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Motivation

I Cost of construction of Korean High Speed Rail (KTX) about
$ 27 billion USD
(Yonhap News 2016.9.21.)

I Few studies evaluating the overall impacts of KTX on local
economies

I Difficulty of doing empirical analysis at the sub-national level

I Ideal data are regional level balanced panel data
I Lack of county- or township-level GDP data
I Lack of high frequency data
I Frequent administrative unit changes
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Contribution of this paper

Contribution of this paper

I Novel data set of 20-year balanced panel with a local
economic activity measure

I Empirical analysis of the effects of KTX on local economic
activity
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Mixed evidence on the effects of High Speed Rail (HSR)

Positive impacts of HSR

I Better transportation infrastructure improves economic
activities

I Housing boom and new industrial parks

I (Sands, 1993; Banister and Berechman, 2003; Kwon 2014)

I Increase in firm productivity (Baek and Park 2015)

I New entry of firms, employment, productivity (Kim and Ahn 2009,

2013; Ahn and Kim 2009)
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Effects of High Speed Rail on Local Economic Activity

Negative impacts of HSR

I Economic activities being drained away from larger cities
(Whitelegg and Holzapfel, 1993; Thompson, 1995; Vickerman, 1997)

I Cancer patients switch to hospitals in larger cities (Kim et al.,

2010)

−→ Empirical investigation is needed for assessing overall effects
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Preview of Findings

I Introduction of the HSR system increases local economic
activities of rural townships near HSR stations by 10% in 10
years
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The KTX Network
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Data

I Township-level measure of economic activity

I National Oceanic and Atmospheric Administration (NOAA)
Night Time Light Data from Defense Meteorological Satellite
Program (DMSP), 1994-2013

I Reliable measure of local economic activities (Henderson et a.

2012; Donaldson and Storeygard 2016)

I lights-GDP elasticity of 0.3 (Henderson et a. 2012)

I About 600m × 600m pixel with light intensity 0-63

I Construction of a 20-year township level balanced panel data
set

I 1,265 townships × 20 years = 25,300 observations
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Data (cont.)

I Construction of a 20-year township level balanced panel data
set

I 1,265 townships × 20 years = 25,300 observations

I Distance between KTX stations and townships

I Location of KTX stations are geo-coded using KTX line maps

I Euclidean distance from the nearest KTX station

I Excluding Gangwon province, islands and urban districts
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World GDP and Light Intensity 1992-2013

Source: Kyoochul Kim. (2017) North Korean Economy Seen from the Sky,

KDI Policy Research Series Working Paper
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Raw Satellite Images 1994 & 2013

(a) 1994 (b) 2013
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Growth of Lights near Daegu & and Gimcheon

(c) 1994-2004 (d) 2004-2013
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GIS data: vector and raster

Vector: points, lines, polygons

Raster: satellite images, altitudes, land cover



Create outcome variable:

Proxy for economic activity using night time
satellite images
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Data preparation - download data set from NOAA
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Data preparation - download QGIS software
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Data preparation - load satellite images (drag and drop)
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Data preparation - download admin boundaries
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Data preparation - load admin. boundaries (drag and drop)
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Data preparation - zonal statistics
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Data preparation - zonal statistics (results)



Create explanatory variable:

Distance from the nearest KTX station
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Data preparation - load ktx stations (digitization)
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Data preparation - create centroids for admin units

Calculate linear distance (Point A to Point B)

KTX stations are points but admin. units are not

−→ create points for admin units (centroids)
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Data preparation - centroids for admin. units
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Data preparation - calculate linear distance
(distance matrix)
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Data preparation - distance matrix calculation results
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Final step

I Export created tables to CSV / Excel file

I Merge using ids with Stata

I Repeat for other years
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Raw Satellite Images 1994 & 2013

(e) 1994 (f) 2013
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Growth of Lights near Daegu & and Gimcheon

(g) 1994-2004 (h) 2004-2013
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Empirical Strategy

We use difference in differences approach

I Two groups

I Treatment: townships “closer” to KTX station

I Control: townships “further away” from KTX station

I −→ definition of “closer” will be discussed

I Causal effect of treatment (introduction of KTX)

I How economic activities of treatment group change compared
to control group?

−→ Before and after the introduction of KTX

I Important assumption

I The pre-trend of outcome should be parallel for both groups
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Empirical Strategy - Model 1

Difference in differences approach (treatment = 0 or 1)

LIGHTk,m,t = α0 + α1TREATk,m + α2POSTt

+ α3TREATk,m · POSTt

+ X ′
k,m,tΨ + τk + εk,m,t

I LIGHTk,m,t = average light intensity of township m in county
k, year t

I TREATk,m = 1 if KTX distance ≤ 34 kilometers (median
value)

I POSTt = post 2004 dummy

I τk = county fixed effects (No township effects yet)

I Distance measured from KTX stations in 2016

I Treatment was assumed to begin in 2004 (underestimated)
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Identification

I Key identifying assumption: common trends

I Trends of economic activity would be the same in both
treatment and control groups in the absence of treatment
(within the same county)

I Unobserved characteristics of rural units are inconsequential
to the choice of routes

I (Chandra and Thompson, 2000; Michaels, 2008; Redding and Turner,

2015)

I Endogenous selection of KTX stations

I KTX stations were built where the increased economic activity
is predicted

I Policy makers to choose KTX stations in 1990 where the
increase in economic activity in nearby townships would occur
exactly 14 years later
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Identification (cont.)

1. Did policy makers in 1990 predict the increased economic
activity in 2004?

I Planned operation year delayed multiple times due to financial
constraints (Moon and Kim 2012)

I Actual year of operation was 2004

2. Was the major determinant of the location of original KTX
stations increased future economic activity? (Korea Rail Network

Authority 2011; Moon and Kim 2012)

I Not likely (e.g., Daejeon, Daegoo, Kyungjoo)

3. What about newly established KTX stations?
I Began operation in 2010 (construction began in 2007, 2008)

I New stations announced in 2003

I Possible announcement effect (use Kangwon province to check)
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Results 1
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Table 1: Diff-in-Diffs Estimates of the Impact of the KTX on Light

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

treatment × post 2.3*** 2.3*** 2.3*** 2.3***
(0.28) (0.27) (0.55) (0.55)

Observations 25,300 25,300 25,300 25,300
R-squared 0.15 0.21 0.59 0.63

County FE X X
Covariate X X

Source: U.S. National Oceanic and Atmospheric Administration

night time light data, 1994-2013. Standard errors are clusted at the

county level.

*** p<0.01, ** p<0.05, * p<0.1.
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KTX Distance and Light Intensity
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Empirical Strategy - Model 2

Difference in differences approach (continuous treatment)

LIGHTk,m,t = δ0 + δ1DISTk,m + γt

+
∑

t λtDISTk,m · γt
+ X ′

k,m,tΘ + σk + ξk,m,t

I LIGHTk,m,t = average light intensity in county k, township m,
year t

I DISTk,m = KTX distance (kilometer)

I γt = year fixed effects

I σk = county fixed effects
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Results 2
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(1) Coeff. (1) S.E. (2) Coeff. (2) S.E.

1995 0.00 0.02 0.00 0.01
1996 -0.01 0.02 -0.01* 0.01
1997 0.01 0.01 0.01 0.01
1998 0.01 0.01 0.01** 0.01
1999 0.01 0.02 0.01 0.01
2000 -0.02 0.02 -0.02*** 0.01
2001 -0.04** 0.02 -0.04*** 0.01
2002 -0.04** 0.02 -0.04*** 0.01
2003 -0.01 0.01 -0.01 0.01
2004 -0.03* 0.02 -0.03** 0.01
2005 -0.01 0.02 -0.01 0.01
2006 -0.03* 0.02 -0.03** 0.01
2007 -0.05*** 0.02 -0.05*** 0.01
2008 -0.05*** 0.02 -0.05*** 0.01
2009 -0.06*** 0.02 -0.06*** 0.01
2010 -0.09*** 0.02 -0.09*** 0.02
2011 -0.09*** 0.02 -0.09*** 0.01
2012 -0.07*** 0.02 -0.07*** 0.02
2013 -0.08*** 0.02 -0.08*** 0.02

Observations 25,300 25,300
R-squared 0.21 0.70
County FE X
Covariate X

Source: U.S. National Oceanic and Atmospheric Administration night

time light data, 1994-2013. Standard errors are clusted at the county

level. *** p<0.01, ** p<0.05, * p<0.1.



40/57

Falsification Checks

I Increased economic activities near rail stations after 2004

I Use Gangwon Province without any KTX connections

I Distance to major rail stations and future KTX stations

I Use Jeju Island

I Proximity to Jeju International Airport
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Results 2
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Conclusions

Summary

I Evaluation the impact of HSR system on local economic
activity

I Introduction of novel panel data on local economic activity



43/57

Future work

I Economic growth or reorganization?

I Currently collecting data on population, business, etc.

I Mechanisms?

I Housing booms, new jobs, region-based policies

I Entry of firms, employment, productivity

I Plan to use population and land price data

I From light intensity to $ value
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Medical accessibility: trauma centers
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강릉시 유천동 (평창올림픽 이전과 이후)
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행안부 건물 데이터를 통해 올림픽 이후 새로 생긴 건물 identify
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행안부 건물 데이터를 통해 올림픽 이후 새로 생긴 건물 identify
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Digitizing 1918 road networks & NKPA attack routes
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Burchfield et al. 2006. QJE
Urban expansion in Miami (1976-1992)
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Marx et al. 2019. AEJ: Applied Economics
Roof types as a proxy for poverty

Shiny new roofs v.s. old roofs in villages in Kenya
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Varshney et al. 2015. Big Data
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Varshney et al. 2015. Big Data
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Jean et al. 2016. Science
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Jean et al. 2016. Science
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Naik et al. 2017 PNAS
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Naik et al. 2017 PNAS
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