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Abstract

This study investigates whether the increases in connectivity across cities help reduce the
gender gap in labor market outcomes —a question for which there is limited prior evidence.
With its high level of gender disparity, South Korea provides an ideal setting to study this issue
thanks to its extensive geocoded micro-panel datasets and a massive expansion of High-Speed
Rail (HSR) beginning in 2004. Using an instrumental variable strategy that leverages historical
railroads constructed in Korea during the Japanese colonial era, I demonstrate empirically that
the gender gap in the South Korean labor market decreased with the expansion of high-speed
rail (HSR). Specifically, the gender gap in employment (wages) fell by 20% (16%) in core areas
(Seoul metropolitan) and 16% (0%) in non-core regions (outside of the Seoul metropolitan).
I employ a spatial general equilibrium model to structurally decompose HSR’s impact into
labor demand and supply channels to understand the mechanisms at play. The quantitative
decomposition shows that overall, HSR increased labor demand for female-intensive jobs and
decreased women’s labor participation costs. Finally, the empirical evidence of the structural
estimation is provided that labor demand for local service industries where women are hired more
intensively increased most with HSR. In addition, in non-core areas, women’s participation in
the labor force was encouraged by improvement in local amenities, particularly in the areas of

education and childcare, which reduced women’s childcare burdens.
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1 Introduction

The gender gap in the labor market narrows with economic development, yet the disparities re-
main salient even in developed countries like the U.S., Japan, and South Korea (Blau and Kahn
(2017)). The labor force participation costs for women are generally higher, mainly due to the more
substantial burden of childcare (Maurer-Fazio et al. (2011)) or home production (Greenwood et al.
(2005)). As a result, women tend to seek jobs with more flexible work arrangements and choose
different industries and occupations than men (Goldin and Katz (2016)).

The previous literature has shown that technological shocks can affect the gender gap in labor
market outcomes. For example, technological progress, such as electrification in household sectors,
reduces the domestic burden on women (Greenwood et al.| (2016)); |Vidart| (2020)) and helps reduce
the gender gap in the labor market by encouraging them to join the labor force. However, on
the other hand, robotization unintentionally increases the gender pay gap, as jobs that are male-
dominant disproportionately benefit from robots, which ultimately increases the gender disparities
in the labor market (Aksoy et al.|(2019))). These findings imply that any technological progresses
could potentially affect men and women differently in the labor market, as men and women face
different labor market constraints and choose other industries and occupations.

This study extends the literature by investigating whether improvements in transportation
infrastructure could have different labor market impacts on men and women—a question for which
there is limited prior evidence. Specifically, this study investigates the impact of South Korea’s
high-speed rail (HSRED on gender-specific local labor market outcomes. HSR is an inter-city transit
which is not primarily used as a commuter train in the South Korean setting: most trips are made
for visiting relatives and family, for leisure and business, or for enjoying services in other cities. As
investment in such infrastructure involves considerable government spending,ﬂ understanding its
heterogeneous impacts across different demographic groups is necessary. Despite the fast-growing

literature on the impact of HSRE there is only limited evidence of its impact on gender disparities

'HSR, a relatively recent innovation in intercity transit, has become common in both developed and developing
countries. Since the construction of the first HSR, Japan’s Shinkansen, in 1964, HSRs have been built across the
world, including in many European as well as East Asian countries. Discussion on HSR construction is ongoing in
the United States.

29 For example, for the HSR in California, which links Los Angeles-San Francisco-Las Vegas, the total construction
cost is estimated to be $7 billion. The total cost to construct HSR in South Korea, which links Seoul to Busan and
several other major cities, is $15 billion (2015).

3The literature finds that HSR enhances interaction among scientists living in different cities (Dong et al.| (2020))
and enhances the spatial agglomeration of cities (Zheng and Kahn| (2013); see |Qin| (2017) for Chinese cases; for
German examples, see |Ahlfeldt and Feddersen| (2018)). HSR also affects the location decisions of firms (Charnoz
et al.| (2018) for French firms), and the impacts are heterogeneous across industries (Lin| (2017))). Furthermore, HSR



in labor market outcomes. This study fills this gap.

HSR is likely to affect men and women differently through both the labor demand and supply
channels. On the one hand, HSR can create shocks in local gender-specific labor demand. As
a transportation mode mainly for carrying passengers, HSR reduces the cost of moving people,
but it does not necessarily reduce the cost of moving goods. Naturally, industries that rely more
on the cost of moving people than other sectors would benefit more from HSR (Lin| (2017)). If,
for example, women are disproportionately hired more in such sectors, then the increases in the
labor demand for female would occur, somewhat unintentionally, with HSR. The disproportional
increases in labor demand for women would lead to the decreases in gender gap in labor market
outcomes. On the other hand, the labor supply decisions of men and women could be affected
differently. As economic activities are redistributed with HSR, amenities are endogenously changed
(Gorback (2020)). Improvement in local amenities, such as in childcare facilities, would liberate
women from the burden of childcare and encourage them to join the labor force. Combining both
demand- and supply-side impacts, HSR could generate different labor market implications for men
and women.

The massive construction of HSR in South Korea, together with the country’s distinctive gender
inequality and a heavy geographical concentration of economic activities, makes South Korea an
ideal laboratory setting to study the research question. The gender pay gap of 34% in South Korea
is much higher than the OECD average of 13.1%. Only about 45% of the women in Korea are
employed, compared to 80% of men. Furthermore, men and women sort into different industries
especially after marriage, as women disproportionally choose to work in local service sectors, that
require less work experience and provide flexible work arrangement. Finally, economic activities are
concentrated in a few districts in the Seoul metropolitan area (i.e., Seoul, Incheon, and Gyeonggi
provinces). Korea Train eXpress (KTX) was first introduced in 2004, connecting Seoul with areas
all the way down to the South edge of the South Korean territory.

Estimating the causal relationship between improvement in HSR and local economic outcomes,
such as in employment, population, and gender gap in labor market outcomes, is complicated
further by endogeneity concerns. For example, districts that expect to gain the most from HSR
are more likely to be favored by the South Korean government or to lobby for HSR development

more aggressively, thereby leading to the non-random placement of HSR, stations. To address this

expansion can affect workers’ decisions on where to live and where to work. For example, in Germany,workers prefer
jobs in smaller cities while residing in bigger towns (Heuermann and Schmieder| (2019)).



concern, I estimate a two-way fixed effects model using district and year fixed effects to control
for unobservable variables. I leverage the fixed effects estimators with the existence of old railroad
stations constructed during the Japanese invasion (1894—1945) as an instrumental variable for
HSR stations’ location. The identifying assumption behind this instrumental variable is that using
the existing stations and routes might reduce HSR construction costs (i.e., relevance condition),
and after about 100 years, the old railroad stations built during the colonial era would not impact
the growth of the regional economic outcome (i.e., exclusion restriction).

My empirical findings using the old stations as instruments show that HSR reduces the gender
gap in labor market outcomes. HSR narrows the gender employment gap in both core (i.e., districts
in the Seoul metropolitan areas) and non-core areas (i.e., districts outside of the Seoul metropolitan
areas) and decreases the wage disparities between men and women in the core areas. In addition, the
expansion of HSR changes the distribution of people and jobs, decentralizing both the population
and employment: population and employment increase with the KTX expansion in districts outside
the core areas and decrease in the core areas.

To understand the mechanisms underlying the decrease in gender gaps with the expansion of
HSR, I use a class of spatial general equilibrium models with the gender-segmented labor market,
following |[Chauvin: (2017)E| In equilibrium, the gender gap in labor market outcomes is a function
of gender-segmented industries’ relative productivity and women’s labor participation costs. The
construction of HSR changes these two aspects for each site. The equilibrium condition allows us to
decompose the mechanisms behind the HSR’s impact on the gender employment and wage gaps into
the labor demand channels (relative productivity) and the labor supply channels (the labor force
participation costs). The quantitative decomposition combining the structural estimation and the
empirical findings shows that overall, HSR increases the labor demand of female-intensive sectors
and decreases women’s labor participation costs. Specifically, in core areas, the labor demand
impacts are more significant than the labor supply impacts, whereas the labor supply impacts are
more salient in non-core areas.

Next, I empirically test the model predictions to understand the mechanisms underlying the
empirical findings. First, to test relative productivity increases in female-intensive sectors, I exam-
ined how industries with different gender ratios have been affected. It is shown that male-intensive

sectors, such as transportation, public administration, and manufacturing, are negatively affected

4“Households” in the model consist of a woman and a man who jointly decide where to live. Each member decides
whether to work based on their labor force participation costs, which are higher for women. Firms hire women and
men in different intermediate sectors, which are used to produce final goods.



by HSR. In contrast, female-intensive sectors such as retail, education, medical services, and restau-
rants are positively affected by HSR expansions. These empirical results are consistent with previous
findings that HSR has different impacts across sectors. I then test whether the amenity leve]ﬂ in
non-core areas increases with the HSR expansion. Focusing on the retail, education, restaurant,
and medical service sectors, I show that HSR increases the amenity level in non-core areas but not
in core areas. Additionally, HSR’s impact on the number of workers per child in the education
sector shows that education amenities in non-core areas increase significantly with HSR. This re-
sult implies that HSR potentially contributes to decreased female labor force participation costs in
non-core areas by reducing the childcare burden. All these findings are consistent with the model
predictions.

The contribution of this study is twofold. First, this study is related to the literature on how
structural changes could have different labor market impacts on men and women. A growing
body of research has investigated the effect of technological shocks on gender gaps in labor market
outcomes either from the supply side (Greenwood et al. (2016)); |Vidart| (2020)) or the demand
side (Aksoy et al., [2019). This study extends the literature by examining how an improvement in
transportation technology could impact both the demand and supply side of the labor market. The
demand channels this study finds are similar to those in|Aksoy et al.| (2019): HSR reduces both the
gender pay and employment gap as it increases the labor demand in female-intensive sectors (e.g.,
local services) more than in industries that hire men more intensively. This is also similar to how the
famous Bartik shock (Bartik (1991)) works. On the other hand, women’s labor supply is promoted
by improvements in local amenities, particularly in education and childcare, which reduce women’s
childcare burden. Furthermore, this study contributes to the literature by focusing on improving
transportation infrastructure as a technology shock, which few previous works document.

Second, the study is closely related to the literature on the impact of inter-city transportation

infrastructureﬁ Its heterogeneous effects across spaces, |Z| as well as across different socio-economic

SFollowing [Diamond| (2016]), T define the local service amenity as the number of establishments per resident.

SImprovement in transit systems increases the trade of goods across spaces and reduces inter-regional price gaps
(Duranton et al.| (2014)); Donaldson| (2018); Donaldson and Hornbeck (2016)). Another strand of literature finds
that transportation reduces the cost of moving people and promotes inter-regional migration (Morten and Oliveira
(2016)) or changes workers’ decisions on where to live and work (Baum-Snow| (2007); Tsivanidis| (2018)); |Severen
(2018)). |Redding and Turner] (2014) provides the theoretical and empirical literature on the relationship between the
spatial distribution of economic activity and transportation costs.

"The literature examines the differences both across and within the regions. For example, within the city-level,
Baum-Snow| (2007) showed that when highways in the United States connect city centers and suburbs, it decentralizes
economic activities. Investigating the transportation infrastructure across cities, [Baum-Snow et al.[ (2020) find that
regional highways in China increase economic output and population in regional primates at the expense of hinterland
prefectures in China.



groups (Tsivanidis| (2018))), have been a focal point in recent research. This paper combines the
rich transportation literature with a growing body of research in urban economics focusing on the
gender differences in location choices and commuting decisions (Farré et al.[ (2020)), |Chauvin| (2017)),
Rosenthal and Strange| (2012), Black et al.| (2014)), Kawabata and Abe (2018]), Liu and Su/ (2020]),
and Le Barbanchon et al.| (2020)). While most of the discussion has focused on the contribution
of commuting costs on the gender gaps in the labor markets, this paper extends the literature by
focusing on non-commuting channels, which is a crucial yet under-researched aspect.

The rest of this paper is organized as follows. Section [2| provides background information on
the HSR expansion in South Korea and its economic geography. Section |3 outlines the model that
guides the empirical predictions. Section [4 provides a road map which links the model to empirical
exercises. The data sets used and empirical methodologies in this study are described in Sections
and [6] respectively. Section [7] presents the empirical results of the impact of HSR on the gender
wage and employment gap. Section [8|empirically tests some of the driving mechanisms derived from
the model, and Section [J] quantitatively estimates the mechanisms. Section [I0] presents robustness

checks, and finally, Section [L1| concludes.

2 Background

2.1 Economic Geography of South Korea

Home to 51 million people, South Korea is known for not only its fast economic growth but also
its high urbanization rate and heavy geographical concentration of economic activities. The urban-
ization rate was 81.7% in 2018, which is similar to that of developed countries such as the United
States, Canada, and France. Half of the South Korean population lives in the Seoul metropolitan
area@ The population of Seoul proper in 2016 was estimated at 10.29 million; however, the
sprawling metropolitan area is much larger at 25.6 million. In contrast, Busan, the second-largest
city in South Korea, is much smaller, with a population of 3.4 million. Figure [I| shows the spatial

distribution of population and employment in South Korea.

Figure [1] about here

8Seoul metropolitan areas are defined as Seoul and the surrounding areas including Gyeonggi and Incheon
provinces.

9With a population density of 16,425 per square kilometer (Statistics Korea, 2015), Seoul (the capital of South
Korea) ranks second in population density among urban areas of more than 5 million people. Considering the average
population density of South Korea at 528 persons per square kilometer, Seoul metropolitan areas are disproportion-
ately large.



2.2 Gender Gap in Labor Market

The demographic structure and labor market situation in South Korea are remarkable. The gender
pay gap in South Korea is the highest among OECD countries. Female full-time employees on
average earn 37.2% less than a male employee as shown in Figure [2, In the labor market, gender
disparities still exist even after adjusting for human capital differences. This means that the gender
pay gap in South Korea likely reflects a lack of opportunity, rather than a lack of ability, for women.
In addition, the disparity may be a result of other factors such as more substantial domestic burdens,
discrimination, or social norms. Many women stop working when they have children. In the 2000s,
fewer young people got married, and this demographic had fewer babies. The fertility rate has
become close to 1 since the early 2000s, and the marriage rate has halved compared to that of the

1980s.
Figure[3 about here

Figure [3| presents the gender differences in time use over the years (Korea Income and Labor
Panel Survey, 20002015 ). Female employment has seen slight increases, but the gender gap has
not narrowed significantly. Around 80% of men responded that “working full-time” is their main
activity, whereas only 40—50% of women answered so, despite the slight increases over the years.
Another 40—50% of women answered “doing domestic work” as their main activity, and about 10%
of women partly worked and did domestic work, which has decreased over time. Domestic burdens
do not seem to be a significant concern for men. Less than 5% of men answered that domestic work

was their primary activity with almost no changes in this number over the years.
Figure[3 about here

In South Korea, gender wage gaps have been consistent over the years, even after adjusting
for the human capital (education) and experience level. Figure [4| shows gender differences in
wages over the years (Korea Income and Labor Panel Survey, 2000—2015). The unadjusted wage
differences between men and women have remained at around 40—45% over the years. Adjusted

wage differences have become even more considerable and persistent at around 40—44%.
Figure [{] about here

Figure [5| shows the spatial distribution of sex ratio in employment, defined as male employment

over female employment. Overall, the core areas or big cities have a higher male-to-female employ-



ment ratio in 2000. Changes in the sex ratio in Panel B show that female employment increased

more than male employment, especially in core areas.
Figure [J about here

Table [1] presents distinctive demographic characteristics in core and non-core areas. In Panel
A., differences in labor force participation rate between men and women are significant. The share
of working men does not differ between core and non-core groups, and approximately 75.5% of men
work. However, the labor force participation rate for women is much lower than that for men, and
even lower in the core areas (39.72%) than in non-core areas (46.96%). Finally, for both women
and men, a disproportionately high number of singles live in core areas, which is consistent with
the marriage market hypothesis.

In terms of gender disparities in labor market outcomes (Panel B), the employment gap is
slightly larger in core areas, whereas the wage gap is slightly higher in non-core areas. However,

overall, the gender gap in both intensive and extensive margins is not negligible.

Table[d about here

2.3 Why Women Sort into Different Sectors from Men?

Understanding what causes women and men to be sorted into different sectors in South Korea is a
topic of interest. Figure [6] shows the life cycle of men and women in terms of their marriage and
working status. Men and women tend to show similar labor force participation rates until their
mid-twenties. However, in their mid-twenties, as women begin getting married, they tend to exit
the labor market due to the childcare and other domestic burdens. Some women reenter the labor

force in their mid-thirties, but the number of women never reaches that of men.
Figurdf] about here

Moreover, women tend to work in different sectors or occupations when they reenter the labor
market after marriage. Figure [7] compares occupation compositions of each age group of men and
women before their exit from the market (ages 25-34) and after reentry (ages 35-44). Women and
men at earlier life stages (ages 25-34) show a similar pattern in the compositions of occupations;
generally, they work in white-collar jobs such as managers, professionals, or other office workers.

However, after women’s return to the labor market at the age of 35-45, a significant number of



women work in sales and local services (Figure [7} (b) and (d)) compared to that of men, which
does not change much in terms of occupation compositions. This shows that an inordinate number
of women work in local service sectors after their marriage as the jobs require relatively less work

experience and provide more flexibility.
Figurd7 about here

This trend is related to the work of |Goldin and Katz (2016), which shows that the gender gap
in the pharmacy sector decreased over time in the United States, as the jobs have less penalty in

the pay for part-time work and meet women’s demand for flexibility in working hours.

2.4 High-Speed Rail Expansion

Korea Train eXpress (KTX), the HSR in South Korea, was first introduced in 2004 and experienced
massive expansion from 2010 to 2012. The construction plans for KTX were first made in the 1980s
to reduce both unequal development across spaces and the problems that became acute in areas
near Seoul, such as unaffordable housing problems and traffic congestion.

The bullet train not only links Seoul and Busan but also connects small towns, which were
previously only poorly connected to big cities. The KTX expansion process is depicted in Figure
and Table In 2004 (stage 1), the Gyeongbu-line, which connects Seoul to the southeastern
region, and the Honam-line, which connects Seoul to the southwestern part of South Korea, were
opened. In 2010-2012 (stage 2), the Jeonla-line began operation, the Gyeongbu-line was extended
from Daegu to Busan, and some stations in Gyeongjeon opened. In 2012, KTX had covered 22%
of the total territory and served 56% of the total South Korean population (KOSIS).

Figure[§ about here
Table [A2 about here

KTX makes round-trips between cities feasible for single-day travel. Travel from Seoul to Busan
(417.4 km), two metropolitan areas located at opposite edges of South Korea, takes 6 hours by car
or non-high-speed train, but only around 2 hours by KTX at the fastest speed. The train is mainly
used for transporting people rather than goods. More than 80% of KTX passengers use KTX to
visit friends or relatives or to go on business trips. Fewer than 1% of the passengers use KTX for

their daily commutes because of the expensive ticket pricem

10A one-way train ticket from Seoul to Busan is around $40. As the average household net-adjusted disposable



As observed in Figure |§| (a), KTX ridership has increased significantly since its opening. KTX
accounted for 3.7% of interregional ridership (buses, cars, KTX or non-KTX train) in 2004 and
reached 10% in 201@, while ridership on other transportation modes (except for domestic flights)
has decreased over time. Considering the total passenger-km riderships in Figure@ (b), the increase
for KTX is even more significant. Total passenger-km of KTX outweighed that of non-KTX trains
from 2006, which drives the increases in total passenger-km from 2011. Combining(9] (a) and (b), in
2015, average travel distance per ticket = 15,000,000,000 (passenger-km) / 60,000,000 (n. tickets)=

250 km, which is certainly over the average commute distance in South Korea.
Figure[9 about here

The direct competitors of KTX are intercity buses or existing train networks. However, in South
Korea, domestic flights are not considered significant interregional transits as airports are located
far from city centers. Therefore, flying is regarded as a less-efficient means of transitE Indeed, the
ridership on any domestic flights (disregarding flights to Jeju Island) was almost stagnant during
the sample period of 2000-2015, whereas ridership for non-KTX trains or intercity buses decreased

significantly over the sample period.

3 Model

This section provides a model for explaining how the expansion of HSR can affect the gender gap
in the labor market and the distribution of economic activities. Here, the standard spatial general
equilibrium framework as Roback]| (1982)) is utilized; with local wages, housing rents, and amenities.
The general equilibrium approach captures both the direct effects of the shock as well as endoge-
nous adjustments of factor prices and quantities (Moretti (2010)). Besides, I borrow the notion
of the gender-segmented labor market and location choice of a married couple framework from
Chauvin/ (2017). T advance the idea by allowing HSR to change the equilibrium outcomes through
the changes in (1) productivity of different intermediate goods, (2) amenities of the locations, and

(3) labor force participation costs of females.

income per capita was USD 19,372 per year in 2015 (USD 1,614.33 per month), train tickets are too expensive to be
used for daily commutes.

"Korea Transport Database of the Korea Transport Institute (KTDB).

128peedy trains and planes are generally competitive if travel time is less than 1,000 kilometers (621 miles).
(Bloomberg, 2018)
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In the model, a household, consisting of a wife and a husband, chooses where to live (and they
work in the same location). Each household member decides whether to work or not, given their
labor force participation costs and the wage level at each location. Asis well known in the literature,
the cost of labor force participation is higher for womenE Women and men are hired by different
local industries that produce intermediate goods. These intermediate goods are aggregated locally
with imperfect substitutions as a nationally produced good. Finally, housing is supplied locally. A
spatial equilibrium consists of a set of local wage levels for each gender, housing prices, a mapping
of households to cities, locations, and sectors so that firms maximize profits, households maximize

utility, and labor markets in each gender-segmented sector and housing markets are clear.

3.1 Location Choice of Households

Indirect utility of a household i, living in j at t@ is as follows:

Uje = a+wjif" —rj + Ay (1)
with total household earning (w7f* = w%’mt + wﬁ/’net, where wﬁ’”et indicates local wage level

of each gender group G € {Women(W), Men(M)}), rent (r;;), amenities (A;;), and some constant

a. Specifically, local wage of each gender group (ijt’nEt) is as follows:

Gmet ijt —¢C szjGt > ¢%(working)
WGt = 2
0 ifijt < ¢%(notworking)

with the cost of labor force participation, "V > ¢™, which makes men more likely to work.
Following Chauvin (2019), men and women draw an exogenous and stochastic labor force partic-
ipation cost, after they move to a new region. The CDF of labor participation costs follow a power
law (F(¢;) = (ﬁ)b) Women’s labor participation cost CDF has higher support: the support
for men is M € (1, dmaz) and for women is ¢" € (1 + Tjt, dmaz), for Tj > 0. The supports for
men and women are determined locally. (Wo)men will work if ¢; < Wgj;. This gives female labor

supply function of Ny j; = th(%)b, and male labor supply function of Narje = Nj(Warje)*.

13The higher cost of labor force participation for women could be due to commuting, childcare, or home production.

“The indirect utility function is driven from a household’s Cobb-Douglas utility function. Household collaboratively
derive utility from the consumption of tradable good (C};) priced one, housing (Hj;) rented at r;¢, and local amenities
(Aji)-
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Wage gap from female and male labor supply functions is:

Wj]y 1 Nth 1

Wl (14 Tje) Nwje

-

—
w

~

3.2 Firm: Gender-Segmented Intermediate Good Industries

In the gender-segmented labor market, women and men (G € {Women(W'), Men(M)}) are hired

in different intermediate good sectors:

Ygji = ‘IjGthgjtK}tiﬁ

Intermediate goods are combined with constant elasticity of substitution into a nationally-traded

final good priced:

1
Vit =[(Yaze)” + Ywje)] e
11—
= Yy =[(WarjeNyy;,)" + (UwieNiy )17 Ky P
This gives the following labor demand equations in each sector:
G Bo—1 1—0o
Wii = BVajNg;, L7

1
whereLj; = [(\IletN]@jt)U + (\IIWﬁNg/jt)a];

and the local gender wage gap is:

M
th _ \Ilet o Nth)ﬁa—l (4)
W%V Ui’ Nwij

3.3 Housing Market

The housing supply closely follows that in |Glaeser et al. (2008]). In every location j, there is an
absentee landlord who buy the housing from developers and rent it to local residents at r;;. Profits

for the developers are given by:

Tjt

(1 +1y)

Tt = 220 —CCj (5)

where i; is the national interest rate and C'C}j; are the local construction costs. The free entry

12



and zero-profit conditions give the local housing supply.
The housing demand function is from the household’s Cobb-Douglas utility function, which is
aggregated at the number of households located in location j at time t (Nj;). In equilibrium, the

local housing market clears for every location j at time t.

3.4 Equilibrium: Gender Gap in Labor Market

Equating labor supply (equation [3) and labor demand (equation [4)) functions, in equilibrium, the

following equations regarding the gender gap in labor market outcome hold.

NM
The gender employment gap (male-to-female ratio, N%) becomes
gt

NM Uy

jt Q> Mjt\oQ

— = = (1+T; 6
= 0 T () )

M

. Wy
The gender wage gap (male-to-female ratio, W]V:V) becomes
J

wM Uy
Jjt N(Bo—1)Q EMGt\2Q
=(1+1T D 7
IIrjI;V ( ]t) (\I/W]t) ( )

Yarjt

where 1 4 T}; is labor force participation cost for women in location j at time t, T is
J

relative productivity between male- (W) and female-intensive sector (Wy ;). Given the range
of parameters; the labor share in Cobb-Douglas production of the intermediate good (f3), the
elasticity of substitution of final good production (¢), and the CDF parameter of the female labor
force participation cost function (¢), Q = % >0 and (o —1)Q2 < 0.

The two equilibrium equations in the Lgender gap provide intuitive interpretations. Note that
in Equation [6] and [7] parameters in blue is positive value, and in red is negative value. In Equation
[6] the gender employment gap increases with labor force participation cost for women. As women
participate in the labor force only if the market wage is higher than their costs, higher labor force
participation cost lowers women’s labor participation rate, which leads to the increases in the gender
employment gap. On the other hand, as in Equation [7 the higher cost would increase the overall
wage level of women who join the labor force, which decreases the gender wage gaps. Meanwhile,
the increase in relative productivity between male- and female-intensive sector would worsen the

gender gap in both employment and wage, as the labor demand for men increases more than that

for women. Equations [6] and [7] give us the following predictions regarding the gender employment

13



and employment gapE

3.5 Prediction from the Model

Table[2]summarizes the changes in the gender employment and wage gap, when relative productivity
and female labor participation cost change simultaneously due to HSR expansion. For example, if
both the relative productivity of the male-intensive sector and the female labor force participation
cost decrease, the gender gap in employment would decrease. Simultaneously, the changes in the

gender wage gap would be indeterminate.
Table [ about here

3.6 Comparative Statics: Impact of HSR

With HSR, location-specific amenities, productivities, and the labor force participation cost for

women could be affected:

1. Changes local amenities is expressed as follows:

Uijt =oa+ w?tet — Tjt + 9]'15
2. Changes in relative productivity of intermediate goods is expressed as follows:

Wit Vit o Nth)gg_l
Ww jt Uwit”  Nwijt

3. Changes in labor force participation cost for women is expressed as follows:

J

wi B 1 Narje 1
Wy (1+Tj) Nwje

4 Road Map: From Model to Empirics

Taking derivatives of Equation [6] and [7] with respect to HSR, the following equations are obtained.

For the changes in the gender employment gap:

5Ppopulation in area j at time ¢ is Nj¢ can be expressed with respect to all the exogenous parameters and local
amenities (0;;), relative productivity of intermediate good sectors (%)7 and labor participation costs of women
J

(Tijt).
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and for the gender wage gap:

L = (Bo—1)Q +

=19

Q (9)

where = and equation in blue is observable, and in is

1
%—50—5—1
NM wM
oty o)
Empirically, changes in local employment gap (5747 ) or local wage gap (557 ) in Equation

and [0 can be directly observed. However, the relative productivity between male- and female-

intensive sectors ( ) or labor force participation cost for women ( ) are not easily
observed from the data. Additionally, the range of the three parameters (3, o, and ¢) are determined
in the model.

Given the availability of data and parameters, the model predictions to the empirics were linked

as follows:

1. Section [7] empirically estimates the impact of HSR on the local gender gaps in the labor
NM wM
20 o)
market outcomes (5745, Hragr ), Which are directly observed from the data.

2. Section [§] infers the impact of HSR on the relative productivity and female labor force par-

ticipation costs based on the results of Section [7] and the model predictions in Table

3. Section [§] continues to investigate whether the inferred predictions can be confirmed with

suggestive evidence from the data.

4. Finally, Section [9] structurally decomposes the impact of HSR on the relative productivity

( ) and labor force participation cost for women ( ), based on the calibrations

and the results in Section [7

5 Data

This section describes the data sets considered in analyzing the causal impacts of the massive bullet

train expansion on South Korea’s economic geography. To construct a geocoded 16-year panel data
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set at the district-level, the Census on Establishment, the Population and Housing Census, and the
Internal Migration Statistics collected by Statistics Korea are utilized. These administrative data
sets are combined into a time-varying travel-time matrix, which is constructed using the algorithm
explained in the Appendix. Note that the microlevel data for the Census on Establishment and
the Population and Housing Census are exclusively provided through the subscription to the Micro
Data Integrated System (MDIS), operated by Statistics Korea. Throughout this study , regions
are defined at district-level. In 2010, there were 228 districts consisting of 15 provinceslﬂ By
combining the data sets explained above, a (nearly) balanced panel data set at the district-level
(with the number of districts equal to 228) from 2000 to 2015 (t=16) was constructed. The details

of each data set are described in Appendix [A] Summary statistics are presented in Table [3]

Table [3 about here

6 Empirical Strategy

The following hypotheses from the model are empirically tested in this section. Does the con-
struction of HSR affect the gender gaps in the labor market outcomes, such as wage levels and
employment? Does the construction of HSR shift population and employment from core to non-

core areas or does it induce more concentration of economic activities in core areas?

6.1 OLS Regression

In a district ¢ within a province s at time ¢, the econometric model estimating the impact of the

KTX expansion on the outcome variable of interest is:

log(yit) = a + BTreat; Posty + 0 Xt + nst + fi + ¢¢ + €4t (10)

where y;; is a dependent variable including the gender gap in labor market outcomes, employ-
ment, population, or wage-level of a county ¢ of a province s at time t. Treat; Post, is the treatment
dummy equal to one, if the centroid of a district ¢ is within 15km of any KTX station at time t.
A set of control variables (X;;), district fived effect (f;), year fized effect (¢¢) and province-time
varying fized effect (ns) are included. 5 can be interpreted as the percentage change in the outcome

of interest with new construction of a KTX station in a district. Here, all the standard errors are

16 A5 our main interests are railroad transportation, districts on Jeju Island and Ulleng Island were excluded in this
paper.
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clustered at district-level. Instead of using the spatial center as centroids, this study calculates the
population-weighted centroids of each districts, based on the zip-code level population data. Refer
to Appendix for the graphical representation of the calculation.

To identify the heterogeneous impacts between core and non-core areas, consider the following

specifications:

log(yit) = a + BcI'reat; Post,D§ + BncTreat; Post, D' + 6 Xt + nst + fi + d¢ + €4, (11)

where D§(D}¢) = 1 if a district ¢ is located in the core (non-core). In terms of the institu-
tional setting in South Korea, core areas are defined as districts located in the Seoul metropolitan
areas (Seoul, Gyeonggi, and Incheon provinces) and non-core areas are districts in the rest of the

provinces.

6.2 Instrumental Variable
6.2.1 Non-random Placement of HSR

Studying the causal effect of transportation requires careful inspection due to selection issues as
this is the nature of place-based policies. The central inference problem researchers are facing in
the transportation literature is that transportation is not assigned randomly but is determined
based on both observed or unobserved location characteristics and forecasts of expected benefits
(Redding and Turner| (2014)).

In the context of this study, although the location of high-speed train stations in South Korea
was determined by the central government 14 years prior to the actual opening (Baek and Park
(2015)), possible endogeneity concerns remain. For example, districts that expect to gain the most
from HSR are more likely to lobby more aggressively to have the station in their districts . This
makes the location choice of HSR nonrandom. The unobserved factors that could affect the actual
timing of the opening can compromise the identification of the regression. To address these issues,
this study suggests the following instrumental variable estimation, following the literature in urban

economics.

6.2.2 Instrumental Variable: Old Railroad Stations in Japanese Colonial Rule

Existing literature has dealt with this endogeneity issue by using either planned (Baum-Snow

(2007)); Duranton and Turner, 2012; Duranton et al. (2014)) or historical (Morten and Oliveira,
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(2016); \Garcia-Lopez et al| (2015)); (Tsivanidis (2018))) railroads, or least-cost corridors (Faber
(2014))) as instrumental variables. In this study, the historical railroad stations, constructed during
Japanese colonial rule (before 1945) were used as the instrumental variable for the HSR stations.

In 1894, Japan assumed railroad construction in the Korean territory as part of their “modernization
process.” The first railroad network in Korea, Gyeongin-line, was opened in 1899. From then,
the Japanese railway ministry expanded railroad networks over the years. From 1904-1906, the
Gyeongbu-line and the Gyeongui-line were added to serve as military pathways to China and Russia;
in 1910, the Honam-lines were added to help transport natural resources and agricultural products

from South Korea to Japan.
Figure 10 about here

The assumption behind using the historical railroad stations as instrumental variables for HSR
is that the existing station platforms and routes might be more cost efficient, which satisfies the
relevance condition of IV(Pr(D = 1|Z = 0) # Pr(D = 1|Z = 1)), but at the same time they might
have no impact on current economic situations in the counties (exclusion restriction, E(e|Z = 1) =
E(e|Z =0)).

Table[d]shows that the relevance condition of the IV is satisfied. The first stage of the regressions
in Table [4] shows high F-statistics, which are above the typical rule of thumb (F-statistic of more
than 10, |Stock and Yogo (2002))). The high F-statistics confirm that the existence of the old railroad

stations in districts predicts a higher probability of the construction of HSR in the districts.
Table [f] about here

On the exclusion restriction, old railroad stations, constructed before 1945, in the Japanese
colonial period, would affect the growth of the economies of counties in the early 2000s. Then,
trains were mainly used to transport resources from South Korea to Japan or as assets of the
Russian-Japanese war, rather than for supporting the economic development of the region. Even
if one argues that the existence of old railroad stations initially determines the economic situation
of counties, the district fixed effects (f;) control for such an initial level difference across counties.
Here, the identification strategy comes from the condition that the old railroad station might have

an impact on the level of the outcome variables, but not on their growth.
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6.2.3 IV estimation

As the instrument variable is time-invariant (Z;), the long-difference between the final year (2015)

and the initial year (2000) of Equation |[10|is computed as follows:

Alog(y;) = BATreat; + 0AX; + Ans + Ag; (12)

Here, Treat; with Z; = 1 is used as the instrument variable, if a railroad station was built in
district ¢ during the Japanese colonial era.
Finally, for capturing heterogeneous impacts across locations, as in Equation treatiposttD;?

is instrumented by Z;D¥, for k € {core,non — core}.

7 Main Results

7.1 Effect of HSR construction on Local Employment and Population

The OLS regression results of Equations [I0] and [IT] are presented in Table [5 If all the coefficients
are correctly identified, each coefficient can be interpreted as the percentage change in the outcome
variables when the HSR station is located within 15 km of the centroid of districts. In columns
(1)—(3) of the table, any aggregated treatment effects of HSR on population, employment, or
the number of establishments cannot be observed. Conversely, once the heterogeneous treatment
effects across core and non-core districts are considered (columns (4)—(6)), we observe that HSR
construction is associated with 7.3% and 3.9% increases in population and employment in non-core
areas, respectively, and 5.6% (with no statistical significance) and 13.6% decreases in population
and employment in core areas, respectively. The results show that HSR induces the redistribution
across space by moving economic activities from the core areas to non-core areas.

The OLS regression results of equation [10] and [11] are presented in table 5| If all the coefficients
are correctly identified, each coefficient can be interpreted as the percentage change in the outcome
variables when the HSR station is located within 15km of the centroid of districts. In column (1)-
(3) of Table [5, we do not see any aggregated treatment effects of HSR on population, employment,
or the number of establishments. In contrast, once we consider the heterogeneous treatment effects
across core and non-core districts (column (4)-(6)), we see that HSR construction is associated
with 7.3% and 3.9% increases in population and employment in non-core areas respectively, and

5.6% (with no statistical significance) and 13.6% decreases in population and employment in core
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areas respectively. The results show that HSR induces the redistribution across space, by moving

economic activities from the core areas to the non-core areas.
Table[d about here

Table [6] summarizes the IV estimations using the old railroad stations as instrumental vari-
ables. The qualitative results of IV estimates are consistent with the OLS estimates in Table
with magnitudes of two to three times and more statistical strength. Meanwhile, areas with high
economic concentrations lose population, employment, and numbers of establishments, whereas the

less-developed provinces benefit from increased population and jobs after HSR stations open.
Table [0 about here

We can infer the direction of the bias by comparing the OLS and the IV estimates. Upward
and downward biases in OLS estimates are shown in core and non-core areas, respectively. These
biases mean that HSR stations were constructed in the districts that are expected to grow in core
areas, whereas in non-core areas, the districts that are expected to shrink were likely to get HSR

stations.

7.2 Impact of HSR on Employment and Wages by Genders

Table [7] shows the heterogeneous treatment effects across genders in population and employment.
The female and male population are affected in similar ways both quantitatively and qualitatively.
However, in terms of the sex ratio in employment (i.e., male employment over female employment),
female employment is observed to greatly increase in both core and non-core areas with HSR

expansions.
Table[7 about here

The effects of HSR on land price and wages are reported in Table Land prices in non-
core areas increased by 5.8%, whereas those in core areas do not change with HSR expansion.
Interestingly, an examination of the HSR’s differential wage impacts across gender shows that the
female wage level in core areas increases by approximately 20.3% in core areas, which contributes
to the decrease in the wage gap in these core areas, by 15.8%. Conversely, was no changes were
observed in the wage level in non-core areas, both for women and men, resulting in no changes in

the wage gap in these non-core areas.

Table [8 about here
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8 Mechanism

Table [9] summarizes the empirical findings of the impact of HSR are. HSR expansions in South
Korea reduce the concentration in core areas while increasing the population and employment
rate in non-core areas. Moreover, interesting gender differences for labor market outcomes are
found. HSR contributes to the decrease in gender earning disparity in core areas. Moreover, the

employment of women is higher in both core and non-core areas, compared to that of men.

Table 9 about here

8.1 Predictions from the Model

Combining the empirical findings in Table [ and the predictions from the model presented in Table
the impact of HSR on female labor force participation costs and relative productivity between

female- and male-intensive sector can be predicted in core and non-core areas.

1. In the core areas, in order to have the decrease in the male-to-female wage gap, but no changes

in the gender gap in employment, the relative productivity of female intensive sectors should
Vst

increase ( B\Z"gg < 0). The impact on the labor cost participation cost is indeterminate, which

is an empirically testable question, (%?0). See table for proof.

2. In the non-core areas, in order to have no changes in the male to female wage gap, but the

increase in the employment rate of female, the relative productivity of female intensive sectors
Vst
Og -
should increase (% < 0) and impact on the labor cost participation cost should decrease
OT;,

with the expansion of HSR (57745 > 0). See table for proof.

The following sets of regressions empirically test the propositions.

8.2 Impact of HSR Across Industries with Different Gender Intensity

Whether HSR increases the relative productivity of female-intensive sectors compared to male-
intensive sectors was verified. Table [10| presents the effect of HSR across different sectors with
different gender intensities in employment (i.e., male-to-female employment ratio). The most male-
intensive industry is transportation, with a ten-to-one male-to-female gender ratio, whereas the
most female-intensive sectors are the lodging and restaurant industries, with a male-to-female ratio

of 0.5. Interestingly, sectors with higher male workers intensity, in general, show no effects on the
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growth in their employment, except for the construction industry. On the other hand, the increase
in employment in non-core areas was shown in most of the female-intensive sectors such as retail,

education, medical, and restaurant industries.
Table [0 about here

Table investigates whether the changes in sex ratio within industries with HSR, expansion
are not driven by the changes in sex ratio. Sectors positively affected with HSR, such as retail,
education, medical service, and restaurant industries, do not show extreme changes in male-to-
female employment ratio with the HSR expansion, except for the education sector in non-core
areas. In summary, this confirms that HSR positively affects female-intensive sectors compared to

the male-intensive sectors, thus increasing labor demand for women.

Table about here

8.3 Impact of HSR on Endogenous Amenity

Whether HRS has effects on the local amenity level was verified. Specifically, following Diamond
(2016), local amenity level is defined as the number of establishments per resident of certain ser-
vice industries. Table shows the impacts of HSR on the local amenity level. Here, the total
establishments of retail, medical services, and education sectors per resident in non-core areas are
positively affected in non-core areas, with HSR expansion. Conversely, the local amenities are not

affected by HSR in the core areas.
Table [11] about here

Notably, the education amenity level increases significantly in non-core areas. Specifically,
whether workers working in the education sector per kids (under 13 years old, which is elementary
school age) changes with HSR has been verified in column (5) of Table Interestingly, an increase
in workers per kid in the education sector is only observed in non-core areas. This indirectly implies
that childcare burden for women decreases with HSR, which can potentially reduce the labor force

participation costs of women.

8.4 Impact of HSR on Migration Decisions of Singles and Couple

Finally, whether the HSR changes the demographic compositions (single vs. couples) in different

areas was verified. The composition changes in demographics indirectly indicate location charac-
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teristics, with the revealed preference argument. For example, if singles and couples are segregated
in different regions, this indicates that each region provides a location benefit favored by different
demographic groups.

The migration flow of individuals and households with different marital statuses was examined.
Population is a stock variable that impairs our understanding of the underlying migration flows of
individuals. Hence, the impact of the reduction in travel time between origin (o) and destination
(d) counties due to KTX networks on the number of migrants for each county-pair, which provides
a better idea on the movement of people. As reduced travel time improves both physical and
emotional accessibility between districts, individuals more easily sort themselves into more favorable

locations.

8.4.1 Data

The data set mainly used in this section is from the Internal Migration Statistics. From the
household level of 88,248,353 observations over 15 years (2001—2015), origin—destination county-
pair level data is aggregated, which consists of 849,600 origin—destination pairs. Additionally, to
observe the various patterns across the population, this study investigates whether the migration
patterns are affected differently by travel time among different marital status groups (singles vs.

couples). The details of the data set are provided in Appendix

8.4.2 Empirical Strategy: Gravity Model of Migration Flow

A gravity model guides us in analyzing the relationship between changes in travel time and number
of migrants. The model is often used to explain the commuting patterns (Heuermann and Schmieder
(2019))) as well as the migration patterns (Morten and Oliveiral (2016)) between regions. From the
model, each empirical specification is derived as follows. The details of the model derivation are
provided in Appendix [C]

Considering the potential endogeneity issue, the main regression equation is expressed a@

log(Mogr) =a + vlog(TravelTimeoqt) + Nod + Vot + ar + €odt (13)

where, log(TravelTime,q) is the travel time between origin and destination counties at time

t, Nogq 18 the origin-destination pair fixed effect, 1, is the origin-year fixed effect, and 64 is the

'"The same empirical specification is also used in [Morten and Oliveiral (2016).
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destination-year fixed effect.

Fixed effects of the regression control for the potential endogeneity in the placement of HSR,
which are parsimonious enough to capture those unobserved heterogeneities. 17,4 captures the
systematic time-unvarying relationship between origin and the destination counties; time-varying
origin (1) and destination (ng) fixed effects capture all potential unobserved changes in origin and
destination counties. For example, changes in inflow or outflow of migrants, due to an economic
downturn or boom of origin (or destination), can be controlled by the time-varying fixed effects.
Finally, €,4; is clustered at the origin—destination pair-level.

The specific interests in this study are whether the migration flow between core areas and
non-core areas are affected once HSR reduces travel time between the two areas. To capture
the heterogeneity in the elasticity of migration considering the travel time reduction, the three
interaction terms are placed in the regression: (origin: core; destination: non-core), (origin: non-
core; destination: core), and (both origin and destination are (non)-core). Thereafter, the regression

becomes

log(Modt) =0+ ’VZOQ(TravelTimeodt) [7SND0:S,d:N + 'YNSDO:N,d:S + ’YwithinDo,d:within] (14)

+ Nod + Vot + Oat + €oar

The changes in the number of migrants in response to the changes in travel time (i.e., migration

elasticity with respect to travel time changes) for each direction are follows:
e gy : Elasticity of migration from core to non-core districts
e vng : Elasticity of migration from non-core to core districts

® Ywithin: Elasticity of migration within core counties or non-core districts

8.4.3 Results

Elasticities of Migration with Respect to the Travel Time Reduction

The estimation results of Equation for each demographic group are presented in Tables

and [13/["¥]

181n the data, we cannot determine the legal relationship between people, who move together. Men and woman
who have moved in together are considered couples if both individuals are older than 18 and if their age differences
are less than 12 years.
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Table [I2 about here
Table about here

As travel time is reduced by the bullet train, single households generally migrate to the core areas
(Table , whereas couples move to non-core areas (Table , leading to demographic segregation.
This result might be related to the marriage market hypothesis that single households, who are
active in the marriage market, are more likely to commit to or move to core areas, which have a
larger marriage market pool. In contrast, couples with children moved out from core to non-core
areas. One of the reasons behind the couples’ movement is that couples might want to consume
larger spaces as it is shown in column (3) of Table so they move out to non-core areas as they

are cheaper.

9 Quantifying the Mechanism: Structural Model

Let’s recall Equation [§ and [9] in Section

For the changes in the gender employment gap,

N
I(Fe st
(Njft ) _ 20+ T) O_Qa(mwj) (15)
OHSR OHSR OHSR
and for the gender wage gap,
wm
(e Ravens
(Wﬁ ) = (Bo — 1)96(1 L) | o ) (16)
OHSR OHSR v OHSR

1
1_Bo+1”

where ) =

wm N
(2t (Lt
(5 (7%)

The structural decomposition using Equation |15 and [16|is as follows. 8;IV§R and 47 can be

directly estimated, from the reduced form estimations using the instrumental variables in Section

Under the assumptions of a set of parameters (¢, 3, ), Equation [L5[ and [16| become a system of
i
OHSR *

0(1+Tj¢) d

two linear equations with two unknown variables, =57k

Table summarizes three parameters used in the quantitative estimation. The choice of
elasticity of substitution in the production function between male- and female-intensive inputs

(o) and the labor share in Cobb-Douglas Function in each male- and female-intensive sectors (/3)
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are borrowed from the Bank of Korea estimates (Bae (2014)). CDF parameter of labor force

participation cost (¢) is calibrated. Details of the calibration are provided in Appendix
Table [1]] about here

Table presents the results of the quantitative estimation of the impact of HSR, solving
Equations [8 and [9] given the set of parameters in Table HSR reduces labor force participation
costs for women in core areas by 4.74% and in non-core areas by 16.71%. In contrast, the relative
productivity of male-intensive sectors decreased by 30.59% and 10.63%, respectively, in core and
non-core areas. The estimation results show that HSR mainly benefits women in core areas through
increased relative productivity in female-intensive sectors. Women in non-core areas benefit more

from the decreases in labor force participation costs, with the expansion of HSR.

Table about here

10 Robustness Check

10.1 Subset Analysis

In this section, robustness checks are performed to validate the results found in the previous sec-
tions. One of the main concerns is if outliers may drive the empirical results. To address this, the
same sets of regression in Section with subsets of the sample are used: (1) without districts
designated as a special district by the government (i.e., Sejong City); (2) without districts located in
big cities; (3) without districts located close to the North Korean border. Neither of the subsample

analyses change the main findings of the results in Section

10.1.1 Without Sejong cities

First, the subsample without Sejong City, an autonomous city in South Korea, is considered. Since
2012, the South Korean government has relocated numerous ministries and agencies to Sejong. If
this new city’s influence drove the redistribution of local economic outcomes, this could compromise
our primary regression’s causal relationship. As we can observe from Table the estimates barely

changed in the estimation without Sejong city, which confirms the validity of the main findings.

Table about here
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10.1.2 Without Districts in Big Cities

Next, Table contains a set of regressions without the following “big” cities: Seoul, Busan,
Daejeon, Daegu, and Gwangju. All the results are quantitatively similar to our main regressions,
except for the gender gap in employment (the third column in the upper panel). The impact of
HSR on the reduction in the gender employment gap in non-core areas dissipate if we remove the
big cities in the non-core areas from the variables. This means that the decline in the gender
gap in non-core areas mainly occurs in the highly industrialized areas, whereas reduction was not

significant in rural areas.

Table [17 about here

10.1.3 Without Districts near North Korean Border

Finally, Table presents the subsample analysis without districts closer to the North Korean
border, which could follow a different trajectory in growth due to the political uncertainty. The

regression results are qualitatively and quantitatively close to the main results.

Table about here

10.2 Nevo and Rosen (2012)’s Identification with Imperfect Instruments

Using old railroad stations as an instrument strategy is widely accepted in the urban economics
literature, but this approach has limitations. For instance, if the path dependency in local develop-
ment exists, even if Japanese construction of the railroad did not target the local economy growth
after 100 years, the existence of old railroad stations could contribute to today’s growth of the
districts. To address this issue, in this section, Nevo and Rosen| (2012))’s identification with imper-
fect instrument idea was used as a robustness check of the empirical estimates using instrumental
variables.

Nevo and Rosen (2012) allow the instrumental variable to be correlated with the error term;
however, they assume the correlation between the instrumental variable and the error term has the
same sign as the correlation between the endogenous regressor and the error term. Moreover, the
instrumental variable is assumed to be less correlated with the error term than is the endogenous
regressor. These assumptions provide the bounds for the parameters using the instrumental variable
instead of the exact estimates. Qualitatively, the bounds estimated using Nevo and Rosen (2012)

are similar to our main regression results in Section
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11 Conclusion

This study investigates the effect of HSR on the redistribution of economic activities and the gender
differences in labor market outcomes. Considering construction of the old railroad in the Japanese
invasion era as an instrumental variable, this study demonstrated that population and employment
move from core areas to non-core areas due to the construction of the HSR in South Korea. Women
benefit more from HSR expansion than men because the local service sector wherein women mainly
work benefits more from reduction in travel time with HSR as it reduces the cost of moving people
rather than that of goods. Moreover, with changes in endogenous local amenities with HSR,
especially changes in education amenities, women benefit more from HSR as it potentially reduces
the burden of childcare and other domestic burdens, which is not a significant concern for men.

With the construction of the old railroad in the Japanese invasion era as an instrumental
variable, this paper empirically shows that HSR narrows the gender employment gap in both core
areas (i.e., districts in the Seoul metropolitan areas) non-core areas. The wage disparities between
men and women in core areas decrease with HSR.

The mechanisms are structurally decomposed using a spatial general equilibrium model. The
HSR’s impact on the gender employment and wage gaps can be decomposed into the labor demand
and the labor supply channels in the model. The quantitative decomposition shows that overall,
HSR increases the labor demand of female-intensive sectors and decreases women’s labor partici-
pation costs. Specifically, in core areas, the labor demand impacts are more significant than the
labor supply impacts, whereas, in non-core areas, the labor supply impacts are more distinctive.

Finally, the model-predicted mechanisms were empirically explored. Women benefit more from
HSR expansion than men, as the local service sector in which women mainly work benefits more
from reducing travel time with HSR than the sectors where men mostly work. Additionally, the
improvement in local amenities, particularly in education and childcare facilities, reduces women’s
childcare burden and encourages women to join the labor force.

This paper contributes to the literature by focusing on the impact of transportation infras-
tructure on the gender gap in labor market outcomes, which there exists limited prior evidence.
Furthermore, this study extends the literature by examining how improved transportation technol-
ogy could impact both the demand and supply side of the gender-segmented labor market. This
paper’s findings shed light on the importance of understanding the heterogeneous impacts of in-

frastructure investments across different demographic groups, which is an essential consideration,
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given the considerable spending on the transportation infrastructure.

This study is not without limitations. First, the study does not cover much of the overall
welfare for men and women. Moreover, it tests how the HSR affects the economic opportunity for
women somewhat indirectly; however, did not provide definite evidence of why women’s labor force
participation costs would be decreased. Future studies related to this topic could address these

questions.
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Figure 1: Spatial Distribution of Population and Employment in South Korea

(a) Population (2010) (b) Population Growth (2003-2012)
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Figure 2: Cross-Country Gender Wage Gap (year=2015)
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Note: The gender wage gap is defined as the difference between median earnings of men and women relative to
median earnings of men. Data refer to full-time employees on the one hand and to self-employed on the other.
Source: OECD (2020), Gender wage gap (indicator)
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Figure 3: Gender Differences in Time Use across Years
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Figure 4: Wage Differences between Men and Women across Years
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Figure 5: Spatial Distribution of Employment Sex Ratio

(a) Sex Ratio (2000)
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(b) Changes in Sex Ratio (2000-2015)
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Figure 6: Life Cycle of Work and Marriage Status
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Figure 7: Occupation Composition for Gender and Age Group
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Figure 8: KTX Network in South Korea

(a) Phase 1 KTX Station (2004) (b) Phase 1 Area Covered by KTX (2004)

(c) Phase 2 KTX Station (2012) (d) Phase 2 Area Covered by KTX (2012)

Note: Area covered by KTX are districts with a centroid distanced less than km from any KTX stations
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Figure 9: Annual Ridership across Different Transportation Modes
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Figure 10: KTX Network and Old Railroad Stations Constructed during Japanese Colonial Era
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Note: Color represents the population density of districts in 2010. Districts within the thick red lines are defined as
core areas, districts in Seoul metropolitan areas, which are districts of Incheon, Seoul, or Gyeonggi provinces. Shaded
districts are ’treated’ districts, where the population-weighted centroid of districts is within 15km of any high-speed
rail stations; and zero, otherwise. Red dots are the location of old railroad stations constructed during the Japanese
colonial era.
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Table 1: Descriptive Statistics of Demographics

Panel A. Share of Working Population and Single

Working (%) Single (%)
Female  Male Female Male
Core 39.72% 75.68% 12.40% 12.96%

Non-core 46.96% 75.53% 6.92%  7.50%

‘Working’ includes any types of employment(e.g. for-
mal, informal). Statistics are share of (fe)male, who
work (Column (1), Column (2)); and who are not mar-
ried, i.e. single (Column (3), Column (4)). Statistics
are mean in 2005, over age 25. Census on Population
and Household, Statistics Korea.

Panel B. Gender Gap in Labor Market Outcomes

Employment Gap Wage Gap

(male-to-female,%) (male-to-female,%)
Core 40.91% 38.8%
Non-core 38.63% 40.3%

Employment gap is defined as local male employment
over female employment. Wage gap is local male-to-
female wage ratio. The statistics are 3 year averages
(2000-2003). Census on Establishment, Korea Labor
Income Panel Survey (KLIPS).
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Table 2: Model Prediction: Impact of HSR

Panel A. Impact on the Gender Employment Gap (Male/Female)

Female Labor Participation Cost (1 + 7))

Relative Productivity (5“7“;) Decrease No Changes Increase
Decrease (-) (-) (7)
No Changes (-) (.) (+)
Increase (7) (+) (+)

Panel B. Impact on the Gender Wage Gap (Male/Female)

Female Labor Participation Cost (1 + 7))

Relative Productivity (5”71?;) Decrease No Changes Increase
Decrease (7) (-) (-)
No Changes (+) (.) (-)
Increase (+) (+) (7)

45



Table 3: Summary Statistics

(1) (2) (3) (4) (5)
Variable Mean Std Dev.  Min  Median  Max
log(Employment) 10.639  1.065 7.954  10.789  13.475
log(Establishment) 9.154 0.939 6.811  9.253  11.206
Sex ratio (Employment) 1.460 0.364 0.764  1.383 4.044
Sex ratio (Population) 1.006 0.041 0.898  1.005 1.308
log(Landprice) 87.267  9.316  46.527 90.003  105.563
log(Wage, female) -0.399  0.254  -2.377  -0.382 0.538
log(Wage, male) 0.038 0.240  -1.664  0.038 1.184
log(Wage, male)- log(Wage, female) 0.437 0.240  -0.596  0.434 2.201
log(Employment): Transportation 7.613 1.286 4.477 7.767 10.815
log(Employment): Construction 7.720 1.095 5.182 7.637 11.136
log(Employment): Public Admin 7.578 0.719 5.011 7.540 10.325
log(Employment): Manufacturing 8.817 1.403 4.382 8.802 12.440
log(Employment): Retail Store 7.024 0.932 4.407 7.064 9.616
log(Employment): Education 8.067 1.078 5.357  8.137  11.140
log(Employment): Medical Service 7.217 1.240 4.060  7.286  10.386
log(Employment): Restaurant 8.545 0.967 6.174  8.684  11.107
Establishment per population: Retail 0.003 0.002 0.001 0.003 0.011
Establishment per population: Education 0.003 0.001 0.001 0.002 0.012
Establishment per population: Medical Service  0.001 0.001 0.000 0.001 0.005
Establishment per population: Restaurant 0.016 0.008 0.005 0.014 0.059
Education Workers Per Kids (age < 14) 9.417 2482  14.295 87.968  16.707

Notes: All the statistics are the district-level, from 2000 to 2015.
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Table 4: First Stage of Instrumental Variable Regression

(1) (2) (3)
First Stage

VARIABLES D=1: Treat D=1: Treat*Core D=1: Treat*Non-core

Old Railroad Station 0.564***

(0.63)

*Non-core areas 0.000 0.542%**

(0.042) (0.054)
*Core areas 0.687*** -0.000

(0.100) (0.128)
State Fized Effect v v v
Observations 238 238 238
R-squared 0.354 0.612 0.485
F-Statistics 15.69 39.87 23.93

Notes: *** p<0.01, ** p<0.05, * p<0.1. Column (1)-(3) reports the first stage
of the instrumental variable regression. Column (1) is the first stage for the
regression without heterogeneous treatment effects and column (2), (3) are
with heterogeneous treatment effects. Old Railraod Station variable is equal
to one, if the population-weighted centroid of districts is within 15km of any
Japanese constructed train stations; or zero, otherwise. Core areas are defined
as districts in Seoul metropolitan areas, which are districts of Incheon, Seoul,
or Gyeonggi provinces. Non-core areas are all other districts.

47



14

Table 5: Impact of HSR on Local Population, Employment and the number of Establishments (Two-way Fixed Effects Model)

(1) (2) (3) (4) (5) (6)

log of Population Employment Establishment Population Employment Establishment
Treat 0.033* -0.002 0.022
(0.017) (0.020) (0.020)
*Non-core areas 0.073%** 0.039* 0.066***
(0.018) (0.021) (0.020)
*Core areas -0.056 -0.097** -0.078%*
(0.036) (0.042) (0.042)
Year FE v v v v v v
District FE v v v v v v
Province-Year FE v v v v v v
Observations 3,806 3,806 3,806 3,806 3,806 3,806
R-squared 0.994 0.993 0.992 0.994 0.993 0.992
N. Districts 238 238 238 238 238 238

Notes: *** p<0.01, ** p<0.05, * p<0.1. Standard errors are in parentheses. The coefficients are the
regression results of instrumental variable estimation in Section Dependent variable of column (1), (4)
is log of population, column (2), (5), is log of employment, and column (3), (6) is log of the number of
establishments respectively. Treat variable is equal to one, if the population-weighted centroid of districts
is within 15km of any high-speed rail stations; or zero, otherwise. Core areas are defined as districts in
Seoul metropolitan areas, which are districts of Incheon, Seoul, or Gyeonggi provinces. Non-core areas are
all other districts. Standard errors are clustered at district-level.
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Table 6: Impact of HSR on Local Population, Employment and the number of Establishments (IV)

(1) (2) (3) (4)

() (6)

log of Population Employment FEstablishment Population Employment Establishment
Treat 0.114 0.032 0.055
(0.087) (0.120) (0.125)

*Non-core areas 0.188%** 0.132%* 0.161%**
(0.045) (0.052) (0.047)

*Core areas -0.207** -0.407%** -0.410%**
(0.085) (0.086) (0.090)

Province FE v v v v v v

1st stage F-stat 15.69 15.69 15.69

(Non-core) 39.87 39.87 39.87

(Core) 23.93 23.93 23.93

Observations 238 238 238 238 238 238

R-squared 0.161 0.092 0.094 0.191 0.043 0.018

Notes: *** p<0.01, ** p<0.05, * p<0.1. Standard errors are in parentheses. The coefficients are the
regression results of instrumental variable estimation in Section Dependent variable of column (1), (4)
is log of population, column (2), (5), is log of employment, and column (3), (6) is log of the number of
establishments respectively. Treat variable is equal to one, if the population-weighted centroid of districts
is within 15km of any high-speed rail stations; or zero, otherwise. Core areas are defined as districts in
Seoul metropolitan areas, which are districts of Incheon, Seoul, or Gyeonggi provinces. Non-core areas are

all other districts. Standard errors are clustered at district-level.



Table 7: Impact of HSR on Population, Employment and Employment Rate across Gender (IV)

(1) (2) (3) (4) () (6)

Population Employment

Male Female Sex Ratio Male Female Sex Ratio
Treat
*Non-core 0.177*%*  0.200***  -0.025* 0.120* 0.209***  _0.162**

(0.046) (0.045) (0.013) (0.060) (0.059) (0.068)
*Core -0.243**  -0.168* -0.083 -0.438***  _0.295***  _(.199%**

(0.095) (0.084) (0.067) (0.070) (0.090) (0.055)
Province FE v v v v v v
1st stage F-stat
(Non-core) 39.87 39.87 39.87 39.87 39.87 39.87
(Core) 23.93 23.93 23.93 23.93 23.93 23.93
Observations 238 238 238 237 237 237
R-squared 0.178 0.202 0.014 0.034 0.094 0.095

Notes: *** p<0.01, ** p<0.05, * p<0.1. Standard errors are in parentheses. The coeffi-
cients are the regression results of instrumental variable estimation in Section [6.2] Depen-
dent variable of column (1), (2) is log of population of male and female, and column (3)
is sex ratio of population (male population/ female population). Column (4), (5), is log
of employment of male and female, and column (6) is sex ratio of employment (male em-
ployment/ female employment). Treat variable is equal to one, if the population-weighted
centroid of districts is within 15km of any high-speed rail stations; and zero, otherwise.
Core areas are defined as districts in Seoul metropolitan areas, which are districts of In-
cheon, Seoul, or Gyeonggi provinces. Non-core areas are all other districts. Standard
errors are clustered at province-level.
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Table 8: Impact of HSR on Wages, and Gender Wage Gaps (IV)

(1)

logwage (male)

logwage (female)

(2) 3)
1V estimates
wage gap (male/female)

Treat

*Non-core areas 0.072 0.128 0.003
(0.257) (0.175) (0.096)

*Core areas 0.046 0.203** -0.158%**
(0.100) (0.085) (0.017)

Province FE v v v

1st stage F-stat

(Non-core) 39.87 39.87 39.87

(Core) 23.93 23.93 23.93

Observations 179 166 162

R-squared 0.046 0.011 0.057

Notes: *** p<0.01, ** p<0.05, * p<0.1. Standard errors are in parentheses.
The coefficients are the regression results of instrumental variable estimation
in Section Dependent variable of column (1), (2), is log of wage of men
and women, respectively, and column (3) is gender wage gap, defined as local
wage of men relative to local wage of women. Treat variable is equal to one, if
the population-weighted centroid of districts is within 15km of any high-speed
rail stations; and zero, otherwise. Core areas are defined as districts in Seoul
metropolitan areas, which are districts of Incheon, Seoul, or Gyeonggi provinces.
Non-core areas are all other districts. Standard errors are clustered at province-

level.
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Table 9: Summaries of Reduced Form Findings

Population (Employment) Gender Gap (male/female)

Employment Wage

Core (-) (-) )
Non-core (+) (-) (.)
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Table 10: Mechanism 1.(1). Effect of HSR on Sectoral Employment

Panel A. Male Intensive Sector

(1) (2) (3) (4)

Log of Employment

(Transportation) (Construction)  (Public Admin)  (Manufacturing)

€¢

Treat
*Non-Seoul 0.241 0.251* -0.016 -0.316**
(0.137) (0.134) (0.114) (0.136)
*Seoul -0.735%* -0.490** -0.189*** -0.925%**
(0.310) (0.205) (0.062) (0.269)
Sex Ratio(2000) 10.09 7.56 4.40 2.36
Observations 237 237 237 237
Panel B. Female Intensive Sector
(5) (6) (7) (8)
Log of Employment
(Retail) (Education)  (Medical Service) (Restaurant)
Treat
*Non-Seoul 0.251%** 0.333*** 0.474%** 0.205***
(0.060) (0.071) (0.085) (0.061)
*Seoul -0.328%* -0.048 -0.090 -0.327%**
(0.172) (0.087) (0.182) (0.025)
Sex Ratio(2000) 0.88 0.76 0.54 0.50
Observations 237 237 236 237

Notes: *** p<0.01, ** p<0.05, * p<0.1. Standard errors are in parentheses. The coefficients are the second stage
regression results of instrumental variable estimation in Section Dependent variable of column (1) - (8) is log
of employment in each sector. Core areas are defined as districts in Seoul metropolitan areas, which are districts
of Incheon, Seoul, or Gyeonggi provinces. Non-core areas are all other districts. Standard errors are clustered at
province-level.
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Table 11: Mechanism 2. HSR’s Impact on Endogeneous Amenities in Non-core

(1) (2) 3) (4) (5)

SECTOR Retail Stores Medical Service Restaurant Education Education

VARIABLE Establishment per Residents Workers per Child (age < 13)

Treat

*Non-Seoul 0.219%** 0.161%** 0.052 0.249%** 0.016*
(0.059) (0.050) (0.049) (0.055) (0.009)

*Seoul 0.065 0.118 -0.054 0.131 0.036
(0.129) (0.151) (0.181) (0.179) (0.037)

Province FE v v v v v

Province FE v v v v v

1st stage F-stat

(Non-core) 39.87 39.87 39.87 39.87 39.87

(Core) 23.93 23.93 23.93 23.93 23.93

Observations 237 236 236 237 237

Notes: *** p<0.01, ** p<0.05, * p<0.1. Standard errors are in parentheses. The coefficients are the second
stage regression results of instrumental variable estimation in Section Dependent variable of column
(1), (2), (3), (4) is log of the number of retail (KSIC G471: department stores, supermarkets, grocery stores,
etc); education (KSIC P: Private and Public education institutes); medical service(KSIC Q86: hospitals and
all types of medical services); and restaurant (KSIC I56) establishments per resident respectively, following
Diamond (2016). Dependent variable of column (5) is number of workers in education sector per child
below age of 13. Core areas are defined as districts in Seoul metropolitan areas, which are districts of
Incheon, Seoul, or Gyeonggi provinces. Non-core areas are all other districts. Standard errors are clustered
at province-level.



Table 12: Effect of Travel Time between Origin and Destination Districts on Migration: Single

(1) (2) (3)
VARIABLES log of Number of Migrants
(Single, all)  (Single, Male) (Single, Female)

Panel A.
log(Travel Time) -0.050%** -0.050°%** -0.045°%**
(0.013) (0.013) (0.013)
Observations 849660 849660 849660
R2 0.930 0.912 0.898
Panel B.
log (Travel Time)
*(origin:core/destination:non-core) -0.028 -0.026 -0.020
(0.021) (0.022) (0.023)
*(origin:non-core/destination:core) -0.101%** -0.11 7% -0.127%%*
(0.020) (0.021) (0.022)
* Within Region -0.023 -0.016 0.007
(0.020) (0.020) (0.020)
Origin-Dest Fized Effect v v v
Year Fized Effect v v v
Origin-year Fized Effect v v v
Destination-year Fized Effect v v v
Observations 849,660 849,660 849,660
R-squared 0.935 0.919 0.906
N. origin-destination pair 56,644 56,644 56,644

Notes: *** p<0.01, ** p<0.05, * p<0.1. Dependent variable of column (1)-(3) is log of the
number of migrants in each district-pair for each demographic category. Core areas are
defined as districts in Seoul metropolitan areas, which are districts of Incheon, Seoul, or
Gyeonggi provinces. Non-core areas are all other districts. Standard errors are clustered
at origin-destination-pair-level.
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Table 13: Effect of Travel Time between Origin and Destination Districts on Migration: Couple

1) 2) 3)
VARIABLES log of Number of Migrants
(Couple) (with Kid(s)) (without Kids(s))
Panel A.
log(Travel Time) -0.019 -0.053%** 0.006
(0.015) (0.015) (0.013)
Observations 849660 849660 849660
Adj R2 0.907 0.903 0.852
Panel B.
log(Travel Time)
*(origin:core/destination:non-core) -0.069***  -(0.119%*** -0.013
(0.025) (0.026) (0.021)
*(origin:non-core/destination:core)  -0.031 -0.043* -0.026
(0.023) (0.023) (0.020)
* Within Region 0.039%* -0.002 0.055%**
(0.022) (0.021) (0.019)
Origin-Dest Fized Effect v v v
Year Fized Effect v v v
Origin-year Fized Effect v v v
Destination-year Fized Effect v v v
Observations 849660 849660 849660
Adj R2 0.907 0.903 0.852
N. origin-destination pair 56,644 56,644 56,644

Notes: *** p<0.01, ** p<0.05, * p<0.1. Dependent variable of column (1)-(3) is
log of the number of migrants in each district-pair for each demographic category.
Core areas are defined as districts in Seoul metropolitan areas, which are districts
of Incheon, Seoul, or Gyeonggi provinces. Non-core areas are all other districts.
Standard errors are clustered at origin-destination-pair-level.
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Table 14: Parameters

Parameter Value Source
Elasticity of Substitution in Production Function o = 0.82 |Bae (2014)
Labor Share in Cobb-Douglas Function B = 0.66 Bae|(2014)

Labor Force Participation Cost CDF Parameter t =0.9 Calibrated

Table 15: Quantitative Decomposition of the Impact of HSR

Core Non-core
(it
(Reduced Form) Impact on the Gender Employment Gﬁg (agﬁ) -19% -16.2%
o 5e)
(Reduced Form) Impact on the Gender Wage Gap (5747 ) -16% 0%
(Estimated) Impact on Labor Force Participation Cost (8(811;51]%)) -4.75% -16.71%
U
b ]V[]f )
(Estimated) Impact on Relative Productivity (%) -30.59%  -10.63%
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Table 16: Robustness Check: Sub-sample Analysis, without Sejong Special City

1) 2) 3)
IV Results
log(Employment)
(Male) (Female) (Sex Ratio)
Treat*Non-core 0.117" 0.207" -0.164™"
(0.061) (0.059) (0.069)
Treat*Core -0.438""" -0.295"" -0.199°"
(0.070) (0.090) (0.055)
Obs 236 236 236
(4) (5) (6)
IV Results
log(Wage)
(Male) (Female) (Wage Gap)
Treat*Non-core 0.072 0.128 0.003
(0.257) (0.175) (0.096)
Treat*Core 0.046 0.203™ -0.158"""
(0.100) (0.085) (0.017)
Obs 178 165 161
(7) (8) 9)
IV Results
log of

Population Employment Establishment

Treat*Non-core  0.180""" 0.151°" 0.158""
(0.044) (0.054) (0.048)

Treat*Core -0.207" -0.377" -0.410™
(0.085) (0.075) (0.090)

Obs 237 236 237

Notes: *** p<0.01, ** p<0.05, * p<0.1. Standard errors are
in parentheses. The coefficients are the second stage regression
results of instrumental variable estimation in Section Core
areas are defined as districts in Seoul metropolitan areas, which are
districts of Incheon, Seoul, or Gyeonggi provinces. Non-core areas
are all other districts. Standard errors are clustered at province-
level.
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Table 17: Robustness Check: Sub-sample Analysis, without Districts in Big Cities

M) ) 3)
IV Results
log(Employment)
(Male) (Female) (Sex Ratio)
Treat*Non-core 0.254™"" 0.313" -0.130
(0.045) (0.044) (0.089)
Treat*Core -0.461"" -0.353" -0.127"
(0.000) (0.000) (0.000)
Obs 163 163 163
(4) (5) (6)
IV Results
log(Wage)
(Male) (Female) (Wage Gap)
Treat*Non-core -0.052 0.090 0.060
(0.384) (0.280) (0.144)
Treat*Core 0.156™" 0.284""" -0.1277
(0.000) (0.000) (0.000)
Obs 107 93 90
(7) (8) 9)
IV Results

log of (IV Results)
Population Employment Establishment

Treat*Non-core  0.2317" 0.272"" 0.229""
(0.024) (0.034) (0.032)

Treat*Core -0.080™"" -0.4117" -0.423""
(0.000) (0.000) (0.000)

Obs 164 163 164

Notes: *** p<0.01, ** p<0.05, * p<0.1. Standard errors are in
parentheses. Big Cities includes Seoul, Busan, Daejeon, Daegu,
Gwangju, Ulsan, Incheon. The coefficients are the second stage
regression results of instrumental variable estimation in Section
Core areas are defined as districts in Seoul metropolitan areas,
which are districts of Incheon, Seoul, or Gyeonggi provinces. Non-
core areas are all other districts. Standard errors are clustered at
province-level.
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Table 18: Robustness Check: Sub-sample Analysis, without Districts close to North Korean Border

(1) (2) (3)
IV Results
log(Employment)
(Male) (Female) (Sex Ratio)
Treat*Non-core 0.115" 0.204™ -0.159™"
(0.060) (0.058) (0.067)
Treat*Core -0.415™ -0.274" -0.199""
(0.059) (0.075) (0.053)
Obs 214 214 214
(4) (5) (6)
IV Results
log(Wage)
(Male) (Female) (Wage Gap)
Treat*Non-core 0.030 0.258™" -0.051
(0.258) (0.087) (0.082)
Treat*Core 0.053 0.219™" -0.166™"
(0.101) (0.091) (0.011)
Obs 167 156 153
(7) (8) 9)
IV Results
log of (IV Results)
Population Employment FEstablishment
Treat*Non-core  0.189"" 0.149" 0.162°"
(0.045) (0.054) (0.047)
Treat*Core -0.200™" -0.355"" -0.384™""
(0.091) (0.062) (0.083)
Obs 215 214 215

Notes: *** p<0.01, ** p<0.05, * p<0.1. Standard errors are in
parentheses. Districts closer to North Korea include all districts
in Gangwon Province and districts in Gyeonggi Province (Paju,
Pochun, Yeonchun, Gapyung, Dongduchun). The coefficients are
the second stage regression results of instrumental variable es-
timation in Section 6.2l Core areas are defined as districts in
Seoul metropolitan areas, which are districts of Incheon, Seoul, or
Gyeonggi provinces. Non-core areas are all other districts. Stan-
dard errors are clustered at province-level.
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A Appendix: Data

A.1 Census on Establishment

Begining in 1994, the Census on Establishments is an annual population survey that provides
business information on all 3.3 million enterprises and establishments in South Korea. This admin-
istrative dataset includes each establishment’s business information, such as its’ 5-digit industry
code, number of employees, and geographic information. This detailed information makes it possi-
ble to construct a panel data set of job creatiorF_g] and job destruction@ with detailed geographic
and establishment information. For the time being, I focus on the number of employees and the
number of establishments at the district-level across different industries or establishments with dif-

ferent sizes.

A.2 Population and Housing Census

The Population and Housing Census is an administrative survey that collects information on all
50 million Koreans and foreign residents in South Korea every five years. The survey includes
information on demographics (age, gender, education level), socio-economic status (job status), as
well as residential location, job location, commuting patterns, and the residential location of the
respondent five years prior to the survey.

This study uses 4 waves (2000, 2005, 2010, 2015) of the Census data, which contain a 2% random
sample from the population survey. The key variables used in this paper are current residential
location, residential location 5 years prior, commute location, commuting mode, and other socio-

demographic information such as education level, gender, and marriage.

A.3 Internal Migration Statistics

The Internal Migration statistics is an administrative dataset of residential migration for establish-
ing population policies. The data is collected when a household moves to a zip-code outside of its
original zip-code. This makes it possible to track all the across-zipcode migrants in South Korea.
The information is collected at the household-level with demographic information (gender and age)
on all household members who move together. Importantly, this data contains information on the

origin zip-code of each migrant, which lets us track area-to-area migration flows each year.

19The number of jobs created each year due to either firms’ entrance or expansion of employment of incumbents.
29The number of jobs that disappeared each year due to either exit of firms or declines in employment of surviving
firms.
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By aggregating 88,248,353 observations of annual (2001-2015) household-level data to annual
county-level origin-destination (o/d) data, this paper uses of 849,600 @ observations of o/d migra-
tion flows. I focus on the number of migrants, the number of female/male migrants, the number
of migrants across different age groups (under 20s, 20s, 30s, 40s, 50s, and over 60s) to see the

heterogeneous migration patterns across different demographics.

A.4 Korean Labor and Income Panel Study, KLIPS

KLIPS (Korean Labor & Income Panel Study) is a longitudinal survey of the labor market and
income activities of households and individuals residing in urban areas. The 1st Wave of the KLIPS
was launched by the KLI (Korea Labor Institute) in 1998, and the survey is conducted annually.

Around 5,000 households and 15,000 individuals are surveyed every year.

21849600 = 238 counties *238 counties *15 years. Note that within county migration is also included in the
observation.

62



B Appendix: Data Construction

B.1 District-level Wage Index

Since the administrative wage data during the sample period is not available, wage index at district-
level data is imputed using Korea Labor and Income Panel Study (KLIPS). The individual panel
survey provides individuals’ rich information about where people live and work, socio-economic
characteristics as well as annual labor earnings. To compute the wage index at district-level for
before and after HSR construction, I use individual-level wage data, and get the district-fixed effects
as the wage index. I make use of four years (2000-2003) for pre-HSR period, and five years (2011-
2015) for post-HSR period. Table presents the summary statistics for the original source data.

For an individual 4, living in district j, at time ¢ € {be fore, after}, the district-level wage (wj)

is estimated as follows:

Wi = o+ BXij + Wit + €55t (17)

where X;j; are the vector of individual characteristics such as years of education, age, gender,

and experience.

Table Al: Summary Statistics of Wage Data (Source: KLIPS)

Variable Obs  Mean Std. Dev. Min Max
logwage (pre-HSR) 23,517 4.61 0.61 0.69 7.53
logwage (post-HSR) 28,156  5.29 0.66 1.79 8.29
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B.2 A Travel Time Matrix between Cities to Cities

In this study, the reduction in transportation costs induced by the KTX expansion is proxied by
the reduction in travel time between cities. I calculate travel time between each county-pair over
each year, which consists of a time-varying travel time matrix with an element located in the row
7; the column k represents the minimum travel time from a county j to a county k, at a given time
t@ As of 2010, there are 228 districts, which in turn result in 51,75@ unidirectional relations
between the counties. The travel time within districts is assumed to be zero, as the focus of this
paper is on the inter-city movement rather than intra-city movement.

I simplify the travel time calculation by assuming that the distance between each county pair is
time fixed, whereas the speed of the transportation modes changes over time as the KTX networks
expand. Under this simplifying assumption, calculating the travel time before KTX expansion is
relatively easy as the travel time is the linear distance between the centroid of origin and destination
county divided by the average speed of an automobile or bus, which is assumed to be 90km /hour,
the highway speed limit in South Korea@

The changes in travel time induced by KTX expansion are calculated as follows. First, I
construct KTX networks by using the Korean Transportation Database, collected by the Korea
Transport Institute (KTDB). The database provides information on the exact location of all train
stations, railroad networks, and the opening date of each station. Combining this information with
the KTX train schedule available online, I calculate estimated travel time from a station to every
other station connected by KTX networks@ Finally, the travel time from an origin county to a
destination county is calculated as the sum of 1) the estimated time from the centroid of the origin
county to departure KTX station; 2) the estimated travel time by KTX from the departure station
to the arrival station; and 3) the estimated travel time from the arrival KTX station to the centroid
of the Destination county.

Finally, the time-varying minimum travel time matrix is constructed by using the following
algorithm. Whenever there was an expansion in KTX networks (e.g., 2004, 2010, 2011, 2012) I

compare the travel time before the expansion of KTX to the travel time after the expansion and

22The timed travel between the two districts is assumed to be symmetric.

23 (district-district pairs) - (pairs with its own) = (228%228) - 228.

24The underlying assumption is that the motor is the closest substitute of the KTX. This is because travel by other
transportation modes such as traditional railway or domestic flights takes longer than by car, in the South Korean
context (KTI, 2013).

25To simplify the calculation, I first calculate the linear distances between each station and divide the distance by
the average train speed between each departure-arrival station.
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take the smaller value for every county-pair. Before 2004, as KTX had not yet been introduced,
the minimum travel time is calculated as the linear distance divided by the speed of an automobile.
For 2004, when the KTX was first introduced, the previous travel time is compared to the travel
time accounting for the new KTX networks and the smaller travel time is taken between the two.
Whenever the KTX network is expanded, the algorithm repeats the same procedure for every

county-pair to create the time-varying minimum travel time matrix.
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C Appendix: Regression on Migration Flow

Let M,z be the number of migrants from region o to region d in year t. The gravity model for
M, takes the following form:

Moy = aPopgt"EmpffPopgtdEmpnggdt (18)

where Pop,: (Popgt) is the population of an origin o (destination d) at time t, Empy (Empat)

is the total employment of origin o (destination d) at time ¢, and D, means travel costs (in our

context, travel time) between origion (o) and destination (d). The intuition for the model is that

the migration flow between an origin and a destination county-pair increases if the size (population,

employment) of the origin or the destination county is big and the distance between the two is close

enough.

Taking the logarithms of equation [18 we get:

log(Mogr) = log(a)+aslog(Popet) +aglog(Popas )+ Bolog(Empet )+ Balog(Empar) +vlog(Dogr) (19)

Our coefficient of interest in equation is v, which can be interpreted as the percentage
changes in the number of bilateral migrants associated with a 1% change in travel time.

However, a naive estimation of equation would cause an endogeneity problem. For example,
if the placement of HSR specifically was targetting counties which grow or decline, then the causal
inference between the travel time reduction and migration flow would be threatened.

Keeping in mind the potential endogeneity issue, the main regression equation is @

log(Moar) =a + ylog(TravelTimeoqr) + Nod + Vot + Oar + €odt (20)

where, log(TravelTime,q;) is the travel time between origin and destination counties at time
t, Nogq 18 the origin-destination pair fixed effect, 7, is the origin-year fixed effect, and 64 is the

destination-year fixed effect.

26The same empirical specification is also used in Morten and Oliverira (2017)
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Figure A1l: Population-weighted Centroid
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Note: Color of the map represents zip-code-level 2010 population.
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Figure A2: KTX Network Expansion
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Table A2: History of the KTX Station Expansion

Date Line From/To Project Type Station
. Seoul, Hangshin, Youngdengpo, Gwangmeng
1/D * New 1 ’ ’ 7
Gyeongbu Seoul/Daegu oW e Suwon, Cheonan-Asan, Daejeon, Dong-Daegu
Apr/2004 Daegu/Busan** New line Gupo, Milyang, Busan
. . Yongsan, Seo-Daejeon, Gyeryong, Nonsan
)k ) ) )
Honam Dacjeon/Mokpo New line Iksan, Jeongeup, Gwangju-Songjeong, Naju, Mokpo
Seoul/Daegu Add-station Osong
*
Dec/2010 Gyeongbu Add-station Shin-Gyeongju, Gimcheon(Gumi), Ulsan
Daegu/Busan
Improve speed  Busan
Gyeongjeon®*  Milyang/Masan New line Jinyoung, Changwon-Joongang, Changwon, Masan
Oct /2011 Jeonla** Tlsan /Yeosu New line Jeonju, Namwon, Guryegu, Sooncheon, Yeocheon
Yeosu-expo, Goksung
Dec/2012  Gyeongjeon** Masan/Jingu Add-station Jinju

*High Speed Railroad (Vinaz = 305km/h)
**Electrified conventional railway directly connected with HSR (Vinas < 180km/h)
Source: Korail
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Table A3: The Inferred impact of HSR on Relative productivity and female labor participation costs
A. Core Areas
A.1 Impact on the Gender Gap in Employment
Female Labor Participation Cost (1 + 7))

Relative Productivity (%) Decrease No Changes Increase
2
Decrease (-) (-) (7)
No Changes (-)
Increase (7)

A.2 Impact on the Gender Gap in Employment
Female Labor Participation Cost (1 + 7))

Relative Productivity (%) Decrease No Changes Increase
2
Decrease (7) (-) (-)
No Changes )
Increase (7)

A.3 Inferred Impact of HSR
Female Labor Participation Cost (1 + 7))

Relative Productivity (%) Decrease No Changes Increase
2
Decrease v v v
No Changes
Increase
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Table A4: The Inferred impact of HSR on Relative productivity and female labor participation costs

B. Noncore Areas
B.1 Impact on the Gender Gap in Employment

Female Labor Participation Cost (1 + 7))

Relative Productivity (%) Decrease No Changes Increase
2
Decrease (-) (-) (7)
No Changes (-)
Increase (7)

B.2 Impact on the Gender Gap in Wage
Female Labor Participation Cost (1 + 7))

Relative Productivity (%) Decrease No Changes Increase
2
Decrease (7)
No Changes (.)
Increase (7)

B.3 Inferred Impact of HSR
Female Labor Participation Cost (1 + 7))

Relative Productivity (%) Decrease No Changes Increase
2
Decrease v
No Changes
Increase
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Table A5: Mechanism 1.(2). Effect of HSR on Sectoral Sex Ratio (Male-to-Female Ratio)

Panel A. Male Intensive Sector

(1) (2) (3) (4)

Sex Ratio

(Transportation) (Construction)  (Public Admin)  (Manufacturing)

GL

Treat
*Non-Seoul 0.379 1.576** 1.038%* -0.828**
(0.595) (0.704) (0.368) (0.340)
*Seoul -5.237 4.825** 1.922 -0.621***
(4.481) (2.104) (2.216) (0.127)
Sex Ratio(2000) 10.09 7.56 4.40 2.36
Observations 237 237 237 237
Panel B. Female Intensive Sector
(5) (6) (7) (8)
Sex Ratio
(Retail) (Education)  (Medical Service) (Restaurant)
Treat
*Non-Seoul 0.027 0.422%** -0.053 0.035
(0.024) (0.107) (0.037) (0.025)
*Seoul -0.015 0.991 -0.040 0.002
(0.027) (0.913) (0.093) (0.014)
Sex Ratio(2000) 0.88 0.76 0.54 0.50
Observations 237 237 236 237

Notes: *** p<0.01, ** p<0.05, * p<0.1. Standard errors are in parentheses. The coefficients are the second stage
regression results of instrumental variable estimation in Section Dependent variable of column (1)-(8) is sex
ratio of each sector, defined as male employment over female employment. Core areas are defined as districts in
Seoul metropolitan areas, which are districts of Incheon, Seoul, or Gyeonggi provinces. Non-core areas are all
other districts. Standard errors are clustered at province-level.



Table A6: Residential Space, Housing Ownership, and Housing expenditure (Family Survey, 2012)

(1) (2) 3)
Residential Space Home ownership=1 Housing expenditure
(not home-owners)

Omitted Group: Couple, living in non-core

Core
Couple -2.068 -0.148%** 36.461%**
(1.339) (0.014) (11.981)
Single Men -42.792%H* -0.544%** -33.199*
(1.571) (0.026) (19.667)
Single Women -38.482%** -0.478%** -37.101%*
(2.539) (0.032) (20.670)
Others (single mom/dad) -22.065%** -0.361%** 21.562
(1.678) (0.023) (19.883)
Non-Core
Single Men -32.255%** -0.423%** -88.567F**
(2.300) (0.028) (15.653)
Single Women -22.529%#* -0.270%** -78.640%**
(2.537) (0.030) (17.976)
Others (single mom/dad) -15.946%** -0.224%%* -44.592%**
(1.592) (0.022) (12.502)
Observations 7,755 7,755 3,495
R-squared 0.082 0.096 0.020

Robust standard errors in parentheses
R p<0.01, ** p<0.05, * p<0.1
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Table A7: Changes in estimations according to the value of ¢ (%)

L 0 0.1 0.3 0.5 0.7 0.9 1
core Labor force participation cost -1874.03 -166.39 -43.16 -19.80 -10.12 -4.75 -2.83
core Relative Productivity -42.31 -39.42  -35.24 -32.82 -31.39 -30.59 -30.35
non-core Labor force participation cost -1611.42 -154.92 -49.23 -29.16 -21.01 -16.71 -15.27
non-core Relative Productivity -19.52 -17.70  -14.88 -13.01 -11.66 -10.63 -10.20

74



	Introduction
	Background
	Economic Geography of South Korea
	Gender Gap in Labor Market
	Why Women Sort into Different Sectors from Men?
	High-Speed Rail Expansion

	Model
	Location Choice of Households
	Firm: Gender-Segmented Intermediate Good Industries
	Housing Market
	Equilibrium: Gender Gap in Labor Market
	Prediction from the Model
	Comparative Statics: Impact of HSR

	Road Map: From Model to Empirics
	Data
	Empirical Strategy
	OLS Regression
	Instrumental Variable
	Non-random Placement of HSR
	Instrumental Variable: Old Railroad Stations in Japanese Colonial Rule
	IV estimation


	Main Results
	Effect of HSR construction on Local Employment and Population
	Impact of HSR on Employment and Wages by Genders

	Mechanism
	Predictions from the Model
	Impact of HSR Across Industries with Different Gender Intensity
	Impact of HSR on Endogenous Amenity
	Impact of HSR on Migration Decisions of Singles and Couple
	Data
	Empirical Strategy: Gravity Model of Migration Flow
	Results


	Quantifying the Mechanism: Structural Model
	Robustness Check
	Subset Analysis
	Without Sejong cities
	Without Districts in Big Cities
	Without Districts near North Korean Border

	Nevo and Rosen (2012)'s Identification with Imperfect Instruments

	Conclusion
	Appendix: Data
	Census on Establishment
	Population and Housing Census
	Internal Migration Statistics
	Korean Labor and Income Panel Study, KLIPS

	Appendix: Data Construction
	District-level Wage Index
	A Travel Time Matrix between Cities to Cities

	Appendix: Regression on Migration Flow

