volumes were consistently measured in fixed silver-standard metrics,
Haikwan (Custom) Tael, Mace, Cash and Candareen throughout the 56 years period. A sample
page from the CMCS trade revenue records is provided in Figure 1. 9

Since trade exposure diminishes with distance, we use spatial data for 48 treaty ports
documented in the CMCS records to compute distances from each individual’s place of origin
to each treaty port.10 The locations of these 48 ports are shown in Figure 2.

Other Controls and Instrumental Variables

In addition to the core variables, we use a number of additional place-of-origin-specific controls
and instrumental variables. We discuss these variables below and provide corresponding sum-

7Yuchtman (2017) discusses the distortion concerns associated with this conversion.
8The place of origin data suffer from typos and misspellings. We provide the details of the data cleaning

process in Appendix B.
9Haikwan Tael: a unit was approximately 37 grams of silver. A Mace was a tenth of a Tael (3.7 grams) and

equivalent to 10 Candareens. A Chinese Yuan at that time would be approximately 7 Mace and 2 Candareens.
10Treaty ports in Taiwan are not included, as Taiwan was ceded to Japan by the Treaty of Shimonoseki in

1895.
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Figure 1: Sample Page of the CMC Trade Data

mary statistics in Table 1.

Native Customs Stations. To address endogeneity concerns, we use the presence of native
customs stations as an instrumental variable. Location data for these stations are drawn from
Qi (2004) and Hamashita (2006), with geographic coordinates sourced from CHGIS . The in-
strument is defined in two ways: (1) as a dummy variable indicating whether a native customs
station operated in an individual’s home prefecture and (2) as the log distance from an indi-
vidual’s place of origin to the nearest native customs station. Further details are provided in
Section 4.2.

Distance to the Grand Canal. The Grand Canal, linking the imperial capital Beijing in
the north with Hangzhou in the south, was the most important waterway in Imperial China
until the late 19th century. Proximity to the canal historically contributed to regional economic
prosperity.11 Using CHGIS geographic data , we calculate the distance from each individual’
s place of origin to the Grand Canal as a proxy for regional economic development.

11Y. Cao and Chen (2022) provide evidence of the Grand Canal’s historical economic significance.
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Figure 2: Spatial Distribution of the Place of Origin and Location of the Treaty Ports

Taiping Rebellion. The Taiping Rebellion (1851–1864) was a large-scale civil war that re-
sulted in decades-long economic and political impact on the affected regions.12 To control for
the long-run impact of this conflict, we create a dummy variable based on the qualitative de-
scription in Guo (1989), indicating whether a prefecture was directly affected by the outbreak
of the Taiping Rebellion.

Population Density of the Prefecture in 1851. Prefecture-level population density data
from S. Cao (2001) serve as a proxy for regional economic conditions at the start of the treaty
port era, before the Taiping Rebellion.

3.2 Measures of Trade Exposure

To examine how trade exposure affected wage premiums and educational choices, we construct
two measures of trade exposure.

12There is extensive literature on the long-run socioeconomic impact of the Taiping Rebellion. See, for
example, Von Glahn (2016), Li (2015), and Hao and Xue (2017).
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Table 1: Summary Statistics (of Individual Characteristics

Variable Obs. Mean Std. dev. Min Max
Yearly salary 806 960.61 746.40 180 6600
Types of education
Modern 829 0.59 0.49 0 1
Traditional 829 0.06 0.23 0 1
Military 829 0.08 0.27 0 1
Police 829 0.08 0.27 0 1
Apprentice 829 0.02 0.13 0 1
Individual-specific controls
Age (years) 757 36.91 9.26 16 74
Tenure (years) 802 5.99 7.08 0 24
Num. of prior jobs 829 2.50 1.99 0 11
Railroad experience (Dummy) 829 0.59 0.49 0 1
Place-of-origin-specific controls
Longitude 745 117.86 2.59 104.20 123.17
Latitude 745 33.46 4.89 20.01 41.27
Distance to the Grand Canal (km) 745 185.82 299.73 0.29 1505.68
Affected by Taiping Rebellion (Dummy) 742 0.47 0.50 0 1
Prefecture population density in 1851 743 328.77 228.33 35.20 967.60
Instrument
Native customs station (Dummy) 745 0.48 0.50 0 1
Distance to the nearest native customs Station (km) 745 68.93 69.02 0 506.48
Notes: This table shows descriptive statistics of the dataset of 829 employees of the JinPu Railway line in 1932.
Variables from Yearly salary until Railroad experience show the statistics for the employees for salaries, types
of education, age, tenure in the company, number of jobs before being employed by the Railroad company,
and whether employees had prior Railroad experience. Place of origin controls show the average latitude and
longitude of the places of origin of such employees, the average distance between their place of origin and Grand
Canal, whether the employee was affected by the Taiping Rebellion and the population density of the prefecture
of origin. Under Instrument we know whether the employees were born in a place with a Native Customs
Union and we can also compute the distance to the nearest customs union. Number of observation varies due
to missing observations in place of origin and age.

• Measure 1: tradei is a binary variable equal to 1 if an employee’s place of origin was
within a given radius of a treaty port during their first 5, 10, or 15 years of life, and 0
otherwise.

• Measure 2: tradei is a continuous index capturing cumulative trade exposure from all
treaty ports within a given radius during an individual’s first 5, 10, or 15 years of life.
Specifically, trade exposure of individual i, born in year t0i is calculated as:

tradei = log

∑
k

δi,k

 t̂i∑
t0i

vk,t

 (1)

where k indexes treaty ports that (i) were within the given radius from individual i’s
place of origin, and (ii) were open to trade in the years of interest specific to individual
i; δi,k is the distance discount factor on trade exposure specific to individual i and port
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Table 2: Summary Statistics of Trade Exposure

Measures Obs Mean Std. dev. Min Max
Measure 1:
Indicator
(200 km)

(a) 5 years 745 0.79 0.41 0 1
(b) 10 years 745 0.81 0.39 0 1
(c) 15 years 745 0.82 0.39 0 1

Measure 2:
Cumulative
(200 km)

(a) 5 years 735 10.24 5.51 0 18.39
(b) 10 years 730 11.01 5.64 0 18.76
(c) 15 years 679 11.49 5.72 0 19.10

Notes: This table shows descriptive statistics for our trade exposure variables described. Measure 1 is an
indicator variable for whether there was a Treaty Port in the place of origin of an employee. Measure 2 captures
the cumulative trade exposure of an employee in the first 5, 10, or 15 years of life. Measure 2 is claculated
following Equation 1. Individuals born after 1909 and 1904 were excluded in measures 2(b) and 2(c) respectively,
to maintain measure consistency. The number of observations varies due to missing data in place of origin or
age.

k that is inverse to the distance between i’s place of origin and port k; vk,t is the value
of annual trade revenue in Haikwan Tael of port k in year t as reported in the CMC
statistics report, which is a proxy of trade exposure; t0i and t̂i denote the year of birth
and the last year of interest (e.g. year of age 5/10/15) of individual i, respectively. The
individual-specific distance discount factor, δi,k, is defined by:

δi,k =

{
dist−1

i,k if disti,k ≥ 1

1 if distij ≤ 1

Table 2 presents summary statistics for both measures. Measure 1 captures only the presence
of trade exposure within a given radius, ignoring within-radius variation,13 whereas Measure 2
assumes that within the given radius trade exposure from a treaty port is inversely proportional
to its distance from an individual’s place of origin. Both measures assume that the trade
exposure of a treaty port becomes negligible level beyond the given radius cutoff. To ensure
consistency in cumulative exposure measurement, for Measure 2, we exclude individuals born
after 1909 in sample (b) and those born after 1904 in sample (c), as trade data are available
only up to 1919. Otherwise, these individuals would be systematically under-measured in their
respective samples.

We define three exposure thresholds: ages 5, 10, and 15, corresponding to samples (a), (b),
and (c) (Table 2). Sample (c), which has the broadest age range, measures trade exposure
up to mid-adolescence. Age 15 is particularly relevant as individuals in imperial China were
considered socially mature by this age. For instance, legal marriage age during Qing Dynasty
was 14 for females and 16 for males.14 Those not pursuing higher level of education typically
entered workforce around this age or earlier. Our data corroborate this, with the youngest
recorded employee being 16 years old in 1929.

13Note that Measure 1 is not time-invariant and differs for samples (a), (b), and (c) because new ports have
been opened throughout the timeframe of interest.

14Da-Qing tongli(大清通礼) [Comprehensive Canon on Rituals of the Great Qing], Vol.24.
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Samples (a) and (b) focus on shorter time frames, particularly for examining the effect of
trade exposure on educational choice (Section 5). Schooling typically began at the age of 5 in
historical China (Elman, 2013). After 3 or 4 years of schooling, before or around the age of 10,
children would have acquired a level of literacy that was sufficient to read every text and write
business contracts (Leung, 1994, p. 393; Ebrey, 1993, p. 348). Sample (a), therefore, captures
pre-schooling-age exposure, while sample (b) captures exposure up to the time when a child
would have some level of literacy.

We set the radius cutoff at 200 km, based on two geographical and historical observations.
First, 200 km is approximately half to two-thirds of a typical province’s east-west or north-
south distance, which provides enough variation in socioeconomic characteristics and economic
performance, even in contemporary China. Second, in late imperial and pre-industrial China
a 200 km journey was costly and time consuming. According to Kim (2020)’s calculations,
average effective road speed (e.g. with a wagon and a pack horse) was 17.5 to 22.5 km per
day, while the speed of water transportwas higher, ranging from 35 to 60 km per day. For
a regular traveler and non-urgent transportation of cargo, it took more than three days and
potentially more than a week to travel 200 km. Even as late as the 1930s, a journey of such
distance in China was still costly, as desribed by geographer George Cressey in 1934: “Except
where railroads or modern automobile service is available, travel is on foot, by sedan chair, on
muleback, in two-wheeled carts, or by boat. Twenty miles a day is a good average, and in place
of a journey of a few hours as by rail one spends days jolting along in a two-wheeled cart.”
(Cressey, as cited in Kim, 2012)

Both measures rely on particular assumptions regarding the functional relationship between
distance and trade exposure. Measure 1 treats trade exposure within the 200 km radius uni-
formly but drops to 0 beyond the radius cutoff. 15 Moreover, the dynamics in trade performance
over time within a 200 km radius are not captured.

Measure 2 addresses these concerns and allows for diminishing effect of trade exposure for
more distant cities. This measure assumes that the elasticity of exposure to trade shocks δi,p

is equal to -1 for all treaty ports, which and tackles a much broader discussion of the values
and heterogeneity of trade elasticity in the gravity model of trade (Fratianni & Kang, 2006;
Narayan & Nguyen, 2016; Hu & Zhang, 2021).16

Since Measure 1 does not include any distance discounting, while Measure 2 imposes a steep
discount factor δi,k; these two measures can be interpreted as the limiting cases. The corre-
sponding empirical estimates can be interpreted as upper and lower bounds of trade exposure.
Importantly, our empirical results in sections (4), (5), and (6) remain consistent across both
measures, suggesting that functional form assumptions do not drive our findings.

15For example, a town that is 199 km away from a port would have the same exposure compared to a town
that is only 30 km away.

16Alternative specifications of the effect of distance on trade exposure could be a linear, quasi-linear relation-
ship, logarithmic, or exponential.
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4 Trade Exposure and Labour Market Outcomes

4.1 Baseline Results

The first key hypothesis is whether early-life trade exposure affects wage premiums. We begin
with the baseline estimation using the following specification:

log salaryi = cons+ α× tradei +Xi +Zi + ui (2)

where i indexes an individual; log salaryi is the natural logarithm of yearly salary in 1929;
tradei represent individual exposure to treaty ports and trade; Xi is a vector of individual-
specific controls; Zi is a vector of place-of-origin-specific controls; and ui is an idiosyncratic
error term. The coefficient of interest α captures the long-term effect of trade exposure on
salary.
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Table 3 presents the baseline results, which indicate a significant and positive relationship
between early-life trade exposure and salary. The upper half of the table reports results using
dummy variable for trade exposure (Measure 1). On average, the presence of a treaty port
within 200 km of the place of origin increases yearly salary by approximately 29-39% (columns
(1), (4), (7)). The lower half of the table reports results with the cumulative measures (Measure
2). On average, an additional percentage point in the index of trade exposure increases yearly
salary by 0.015-0.023% (columns (10), (13), (16)). Since this index is based on annual trade
revenue in Haikwan Tael, the percentage increase in Measure 2 is substantial. Overall, the
estimated positive effect of trade exposure on wages is economically meaningful.

After controlling for individual- and place-of-origin specific factors (columns (3), (6), (9),
(12), (15), (18)), the positive effect of trade exposure remains significant, though the magnitude
decreases slightly to around 20% in Measure 1 and around 0.015 to 0.018% in Measure 2. This
result is not surprising as salaries are directly linked to contamporeneous factors such as work
experience. While early-life place-of-origin characteristics can influence long-term labor market
outcomes, their effects are typically indirect and less significant.

4.2 Evidence from Instrumental Variables

The baseline estimates may be biased due to endogeneity and omitted variable bias. To address
these concerns, we follow Jia (2014)’s instrumental approach and use the proximity to native
customs stations as an instrument for trade exposure.

Native customs stations were established in the seventeenth and eighteenth centuries for
military and tax collections purposes.17 While many customs stations were located inland,
those located along the coast or near the Yangtze River often became treaty ports or had
treaty ports nearby. Hamashita (2006) argues that Western powers considered native customs
locations when selecting treaty ports sites. Figure 3 illustrates this spatial correlation between
native customs stations and treaty ports.

The direct impact of native customs stations on employees’salaries in 1929 is likely minimal.
Individuals could not self-select their place of birth, meaning that the presence or absence of a
native customs station in one’s home prefecture was largely exogenous. Furthermore, there is
no historical or economic evidence to suggest that proximity to an administrative or military
facility significantly influenced income. At a broader level, Jia (2014) finds that native customs
stations did not predict pre-modern or contemporary economic development, reinforcing their
validity as an instrument for trade exposure.

Given the likely validity of the exclusion restriction, we estimate the following two-stage
least squares (2SLS) regression:

tradei = cons+ β1 × nativei +Xi +Zi + ei (3)
log salaryi = cons+ β2 × ̂tradei +Xi +Zi + ϵi (4)

17Native customs stations are also known as Queguan(榷关) or Changguan(常关).
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Figure 3: Locations of Native Customs Stations and Treaty Ports
Sources: Qi (2004) and Hamashita (2006).

Equation (3) represents the first-stage regression, where nativei is an indicator for the
presence of a native customs station in individual i’s home prefecture, and Xi and Zi control
for individual- and place-of-origin-specific factors. Equation (4) is the second-stage regression,
where ̂tradei represents the predicted trade exposure from the first stage.

We employ two alternative specifications for the first stage regression. In the first, the
instrumental variable nativei is a dummy variable equal to 1 if a native customs station was in
individual i’s prefecture of birth and 0 otherwise. In the second specification, the instrumental
variable nativei is defined as the log distance from the individual i’s place of origin to the
nearest customs station. Based on Hamashita (2006)’s historical analysis, we expect trade
exposure to be positively correlated with the presence of the customs station in a given province
and negatively correlated with the distance to the nearest native customs station. Summary
statistics for both instrumental variables are provided in Table 1. Table 4 presents strong
first-stage results, confirming that native customs stations are a valid instrument for trade
exposure.

Table 5 reports the IV estimates, using the location of native customs stations as an in-
strument for trade exposure. Under Measure 1 (columns (1) to (3)), the presence of a treaty
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Table 4: First-stage Regression: Trade Exposure and Native Customs Stations

Dependent variable: Trade Exposure
Instrument Dummy Cumulative
Age threshold 5 years 10 years 15 years 5 years 10 years 15 years
Prefecture Dummy 0.299*** 0.281*** 0.268*** 5.578*** 5.571*** 5.951***

(0.027) (0.0263) (0.026) (0.346) (0.356) (0.369)
N 735 735 735 728 724 675
F-Stat 121.63 114.65 107.96 259.39 257.94 259.36

log Distance -0.0799*** -0.0737*** -0.0699*** -1.625*** -1.648*** -1.660***
(0.0054) (0.0053) (0.0053) (0.0639) (0.0665) (0.0705)

N 735 735 735 728 724 675
F-Stat 222.11 192.10 175.529 647.48 614.19 554.27
Notes: This table shows the First Stage regression of our IV approach as described in Equation 3. The dependent
variable are our two measures for trade: either the dummy variable for the existence of a Treaty Port (Measure
1) or the cumulative trade variable (Measure 2). The top panel shows the results when using Prefecture
Dummy (an indicator to show whether there was a native customs station in the employee place of origin) as
an Instrument. The lower panel shows the results when using the distance to the closest native customs station
to the place of origin as an instrument. Both individual-specific and place-of-origin-specific controls areincluded
in all estimations. Individual controls include quadratic age, quadratic tenure, experience with the railroad,
and the number of prior jobs. Place (of origin) controls include longitude, latitude, log distance to the Great
Canal, Taiping Rebellion, and population density in 1851. Robust standard errors in brackets. Kleibergen-Paap
rk Wald F statistic shown. The first-stage F-statistics of both forms of instrument for all measures of trade
exposure are greater than 10. * p<0.05, ** p<0.01, *** p<0.001

port increases worker’s salary in 1929 by around 94-109%, controlling for individual- and place-
of-origin-specific factors. Under Measure 2 (columns (4) to (6)), an additional percentage
point in the index of trade exposure increases yearly salary by 0.028 to 0.036%, controlling for
individual- and place-of-origin-specific factors. For both measures, the IV estimates indicate a
stronger positive effect of trade exposure on salary, compared to the baseline estimates that
control for the individual- and place-of-origin-specific factors in columns (3), (6), (9), (12), (15),
(18) of Table 3.

Finally, we conduct an additional robustness check in Table 6, where we include province-
level fixed effects. In this specification, identification relies on within-province temporal varia-
tion in trade exposure. As expected, the standard errors increase relative to the corresponding
estimates in Table 5, reflecting the small sample size: 732 observations across 18 provinces.
Nonetheless, the results remain qualitatively unchanged: greater trade exposure continues to
be associated with higher wages. Although the coefficients are somewhat larger in magnitude,
their statistical significance declines slightly due to the loss of cross-provincial variation.

These results provide robust evidence that higher early-life trade exposure led to higher
salary or wage premiums. Given the validity of the instrument, we interpret the second-stage
coefficient β2 as capturing the causal effect of additional trade exposure on salary.
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Table 5: Trade Exposure and Salary: IV Results

Dependent variable: log(salary)
Measure Dummy Cumulative

(1) (2) (3) (4) (5) (6)
Age threshold 5 years 10 year 15 years 5 years 10 years 15 years
Instrument: Binary 0.664*** 0.705*** 0.739*** 0.036*** 0.035*** 0.029***

(0.160) (0.169) (0.176) (0.008) (0.008) (0.008)
N 735 735 735 728 724 675
Instrument: log Distance 0.597*** 0.647*** 0.683*** 0.030*** 0.029*** 0.028***

(0.134) (0.146) (0.154) (0.007) (0.006) (0.007)
N 735 735 735 728 724 675
Notes: This table shows the Second Stage regression of our IV approach as described in Equation 4. The
dependent variable is the log of salary. The first three columns show the results when using an indicator
variable for the existence of a Treaty Port (Measure 1) in the place of origin of an employee. Columns 4-6 show
the results when using the cumulative trade variable (Measure 2). The top panel shows the results when using
Prefecture Dummy (an indicator to show whether there was a native customs station in the employee place
of origin) as an Instrument. The lower panel shows the results when using the distance to the closest native
customs station to the place of origin as an instrument. Years in the columns 1-6 indicate the childhood years
taken into account to calculate our trade measures. Robust standard errors in brackets. Both individual-specific
and place-of-origin-specific controls are included in all estimations. Individual controls include quadratic age,
quadratic tenure, experience with the railroad, and the number of prior jobs. Place (of origin) controls include
longitude, latitude, log distance to the Great Canal, Taiping Rebellion, and population density in 1851. *
p<0.05, ** p<0.01, *** p<0.001

5 Trade Exposure and Educational Choice
In the previous section, we find that higher trade exposure in one’s early life predicts wage
premiums. A natural follow-up question is what mechanism explains this positive relationship
between early life trade exposure and wage premium. Based on Yuchtman (2017)’s key finding
that the content of education can play an important role in determining labour market outcome
and some adjacent works regarding ‘useful knowledge’ for modern economic development (e.g.
Bai & Kung, 2015), we hypothesize that one’s higher salary due to higher early life trade
exposure is associated with studying in the modern education system. We then test whether
one’s educational choice is associated with trade exposure.

Because the number of observations in each non-modern educational category is small (Table
1), to avoid the loss of statistical power, we instead perform a binary choice analysis that
exclusively focuses on modern education. Our baseline hypothesis is that greater trade exposure
would lead to a greater likelihood of studying in the modern education system.

5.1 Baseline Results

We choose the following logistic regression as our baseline specification:

Pr[moderni = 1|x] = Ω (cons+ γ × tradei + controls) (5)
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Table 6: Trade Exposure and Salary: Province Fixed Effects

Dependent variable: log(salary)
Measure Dummy Cumulative

(1) (2) (3) (4) (5) (6)
Age threshold 5 years 10 year 15 years 5 years 10 years 15 years
Instrument: Binary 0.942* 0.912* 0.919* 0.0411* 0.0372* 0.023

(0.415) (0.393) (0.393) (0.0162) (0.0152) (0.0138)
N 735 735 735 728 724 675
Province FE Yes Yes Yes Yes Yes Yes
Instrument: log Distance 0.815** 0.835** 0.856** 0.0317** 0.0289** 0.0254*

(0.303) (0.310) (0.319) (0.0108) (0.0104) (0.0102)
N 735 735 735 728 724 675
Province FE Yes Yes Yes Yes Yes Yes
Notes: This table shows the Second Stage regression of our IV approach as described in Equation 4. The
dependent variable is the log of salary. The first three columns show the results when using an indicator
variable for the existence of a Treaty Port (Measure 1) in the place of origin of an employee. Columns 4-6 show
the results when using the cumulative trade variable (Measure 2). The top panel shows the results when using
Prefecture Dummy (an indicator to show whether there was a native customs station in the employee place
of origin) as an Instrument. The lower panel shows the results when using the distance to the closest native
customs station to the place of origin as an instrument. All regressions include province Fixed Effects. Years
in the columns 1-6 indicate the childhood years taken into account to calculate our trade measures. Robust
standard errors in brackets. Individual-specific controls are used in all estimations and include quadratic
age, quadratic tenure, experience with the railroad, and the number of prior jobs. * p<0.05, ** p<0.01, ***
p<0.001

where tradei is the measure of trade exposure as defined in Section 3.2; controls is the set of
covariates capturing individual- and place-of-origin-specific factors before one’s age of 15. Ω (·)
is the logistic cumulative distribution function.

Table 7 presents the baseline results. Without controls, in measure 1, the presence of treaty
ports within 200 km in one’s years of interest increased the probability of studying in the
modern education system by 68 to 72% (columns (1), (4), (7)); in measure 2, an additional
percentage point of cumulative trade exposure index increased the probability of studying in the
modern education system by roughly 0.042 to 0.047% (columns (10),(13),(16)). After including
place-of-origin controls, the magnitude of all estimates decreases sharply and the positive effect
becomes less statistically significant (columns (2), (5), (8), (11), (14), (17)).

Based on historical observations, individuals born in the later years of the imperial Qing
were more likely to study in the modern education system. In columns (3), (6), (9), (12), and
(18), along with the controls included in columns (2), (5), (8), (11), (14), and (17), we add the
year of birth is further as the control variable. The positive effect of trade exposure on studying
in the modern education system remains significant in measure 1, but it becomes insignificant
in measure 2. The coefficient on the year of birth is positive and strongly significant on the
probability of studying in the modern education system in all variations of specifications. On
average, being born one year later increased the likelihood of studying in the modern education
system by roughly 8%.
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We find that the magnitude and variation of the early life trade exposure, proxied by the
annual trade revenues of the relevant treaty ports and discounted by the distance, were irrelevant
to one’s selection into the modern educational system. On the other hand, the presence of a
treaty port seems to affect one’s selection into the modern educational system. There are, of
course, endogeneity concerns that may confound the real relationship between trade exposure
and the likelihood of studying in the modern education system; we discuss the endogeneity
concerns in the next section.

5.2 2SLS Analysis

We continue to use the location of native customs stations as an instrumental variable for trade
exposure to address endogeneity concerns. In Section 4.2, we have shown that the existence of
native customs stations is strongly correlated with trade exposure and the exclusion restriction
is unlikely to be violated for the analysis of salary. The exclusion restriction is likely valid in
this case because native customs stations, established for military and administrative purposes,
were unlikely to have directly influenced individuals’ educational decisions; no historical or
economic evidence suggests that a military or administrative facility has a direct impact on
education decisions. We rely on the following 2SLS specifications:

tradei = cons+ ζ1 × nativei + controls+ νi (6)
Pr[moderni = 1|x] = cons+ ζ2 × ̂tradei + controls+ υi (7)

where ζ2 is the coefficient of interest that captures the instrumented effect of trade exposure
on selecting modern education. The instrumental variable nativei is defined in two ways as in
Section 4.2.

We provide the baseline results of the 2SLS analysis in Figure 4, which indicates that there
is no significant relationship between early life trade exposure and the likelihood of studying in
the modern education system.

We further show in Table 8 that this result is robust to the definition of trade exposure and
the choice of instrumental variable. In columns (1) to (6), one can observe a weakly positive
effect of trade exposure when the instrument is defined as a dummy variable. However, in
columns (7) to (12) when the instrument is defined as the log of the distance between one’s
place of origin and its closest native customs station, the coefficients become weakly negative
and close to 0. These results suggest that early life trade exposure does not predict the likelihood
of studying in the modern education system.

The 2SLS estimates provide no evidence that early-life trade exposure directly affected the
probability of receiving modern education. Appendix Table 14 confirms the robustness of this
result under a more demanding specification with province-level fixed effects.

Moreover, we do not find a large difference between baseline and instrumental estimation
results. This similarity between the results suggests that trade exposure has an indirect ef-
fect on the likelihood of studying in the modern education system. The reason is that one’s
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Figure 4: Trade Exposure, Salary, and Education

educational choice was more dependent on the type of school available in the neighbourhood
of the place of origin. The availability of modern education was strongly correlated with the
presence of treaty ports. As described in Section 2.2, before the 1900s, the provision of modern
education was limited, mainly available in treaty ports. Modern education was therefore more
accessible to individuals living relatively closer to the treaty ports but much less accessible
to individuals living away from treaty ports. Without the instrumental variable, the effect
of modern education provision confounds with the true effect of trade exposure; hence in the
baseline estimations, there is a positive and significant effect of trade exposure on the likelihood
of studying in the modern education system. With the ‘filtering’ of the instrumental variable,
however, the confounding effect of the modern education provision is excluded and the true
direct effect of the trade exposure is revealed.
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Table 8: IV Results: Trade Exposure and Modern Education

Dependent variable: Modern Education
Measure Dummy Cumulative

(1) (2) (3) (4) (5) (6)
Age threshold 5 years 10 years 15 years 5 years 10 years 15 years
Instrument: Binary 0.0861 0.0901 0.0941 0.00471 0.00472 0.00676

(0.128) (0.134) (0.140) (0.007) (0.007) (0.007)
Birthyear 0.017*** 0.017*** 0.017*** 0.017*** 0.017*** 0.018***

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
Controls Yes Yes Yes Yes Yes Yes
N 732 732 732 730 725 675

(7) (8) (9) (10) (11) (12)
Instrument: log Distance -0.0344 -0.0362 -0.0378 -0.00170 -0.00160 -0.000274

(0.122) (0.129) (0.134) (0.006) (0.006) (0.006)
Birthyear 0.017*** 0.017*** 0.017*** 0.017*** 0.017*** 0.018***

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
Controls Yes Yes Yes Yes Yes Yes
N 732 732 732 730 725 675
Notes: This table shows the Second Stage regression of our IV approach as described in Equation 7. The
dependent variable is Modern Education. The first three columns show the results when using an indicator
variable for the existence of a Treaty Port (Measure 1) in the place of origin of an employee. Columns 4-6
show the results when using the cumulative trade variable (Measure 2). The top panel shows the results when
using Prefecture Dummy (an indicator to show whether there was a native customs station in the employee
place of origin) as an Instrument. The lower panel shows the results when using the distance to the closest
native customs station to the place of origin as an instrument. Years in the columns 1-6 indicate the childhood
years taken into account to calculate our trade measures. Robust standard errors in brackets. Province controls
include longitude, latitude, log distance to the Great Canal, Taiping Rebellion, and population density in 1851.
* p<0.05, ** p<0.01, *** p<0.001

Table 9: Trade Exposure and Modern Education: Province Fixed Effects

Dependent variable: Modern Education
Measure Dummy Cumulative

(1) (2) (3) (4) (5) (6)
Age threshold 5 years 10 years 15 years 5 years 10 years 15 years
Instrument: Binary 0.0995 0.0881 0.0941 0.0025 0.0015 0.0052

(0.678) (0.609) (0.600) (0.0179) (0.0175) (0.0156)
Birthyear 0.0172*** 0.0173*** 0.0174*** 0.0173*** 0.0177*** 0.0184***

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
Controls Yes Yes Yes Yes Yes Yes
N 732 732 732 730 725 675

(7) (8) (9) (10) (11) (12)
Instrument: log Distance -0.311 -0.318 -0.323 -0.0088 -0.0088 -0.0077

(0.381) (0.389) (0.395) (0.0105) (0.0103) (0.0103)
Birthyear 0.0178*** 0.0175*** 0.0172*** 0.0177*** 0.0180*** 0.0187***

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
Controls Yes Yes Yes Yes Yes Yes
Province FE Yes Yes Yes Yes Yes Yes
N 732 732 732 730 725 675
Notes: This table shows the Second Stage regression of our IV approach as described in Equation 7. All
regressions include province Fixed Effects. The dependent variable is Modern Education. The first three
columns show the results when using an indicator variable for the existence of a Treaty Port (Measure 1) in the
place of origin of an employee. Columns 4-6 show the results when using the cumulative trade variable (Measure
2). The top panel shows the results when using Prefecture Dummy (an indicator to show whether there was
a native customs station in the employee place of origin) as an Instrument. The lower panel shows the results
when using the distance to the closest native customs station to the place of origin as an instrument. Years
in the columns 1-6 indicate the childhood years taken into account to calculate our trade measures. Robust
standard errors in brackets. * p<0.05, ** p<0.01, *** p<0.001
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6 Trade Exposure and Career Path
In section 4 we establish that early-life trade exposure influences workers’ wages, while section
5 suggests that educational choices are unlikely to be a major driver of this relationship. In
this section, we discuss an alternative mechanism through which trade exposure can affect em-
ployment outcomes, specifically by shaping workers’ career trajectories. Building on extensive
literature in Labor Economics—see, for example, (Neal, 1995)—we assume that human capital
accumulated in certain industries is imperfectly transferrable across industries and occupations.

First, we present evidence that trade exposure significantly influences workers’ career choices,
with particularly strong effects on the decision between military and non-military careers. We
then demonstrate that workers’ prior career backgrounds play a crucial role in determining their
occupational placement within Jinpu Railroad and wages of these workers within and between
occupational categories.

6.1 Career Choice

The Jinpu Railroad Personnel Record dataset provides information on workers’ prior employ-
ment in the following industries: railroad, industrial production, government, teaching, mili-
tary, and banking sectors. A notable feature of these data is that workers may have multiple
prior jobs or no recorded prior experience . To ensure data reliability, we exclude workers
without prior experience records, as missing information could reflect either a genuine absence
of work experience or incomplete documentation.

We begin by analyzing the determinants of prior career choices for the railway workers.
Specifically, we employ a 2SLS specification mirroring specification (6) and (7) from section 5:

tradei = cons+ ζ1 × nativei + controls+ νi (8)
Pr[prior_expik = 1|x] = cons+ ζ2 × ̂tradei + controls+ υi (9)

where k denotes the industry of prior employment. The dependent variable prior_expik
equals to 1 if the worker has ever been employed in industry k. Given that workers may have
had multiple jobs in the past, we interpret the results as the probability of joining industry k

at any point before entering the railroad sector. We interpret our results as career choice prob-
abilities, conditional on employment at the Jinpu Railroad; thus, our results are not subject to
selection bias but lack external validity and cannot be generalized to workers in other indus-
tries. Nonetheless, these results provide valuable insights into job and wage sorting mechanisms
within the railway industry.

As in the previous section, we use two definitions of trade exposure, binary and cumulative,
and two IV specifications: one using a binary IV and another using a log distance to the closest
customs station. We also consider three alternative age cutoffs for trade exposure (5, 10, and
15 years old), and conduct separate analyses for each of the six prior industries. Our baseline
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specification uses continuous trade exposure, a continuous IV, and the first 15 years of life as
the exposure window; results are reported in Table 10. Alternative specifications, detailed in
Appendix Tables 15, 16, 17, 18, and 19, confirm the robustness of our findings across different
trade exposure measures, IV choices, and age thresholds.

Table 10: Trade Exposure and Career Trajectory: 15 Years Old Threshold and Trade Exposure
Measure 2

Instrument
Binary

(1) (2) (3) (4) (5) (6)
Prior experience Railroad Industry Government Military Teacher Banking
Trade exposure 0.00260 0.00956 -0.00839 -0.0159** -0.0101 0.00305
(Cumulative 15 years old) (0.0070) (0.0064) (0.0072) (0.0060) (0.0052) (0.0024)
Controls Yes Yes Yes Yes Yes Yes
N 675 675 675 675 675 675

Instrument
Log distance

(7) (8) (9) (10) (11) (12)
Prior experience Railroad Industry Government Military Teacher Banking
Trade exposure 0.00915 0.00791 -0.00568 -0.0177*** -0.00627 0.00143
(Cumulative 15 years old) (0.0059) (0.0057) (0.0062) (0.0050) (0.0042) (0.0017)
Controls Yes Yes Yes Yes Yes Yes
N 675 675 675 675 675 675

Notes: This table shows the Second Stage regression of our IV approach as described in Equation 9 to show
the relation between career choice and trade exposure. The dependent variable is a type of professional
experience prior to enrolling in the Railroad company: Railroad, Industry, Government, Military, Teacher and
Banking. The table shows the results when using the cumulative trade variable (Measure 2) for the 15 years
of childhood of the employee. The top panel shows the results when using Prefecture Dummy (an indicator to
show whether there was a native customs station in the employee place of origin) as an Instrument. The lower
panel shows the results when using the distance to the closest native customs station to the place of origin as
an instrument. Robust standard errors in brackets. Controls include longitude, latitude, log distance to the
Great Canal, Taiping Rebellion, and population density in 1851. * p<0.05, ** p<0.01, *** p<0.001

A key finding, consistent across all specifications, is that early-life trade exposure reduces
the likelihood of choosing a military career. This result is unsurprising, as the military career
often serves as a social mobility pathway for individuals from less privileged background and
poorer regions.18 Interestingly, we find no significant effect on other career paths, which could
be due to the small sample size and limited statistical power. Importantly, our estimates reflect
the relative probability of selecting a given career path, meaning that trade exposure reduces the
likelihood of military employment while increasing the likelihood of non-military employment,
with no strong differentiation among non-military occupations.

6.2 Career Trajectory, Wages, and Occupations

We examine how workers’career trajectories shape wages and occupational placement on the
Jinpu Railroad. Motivated by the previous subsection, we focus on contrasts between workers
with and without military experience.

18While location of customs stations is unlikely to be linked with economic activity, they did serve military
functions and therefore could have influenced military employment. If this were the case, proximity to customs
stations would be positively related to military employment. Since our estimated coefficients are negative, it
suggests that our estimates are biased toward zero, providing a lower bound on the effect of trade exposure on
military employment.
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Figure 5: Trade Exposure, Salary, and Military Background

The Personnel Records categorize workers into seven railroad occupations: police, machin-
ery, road, clerical, train operations, hospital staff, and managerial. Table 20 reports employment
shares and mean salaries across these roles. These are occupations within the railroad rather
than distinct industries. Our analysis therefore asks how prior sectoral experience, recorded
outside the railroad, predicts sorting into these railroad occupations.

Two facts emerge. First, prior military experience matters for both wages and occupational
sorting. Second, as suggested by Table 20 and Figure 5, unconditional wage differences by
military background are small; the main action operates through differences in occupational
composition.

Aggregate comparisons can be misleading because “non-military”masks substantial het-
erogeneity. Table 12 therefore breaks out occupational sorting by prior sector.19

To study wage determinants more directly, we estimate separate OLS regressions of log
annual salary on categories of prior experience and on current occupational categories. Figures
6a and 6b plot fitted mean salaries (in levels) with 90% heteroskedasticity robust confidence
intervals. The first result is that teaching, industry, and government experience are associated
with higher pay, whereas no prior experience and prior railway experience correspond to the
lowest salaries. Across occupations, managerial and clerical positions are the best paid, while

19Table 12 includes workers with multiple prior experiences. Results restricting to workers with a single prior
occupation appear in Appendix Table 21.
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Table 11: Salaries and Occupations: Military and Non-Military Backgrounds

No military prior experience Military prior experience
Occupation Categories Number Avg. Salary St. Dev Number Avg. Salary St. Dev
Police 124 533.0 270.5 93 783.0 596.0
Machine 255 1010.0 736.5 12 755 265.2
Road 86 1101.2 856.7 6 1240 918.3
Clerical 114 1121.1 723.6 42 1144.3 618.1
Train 26 969.23 722.1 4 690 221.8
Hospital 5 1812 1183.7 0 - -
Managerial 35 1349.1 1313.0 4 1623 1317.3
Total 645 973.1 770.5 161 910.7 640.6
Notes: This table shows descriptive statistics of the salaries of the JinPu Railroad company by occupation
categories within the company (Police, Machine, Road, Clerical, Train, Hospital, Managerial). The first 3
columns show the average salaries for workers without military experience prior joining the JinPu Railroad
company. The last 3 columns show the average salary for those employees with prior military experience.
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police is the lowest paid category by a large margin. (We exclude hospital staff from comparisons
due to a sample of five workers.)

We next analyze occupational sorting by military background and by police versus non-
police roles. Because workers can report multiple prior experiences, we proceed along two
complementary dimensions. In Figure 7a, we compare workers with any military experience
to those with any civilian experience. This comparison isolates the value added of each back-
ground. We find that police is the lowest-paid occupation overall, yet within police, workers
with military backgrounds earn substantially more than civilian police. Military backgrounds
are also associated with a much higher probability of sorting into police (57%) than for civilians
(20%). For non-police jobs, average wages do not differ statistically by military background.

Figure 7b refines this comparison by separating workers with only military experience, only
civilian experience, and both. Patterns are similar to Figure 7a. A notable difference is that
having both military and civilian backgrounds is associated with higher wages in non-police
occupations relative to military-only experience, but it does not raise wages within police
relative to military-only. This suggests complementarities between military and civilian human
capital for non-police tasks, whereas police roles primarily reward military experience.

Finally, workers with military backgrounds are disproportionately concentrated in police
and clerical posts. The concentration in police (the lowest-paid occupation) depresses their
average earnings, and within most occupations they earn less than non-military peers—except in
police, where military experience is directly rewarded. Looking across other backgrounds, prior
banking experience appears most valuable for clerical tasks, while teaching, government, and
industrial experience translate into broader occupational opportunities with above-average pay.
Managers with industrial experience receive the highest salaries, consistent with particularly
relevant managerial skills for the railroad context.

7 Conclusion
Using the Jinpu Railroad personnel records dataset from Yuchtman (2017) and the CMCS
trade revenue data, we examine the effects of early-life trade exposure on the wage premium
of Chinese railroad workers. We document that early-life trade exposure had a strong positive
effect on wage premium, a result that remains robust to different definitions of trade exposure
and to the choice of age threshold. This result remains robust after including controls for indi-
vidual and place-of-origin characteristics too. To address the endogeneity concerns, we follow
Jia (2014)’s instrumental approach and exploit the existence of native customs stations as an
instrumental variable for trade exposure. The positive effect of trade exposure on wage pre-
miums remains robust in instrumental estimations, providing individual, micro-level evidence
that trade exposure is an important driver of wage premium variation within the cohort of
Jinpu Railroad employees.

We also study mechnanisms behind the effect of trade exposure on wage premiums. We
examine whether one’s likelihood of studying within the modern education system was positively
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Figure 6: Prior Experience, Occupational Categories, and Salaries

Notes: Panel (a) plots fitted mean annual salaries by prior experience category; Panel (b) plots fitted mean annual salaries by
occupational category. In each panel, bars show predicted group means from separate OLS regressions that include only the relevant
set of category indicators; vertical whiskers are 90% confidence intervals constructed from heteroskedasticity-robust standard errors.
Sample sizes for each category are shown in parentheses beneath the x-axis labels. The outcome is salary in levels obtained as
exp(ŷ) from the log model.
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related to trade exposure. While the baseline results suggest a positive effect of trade exposure
and the likelihood of studying in the modern education system, the IV results indicate that there
is no direct impact between trade exposure and the likelihood of studying in modern education.
Since the majority of modern schools before 1900 were Christian schools only available in the
treaty ports, we conclude that trade exposure had no direct effect on the likelihood of studying
in the modern education system.

We then explore an alternative channel of effect of trade on wage premium an occupa-
tion. We show that higher trade exposure has a significant effect on workers’ career trajectory,
specifically on the choice between civil and military service. Workers from trade-exposed re-
gions were significantly more likely to pursue civil careers rather than military service. Those
with military backgrounds tended to enter lower-paying jobs at the railroad and earned less or
as much for similar occupations, except in police roles, where they earned a substantial wage
premium.

These results contribute to broader discussions on the historical impact of trade, human
capital formation, and economic development. They highlight the importance of localized
trade policies and the persistent effects of historical trade institutions on economic inequality
and workforce composition. Future research could explore additional mechanisms, such as firm-
level responses to trade and the role of social mobility, to further our understanding of trade’s
long-run consequences on labor markets.
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8 Appendix

Appendix A: Sample Page of the Jinpu Railroad Personnel Record

Figure 8: A page from the JinPu employee records (Yuchtman, 2017)
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Appendix B: Notes on the Place of Origin Data

The longitudes and latitudes of the towns of individuals in the sample are computed by match-
ing the counties/towns of 1911 administrative divisions in CHGIS. Since the Jinpu Railroad
employee record was compiled in 1929, the names of the place of origin on Yuchtman (2017)’s
dataset are according to the names of counties and towns in administrative divisions of the
Republican period. I did web searches for any place name on the dataset that I could not
directly match in the 1911 administrative divisions in CHGIS and checked its name before the
Republic of China.

The place of origin information also suffers from typos and mistakes in transcribing and digi-
tising the raw archive. These typos and mistakes may be due to data collectors’ unfamiliarity
with traditional or less commonly seen Chinese characters in the place names and mispronounc-
ing Chinese Pinyin. I attempted to correct most of the typos and mistakes by cross-checking
lists of counties/towns of each province in administrative divisions of the Republican period
and speculating on what potential mistakes the data collectors made. Table 13 documents the
corrections made during the data cleaning process.

Table 13: Correction Note of the Place of Origin Data

Employee
Num.

Place of Origin
(in the dataset)

Correction note

20 HebeiWanqing Most likely to be Wanping
36 HubeiYingshang Should be Yingshan

42 HebeiChangxian Most likely to be CangXian
(Cang Zhou in pre-1911 division)

43 HenanLuoshang Should be Luoshan
49 ZhejiangNinbe Should be Ningbo
62 HebeiSulu Unable to identify and correct
65 Guangdong Unable to identify and correct
86 ShandongLichen Should be Licheng
88 Hunan Unable to identify and correct
95 GuangdongZhongshang Should be Zhongshan
97 GuangdongZhongshang Should be Zhongshan
108 ZhejiangChonghui Unable to identify and correct

121 HebeiChangxian Most likely to be CangXian
(Cang Zhou in pre-1911 division)

141 GuangdongZhongshang Should be Zhongshan
143 Guangdong?? Unable to identify and correct
152 ShandongLichen Licheng
179 GuangdongZhongshang Should be Zhongshan
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Table 13 continued from previous page

Employee
Num.

Place of Origin
(in the dataset)

Correction note

203 Zhejiang Unable to identify and correct
213 ShandongQuxian Most likely Ju Xian
218 JiangsuWujing Should be Wujin
229 Sichuan Unable to identify and correct
237 HenanRongyang Should be Xingyang
252 ShandongMengyen Should be Mengyin
260 JiangsuShuxian Most likely Xiao Xian
264 ZhejiangShaoxian Unable to identify and correct
278 JiangxiFencheng Fengcheng
293 HebeiBaoying Should be Baoding
302 Guizhou Unable to identify and correct
310 Hunan Unable to identify and correct
312 ShandongJinin Jining

316 HebeiChangxian Most likely to be CangXian
(Cang Zhou in pre-1911 division)

317 HunanXiang? Unable to identify and correct
327 ShandongJinin Jining
343 HebeiXongxian Xiongxian
355 HebeiFengrong Most likely Fengrun
362 ShandongJinin Jining
364 Hunanchang? Unable to identify and correct
393 Hebei?? Unable to identify and correct
404 HebeiDongjiang Most likely Dongguang
423 Anhui?? Unable to identify and correct
430 BeipingBaochi Use Beiping Instead

431 HebeiChangxian Most likely to be CangXian
(Cang Zhou in pre-1911 division)

477 Jiangsu Unable to identify and correct
479 ZhejiangWuxi Unable to identify and correct
495 HebeiNinhe Should be Ninghe
499 HenanQingyang Qinyang
500 JiangsuShanghao Should be Shanghai
533 GuangxiChangwu Should be Cangwu
539 ShandongRenping Should be Chinping “茌平”, not “任平”
548 Fujian Unable to identify and correct
559 ShandongLiaoxian Most likely Liaocheng
562 HebeiShenzhe Shenze
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Table 13 continued from previous page

Employee
Num.

Place of Origin
(in the dataset)

Correction note

586 HebeiChangxian Most likely to be CangXian
(Cang Zhou in pre-1911 division)

608 JiangxiLIngchuan Should be Linchuan
642 Hubei Unable to identify and correct
652 ShandongLiaoxian Most likely Liaocheng

684 HebeiChangxian Most likely to be CangXian
(Cang Zhou in pre-1911 division)

714 ZhejiangJiahe Unable to identify and correct
720 JiangsuWuyi Likely to be Wuxi
736 HubbeiPuqin Should be Puqi
819 ZhejiangChaoxing Should be Shaoxing
820 ShandongQiyang Might be Jiyang
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Appendix C: Sample Page of the CMC Trade Data
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Appendix D: Robustness Checks

Table 14: Trade Exposure and Modern Education: Province Fixed Effects

Dependent variable: Modern Education
Measure Dummy Cumulative

(1) (2) (3) (4) (5) (6)
Age threshold 5 years 10 years 15 years 5 years 10 years 15 years
Instrument: Binary 0.0995 0.0881 0.0941 0.0025 0.0015 0.0052

(0.678) (0.609) (0.600) (0.0179) (0.0175) (0.0156)
Birthyear 0.0172*** 0.0173*** 0.0174*** 0.0173*** 0.0177*** 0.0184***

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
Controls Yes Yes Yes Yes Yes Yes
N 732 732 732 730 725 675

(7) (8) (9) (10) (11) (12)
Instrument: log Distance -0.311 -0.318 -0.323 -0.0088 -0.0088 -0.0077

(0.381) (0.389) (0.395) (0.0105) (0.0103) (0.0103)
Birthyear 0.0178*** 0.0175*** 0.0172*** 0.0177*** 0.0180*** 0.0187***

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
Controls Yes Yes Yes Yes Yes Yes
Province FE Yes Yes Yes Yes Yes Yes
N 732 732 732 730 725 675
Notes: This table shows the Second Stage regression of our IV approach as described in Equation 7. All
regressions include province Fixed Effects. The dependent variable is Modern Education. The first three
columns show the results when using an indicator variable for the existence of a Treaty Port (Measure 1) in the
place of origin of an employee. Columns 4-6 show the results when using the cumulative trade variable (Measure
2). The top panel shows the results when using Prefecture Dummy (an indicator to show whether there was
a native customs station in the employee place of origin) as an Instrument. The lower panel shows the results
when using the distance to the closest native customs station to the place of origin as an instrument. Years
in the columns 1-6 indicate the childhood years taken into account to calculate our trade measures. Robust
standard errors in brackets. * p<0.05, ** p<0.01, *** p<0.001

Table 15: Trade Exposure and Career Trajectory: 5 Years Old Threshold and Trade Exposure
Measure 2

Instrument:
Prefecture Dummy

(1) (2) (3) (4) (5) (6)
Prior experience: Railroad Industry Government Military Teacher Banking
Trade exposure 0.00198 0.0109 -0.00708 -0.0139* -0.0124* 0.00354
(Cumulative 5 years old) (0.26) (1.61) (-0.93) (-2.23) (-2.24) (1.44)
Controls Yes Yes Yes Yes Yes Yes
N 730 730 730 730 730 730

Instrument:
Log distance

(7) (8) (9) (10) (11) (12)
Prior experience: Railroad Industry Government Military Teacher Banking
Trade exposure 0.00838 0.0106 -0.00428 -0.0175*** -0.00644 0.00166
(Cumulative 5 years old) (1.36) (1.82) (-0.67) (-3.49) (-1.52) (0.95)
Controls Yes Yes Yes Yes Yes Yes
N 730 730 730 730 730 730

Notes: Robust standard errors in brackets. Controls include longitude, latitude, log distance to the Great
Canal, Taiping Rebellion, and population density in 1851. * p<0.05, ** p<0.01, *** p<0.001
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Table 16: Trade Exposure and Career Trajectory: 10 Years Old Threshold and Trade Exposure
Measure 2

Instrument:
Prefecture Dummy

(1) (2) (3) (4) (5) (6)
Prior experience: Railroad Industry Government Military Teacher Banking
Trade exposure 0.00154 0.0104 -0.00756 -0.0143* -0.0108* 0.00343
(Cumulative 10 years old) (0.21) (1.59) (-1.03) (-2.36) (-2.04) (1.44)
Controls Yes Yes Yes Yes Yes Yes
N 725 725 725 725 725 725

Instrument:
Log distance

(7) (8) (9) (10) (11) (12)
Prior experience: Railroad Industry Government Military Teacher Banking
Trade exposure 0.00804 0.0101 -0.00482 -0.0178*** -0.00540 0.00161
(Cumulative 10 years old) (1.34) (1.79) (-0.78) (-3.65) (-1.32) (0.95)
Controls Yes Yes Yes Yes Yes Yes
N 725 725 725 725 725 725

Notes: Robust standard errors in brackets. Controls include longitude, latitude, log distance to the Great
Canal, Taiping Rebellion, and population density in 1851. * p<0.05, ** p<0.01, *** p<0.001

Table 17: Trade Exposure and Career Trajectory: 5 Years Old Threshold and Trade Exposure
Measure 1

Instrument:
Prefecture Dummy

(1) (2) (3) (4) (5) (6)
Railroad Industry Government Military Teacher Banking

Trade exposure 0.0176 0.181 -0.145 -0.260* -0.233* 0.0645
(Dummy 5 years old) (0.13) (1.45) (-1.03) (-2.24) (-2.25) (1.41)
Controls Yes Yes Yes Yes Yes Yes
N 740 740 740 740 740 740

(7) (8) (9) (10) (11) (12)

Instrument:
Log distance

Railroad Industry Government Military Teacher Banking
Trade exposure 0.180 0.225 -0.0960 -0.373*** -0.137 0.0339
(Dummy 5 years old) (1.40) (1.86) (-0.72) (-3.49) (-1.54) (0.94)
Controls Yes Yes Yes Yes Yes Yes
N 740 740 740 740 740 740

Notes: Robust standard errors in brackets. Controls include longitude, latitude, log distance to the Great
Canal, Taiping Rebellion, and population density in 1851. * p<0.05, ** p<0.01, *** p<0.001

Table 18: Trade Exposure and Career Trajectory: 10 Years Old Threshold and Trade Exposure
Measure 1

Instrument:
Prefecture Dummy

(1) (2) (3) (4) (5) (6)
Railroad Industry Government Military Teacher Banking

Trade exposure 0.0184 0.189 -0.152 -0.272* -0.243* 0.0673
(Dummy 10 years old) (0.13) (1.45) (-1.03) (-2.22) (-2.25) (1.42)
Controls Yes Yes Yes Yes Yes Yes
N 740 740 740 740 740 740

Instrument:
Log distance

(7) (8) (9) (10) (11) (12)
Railroad Industry Government Military Teacher Banking

Trade exposure 0.189 0.236 -0.101 -0.391*** -0.143 0.0356
(Dummy 10 years old) (1.40) (1.86) (-0.72) (-3.47) (-1.54) (0.94)
Controls Yes Yes Yes Yes Yes Yes
N 740 740 740 740 740 740

Notes: Robust standard errors in brackets. Controls include longitude, latitude, log distance to the Great
Canal, Taiping Rebellion, and population density in 1851. * p<0.05, ** p<0.01, *** p<0.001
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Table 19: Trade Exposure and Career Trajectory: 15 Years Old Threshold and Trade Exposure
Measure 1

Instrument:
Prefecture Dummy

(1) (2) (3) (4) (5) (6)
Railroad Industry Government Military Teacher Banking

Trade exposure 0.196 0.245 -0.105 -0.406*** -0.149 0.0370
(Dummy 15 years old) (1.40) (1.86) (-0.72) (-3.44) (-1.54) (0.94)
Controls Yes Yes Yes Yes Yes Yes
N 740 740 740 740 740 740

Instrument:
Log distance

(7) (8) (9) (10) (11) (12)
Railroad Industry Government Military Teacher Banking

Trade exposure 0.0191 0.197 -0.158 -0.283* -0.253* 0.0701
(Dummy 15 years old) (0.13) (1.45) (-1.03) (-2.20) (-2.24) (1.42)
Controls Yes Yes Yes Yes Yes Yes
N 740 740 740 740 740 740

Notes: Robust standard errors in brackets. Controls include longitude, latitude, log distance to the Great
Canal, Taiping Rebellion, and population density in 1851. * p<0.05, ** p<0.01, *** p<0.001

Table 20: Salaries and Occupations: Military and Non-Military Backgrounds

No military prior experience Military prior experience
Occupation Categories Number Avg. Salary St. Dev Number Avg. Salary St. Dev
Police 124 533.0 270.5 93 783.0 596.0
Machine 255 1010.0 736.5 12 755 265.2
Road 86 1101.2 856.7 6 1240 918.3
Clerical 114 1121.1 723.6 42 1144.3 618.1
Train 26 969.23 722.1 4 690 221.8
Hospital 5 1812 1183.7 0 - -
Managerial 35 1349.1 1313.0 4 1623 1317.3
Total 645 973.1 770.5 161 910.7 640.6
Notes: This table shows descriptive statistics of the salaries of the JinPu Railroad company by occupation
categories within the company (Police, Machine, Road, Clerical, Train, Hospital, Managerial). The first 3
columns show the average salaries for workers without military experience prior joining the JinPu Railroad
company. The last 3 columns show the average salary for those employees with prior military experience.

Table 21: Salaries and Occupations by Prior Experience (Workers with One Prior Job)

Railroad Industry Government Teaching Military Banking
Occupation Categories N Avg. Salary N Avg. Salary N Avg. Salary N Avg. Salary N Avg. Salary N Avg. Salary
Police 32 437.2 2 516 13 481.8 1 360 34 803.3 0
Machine 104 861.7 21 997.7 4 855 3 480 2 630 1 600
Road 39 785.5 0 2 810 1 2160 0 0
Clerical 21 1021.7 3 520 18 914.7 4 660 5 648 1 1200
Train 3 680 2 480 5 1332 0 1 600 0
Hospital 0 2 870 0 0 0 0
Managerial 6 1040 3 720 1 660 1 660 2 1590 0
Total 205 799.9 33 860.7 43 816.0 10 726 44 808.9 2 900
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