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Notes: This map displays first-stage HST lines. Shaded areas represent regions that are treated - districts
whose centroids are located within 15 miles of the HST station.

Figure 1.1: Treated Regions
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the HST system occurred in two stages.6 The first-stage construction involved building

Gyeongbu HST Line connecting Seoul to Daegu and electrifying the existing Gyeongbu

Line connecting Daegu-Busan, as well as electrifying the existing Honam Line connecting

Daejeon-Mokpo.7 The second-stage HST system, which involved the construction of the

new Gyeongbu HST line connecting Daegu to Busan replacing the existing electrified tracks,

went into service in November of 2010. In this paper we only focus on the first-stage HST

system. Although the launch of the second-stage HST system enabled the HST to reach full

speed through Daegu-Busan corridor, this shock was much smaller in magnitude compared

to the shock generated by the first-stage HST system. Figure 1 displays two HST lines of

the first-stage HST system, Gyeongbu Line (blue) connecting Seoul-Busan and Honam line

(green) connecting Seoul-Mokpo. We define a “treatmented area” as an area located within 10

miles of the HST station. Shaded areas in Figure 1 represent treated areas whose centroids

are within 10 miles of a HST station.8

At the time of the launch in 2004, the HST operated 128 times per day (94 times on Gyeongbu

Line, and 34 times on the Honam Line), and the daily frequency increased to 163 in the

following years. HST fares were fixed and kept low, at approximately 55% of the corresponding

air fares for the same routes, to encourage the use of the HST.9 The HST system has reduced
6Note that here we are referring to the construction of Gyeongbu HST system. The construction of

additional HST systems were completed only after 2015. Additional electrified (existing) lines were added by
the end of 2010.

7Newly constructed links included 51.6 mi of viaducts and 47.0 mi of tunnels. Electrification of the existing
rail comprised of 82.5 mi across Daegu to Busan, 12.9 mi across Daejeon, and 164.3 mi from Daejeon to Mokpo
and Gwangju. First stage Gyeongbu HST stations include Seoul Station, Gwangmyeong, Cheonan-Asan,
Daejon, Dongdaegu stations, and the electrified Gyeongbu line connecting Dongdaegu and Busan includes
Miryang, Gupo and Busan stations. Honam line includes Yongsan station, Seodaejeon, Dungyae, Nonsan,
Iksan, Gimje, Jeongeub, Jangseong, Songjeongni, Gwangju, Naju, and Mokpo stations. There exists a depot
for HST along the Gyeongui Line at Haengsin station. Thus some HST services continue beyond Seoul and
Yongsan station and terminate at Haengsin station. For detailed information on HST services see Cho and
Chung (2008).

8The robustness of our 10-mile definition of treatment is discussed in Appendix C
9In addition to low regular prices, various discounts (60% off the regular passes and 20% off the reserved

tickets) were available to attract as many passengers as possible.
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the travel time from Seoul to Busan from more than 5 hours by car to 2 hours 40 minutes by

train.

1.3 Data

We rely on a number of data sources at the patient, hospital and city-county-district level.10

Our patient data comes from the National Health Insurance Services (NHIS) which is a health

insurance claims dataset collected by the single insurer system NHI (NHIS-2018-2-139). Our

data are of a nationally representative random sample, which accounts for approximately 2%

of the entire South Korean population for years 2003 to 2007. The data contain patient-level

information on medical procedures received at the hospitals. Detailed information on patient

demographics, diagnosis, patients’ location at the district level11 and hospital choice are

observed, as well as the date of admission, number of inpatient treatment days, and the

month/year of the patient’s death.

The identity of the hospitals in the NHIS dataset are anonymized and hospital location is

observable only at the provincial level. To get a more precise location of the hospitals, which

is essential for our analysis, we combine the NHIS dataset with that obtained from HIRA

(Health Insurance Review Assessment) which, in addition to the hospital characteristics in

the NHIS dataset, also provides hospital location at the district level12. The identity of the
10South Korea is made up of 17 first-tier administrative divisions (province level). These are further

subdivided into cities (si), counties (gun), districts (gu), towns (eup), townships (myeon), neighborhoods
(dong) and villages (ri). Once a country attains a population of at least 150,000, it becomes a city. Cities
with a population of over 500,000 are subdivided into districts. Districts are then further divided into
neighborhoods (dong). Cities with a population of less than 500,000 are directly diveded into neighborhoods
(dong).

11More precisely, patients’ locations are at the city-county-district level because some counties are not
populated enough to qualify for a city and hence are not sub-divided into districts.

12For the same reasons as discussed in footnote 11, hospitals’ locations are at the city-county-district level
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Pre-HST Post-HST
Mean SD Min Max Mean SD Min Max

Control Hospitals (N = 55 )

Total admissions 156 138.1 13 598 193.1 188.0 13 789
Hospital beds 567.3 296.3 99 1256 567.3 296.3 99 1256
Mortality rates 0.050 0.041 0 0.280 0.052 0.050 0 0.308

Treated Hospitals (N = 112)

Total admissions 243.9 256.4 17 1501 290 313 13 1943
Hospital beds 703.2 453.9 121 2993 703.2 453.9 121 2993
Mortality rates 0.043 0 0.176 0.040 0.040 0.029 0 0.176

Notes: hospital-treatment in this table is defined as being located within 15-miles of train stations

Table 1.1: Summary Statistics: Hospital Characteristics

hospitals in the HIRA dataset is also anonymized, but we are able to match this dataset to

NHIS dataset using hospitals characteristics.

Our sample selection process is as follows: To study the causal impact of increased competition

on the quality of clinical care, we define January 2003 to March 2004 as the pre-HST time

period and January 2006 to March 2007 as the post-HST time period. The data are collapsed

into pre- and post-HST period.

We focus on patients who underwent a surgery. Specifically, we consider all surgeries that

were conducted during this period that resulted in at least one death. Since our data is a 2%

sample of the entire population, 1 death in the data can be inferred as 50 deaths in the entire

population. Ideally we want to look at patients suffering from one specific illness, or who

underwent one specific type of surgery in order to minimize the contamination of hospital

quality (mortality rates) with patient selection.13 Constraining our analysis to a single type
13Gowrisankaran and Town (2003) look at pneumonia patients, Kessler and McClellan (2000), Propper et

al. (2004) look at acute myocardial infarction (AMI) patients, and Gaynor et al. (2016) look at patients
receiving coronary artery bypass grafting (CABG) surgery.
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Control Patients Treated Patients
Pre-HST Period Post-HST Period Pre-HST Period Post-HST Period

(Fractions of) Mean SD Mean SD Mean SD Mean SD
Female 0.490 0.450 0.486 0.500 0.497 0.500 0.483 0.500
Ages 0-19 Years 0.150 0.357 0.147 0.354 0.149 0.356 0.155 0.362
Ages 20-39 Years 0.188 0.391 0.167 0.373 0.213 0.410 0.177 0.382
Ages 40-59 Years 0.290 0.454 0.290 0.454 0.300 0.458 0.303 0.460
Ages 60-79 Years 0.328 0.470 0.344 0.475 0.299 0.458 0.320 0.466
Ages 80 Years + 0.044 0.204 0.052 0.221 0.039 0.194 0.044 0.206
Income Group 0-1 0.084 0.277 0.077 0.267 0.068 0.251 0.067 0.250
Income Group 2-4 0.198 0.399 0.188 0.391 0.186 0.389 0.179 0.383
Income Group 5-7 0.296 0.456 0.286 0.452 0.295 0.456 0.289 0.453
Income Group 8-10 0.422 0.494 0.449 0.497 0.451 0.498 0.465 0.499
Comorbidity 0.873 0.333 0.847 0.360 0.854 0.353 0.844 0.363
Nobs 18,639 22,431 17,252 20,664

Notes: patient-treatment in this table is defined as living within 10-miles of train stations

Table 1.2: Summary Statistics: Patient Characteristics

of surgery, however, leaves us with too few observations (too few patients as well as too few

hospitals). Limiting our attention to only one “category” of surgery (e.g. cardiovascular

surgery) also leaves us with too few observations. To attenuate the contamination of hospital

quality from pooling patients across multiple types of surgeries, we control for the riskiness of

each type of surgery as well as the patients’ diagnosed disease when obtaining the adjusted

mortality rates. Details of this procedure are provided in the Appendix A.

The key feature of our setting is that the entry of HST enables patients to exercise choice

among alternatives with different travel distances. To take advantage of this feature, we

drop the following patients who were less likely to exercise choice based on hospital location:

First, patients who arrived at the hospital via ambulance because the emergency ambulance

usually takes patients to a nearby hospital. Second, patients who arrived at the hospital via

intra-hopital transfer as it is the physician who makes the choice of the hospital in this case.

Next, we drop patients living on islands (Jeju and Ulleng Islands, as well as Shin-ahn and

Ong-jin Gun) because we are unable to calculate the travel time to hospitals by car and ferry
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for these patients, a necessary component for estimating our demand model and performing

counterfactuals.

We drop outpatient admissions, where the patient stayed at the hospital less than 24 hours to

ensure that the patients in our sample are sick enough. Following Tay (2003) and Ho (2006),

we exclude hospitals with fewer than 10 admissions per period, and we only keep hospitals

that appear in both pre- and post-HST periods to facilitate the comparison of hospital quality.

Our final sample consists of 167 hospitals and 78,986 patients.

In our setting, there are “Treated Hospitals” and “Treated Patients”. “Treated Hospitals” are

hospitals that are located within 15 miles of the HST station, and “Treated Patients” are

patients who live within 15 miles of the HST station. In our main analysis, we define Treated

Hospitals as hospitals that are located within 15 miles of the HST station unless otherwise

specified. For Treated Patients, we show descriptive statistics using both 10 mile and 15

mile definitions of treatment. In the Appendix, we show that our results hold consistently

even if we change the definition of treatment as being located within 5 miles, 10 miles, 20

miles. Table 1 and Table 2 provides summary statistics of hospital characteristics and patient

characteristics, respectively.14

In Table 1.3 we present descriptive evidence on changes in patients’ travel patterns following

the entry of HST. Panel A.1 reports the average travel distances (in miles) before-and after

the introduction of HST, defining patients living within 10 miles of the HST station as

treated. While there are no changes in travel distances for patient living in control regions,

patients living in treated regions clearly traveled further distances after the entry of the HST

(approximately 8 percent increase post HST). These differences become more salient when
14In our data we observe up to two diagnosis per patient, main diagnosis and sub-diagnosis. Since not all

patients have a sub-diagnosis, we construct a comorbidity dummy variable which takes value 1 if a patient
has a sub-diagnosis and 0 otherwise.
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we only focus on patients living in non-Seoul areas (Panel A.2): while there is no difference

in travel distance for patients living in control regions, the average travel distance increased

by 11 percent for patients living in treated regions.15 While the absolute difference in travel

time for treated patients before and after the HST may seem small, this change account to

approximately 10% increase in proportion of patients traveling beyond 50 miles (see Appendix

D)

Our final sample excludes patients who transferred from other hospital and who arrived at a

hospital via ambulance because these patients are less likely (if any) to exercise choice. If

the increase in travel distance for patients living in treated regions is a consequence of the

entry of the HST, we should not see changes in travel distance for patients who arrived at

hospitals via transfer or ambulance because these patients did not take the HST. Table 3

Panel A.3 reports the mean travel distances for patients who arrived at hospitals via transfer

or ambulance. As expected, we do not see changes in travel distance for patients living in

treated regions.

Panel B reports the average travel distances by period and region, defining patients living

within 15 miles of the HST station as treated. The patterns reported in this table are

consistent with those in Panel A.

15More precisely, we exclude Seoul and the surrounding metro area.
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Table 1.3: Descriptive Evidence of Changes in Travel Distance

Control Patients Treated Patients
Pre-HST Post-HST Pre-HST Post-HST

Distance Traveled Mean Mean %∆ Mean Mean ∆
(st.dev) (st.dev) t-stat (st.dev) (st.dev) t-stat

Panel A: Patient Treatment: within 10 miles of train station
A1. Excluding ambulance and transfer patients

27.338 27.825 1.78% 13.713 14.781 7.79%
(43.183) (43.295) t: 1.135 (36.365) (37.602) t: 2.797**

Nobs 18,639 22,431 17,252 20,664
A2. Excluding patients living in Seoul

29.601 29.704 0.35% 21.957 24.458 11.4%
44.344 44.313 t: 0.224 48.372 50.821 t: 3.192***

Nobs 16,867 20,520 7,587 8,557
A3. Ambulance and transfer patients

22.112 22.363 1.14% 11.096 9.3890 -15.4%
(36.525) (35.887) t: 0.114 (34.202) (25.805) t: 1.041

Nobs 387 853 478 901

Panel B: Patient Treatment : within 15 miles of train station
B1. Excluding ambulance and transfer patients

33.071 33.472 1.21% 13.334 14.128 5.95%
(46.240) (46.425) t: 0.747 (34.746) (35.567) t: 2.485**

Nobs 13,556 16,580 22,335 26,515
B2. Excluding patients living in Seoul

33.071 33.472 1.21% 19.963 21.113 5.76%
(46.240) (46.425) t: 0.7471 (44.109) (45.381) t: 1.9593*

Nobs 13,556 16,580 10,898 12,497
B3. Ambulance and transfer patients

28.190 25.529 -9.44% 10.652 10.079 -5.38%
(39.746) (37.536) t: 0.953 (32.310) (26.379) t: 0.396

Nobs 265 638 600 1,116
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1.4 Difference-in-Differences Estimation and Results

In this section we study the impact of hospital competition on the quality of clinical care using

a difference-in-differences approach. Specifically, we compare pre- and post-HST mortality

rates of hospitals that are located near the HST stations, using hospitals located further away

from the HST stations as the control group. Figure 2 plots the hospital-level raw mortality

rates by quarter for pre- and post-HST periods.16 From this figure, we can see that mortality

rates at the treated and control hospitals roughly follow a similar trend.

We first briefly describe our estimation strategy, and then proceed to describe the issue

concerning the use of raw mortality rates as a measure of hospital clinical quality, followed

by a description of how to resolve this problem. We then report our estimation results.

1.4.1 Difference-in-Differences

We analyze the impact of hospital competition on the quality of clinical care using difference-

in-differences estimator. Specifically, we estimate the equation as below:

Yjt = β0 + β1Postt + β2Treatedj · Postt + µj + εjt (1.1)

where Yjt denotes the quality of clinical care at hospital j in period t, Postt is a dummy

variable which equals 1 if post-HST period, Treatedj is a dummy variable which takes value 1

if hospital j is located in a treated region, Treatedj ·Postt is an interaction term of Treatedj
16In the following analysis, we collapse all the pre-HST and post-HST quarters into a single pre-HST

and post-HST period, respectively. If we calculate hospital-level mortality rates at the quarter level, many
hospitals are left with too few admissions per period, which makes estimating adjusted mortality rates
difficult.
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