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Differentiated Rail Accessibility and Housing-Price Capitalization around an 1 

Interchange Station: Evidence from Pangyo, South Korea 2 

 3 

Abstract 4 

Rail investment is often assumed to generate spatially uniform effects on transit-oriented 5 

development and housing markets. This study challenges that assumption by examining 6 

whether rail lines with different accessibility functions produce different patterns of housing-7 

price capitalization. Focusing on Pangyo Station in South Korea, where the Shinbundang 8 

Line and Gyeonggang Line opened sequentially, the study compares a core-oriented 9 

accessibility shock with a connectivity-expanding shock. Using apartment transaction data 10 

from 2007 to 2021, difference-in-differences models with apartment-complex and month 11 

fixed effects are estimated across distance bands around the station. The results show that the 12 

Shinbundang Line produced a localized capitalization pattern, with a significant price 13 

increase only in the 0.5–1.0 km band. In contrast, the Gyeonggang Line generated a broader 14 

spatial pattern, with significant price increases across the 0.0–1.5 km area. These findings 15 

suggest that rail-induced housing-price effects depend not only on station proximity but also 16 

on the functional role of the line within the metropolitan network. The study implies that rail-17 

led development and station-area planning should be differentiated according to the type of 18 

accessibility improvement produced by each line. 19 

Keywords: rail-led development; housing-price capitalization; transit-oriented development; 20 

station-area planning 21 

  22 



1. Introduction 23 

Transit-oriented development (TOD) is commonly understood as a planning approach 24 

that integrates land use and transport by concentrating relatively dense, mixed-use, and 25 

accessible development around transit nodes in order to reduce automobile dependence and 26 

enhance accessibility. In practice, however, TOD has also been used as a broader spatial 27 

strategy for restructuring urban and regional development. In South Korea, metropolitan-28 

scale planning has explicitly linked land development around major transit nodes to a public-29 

transport-oriented spatial structure, emphasizing transit passenger stations and subway 30 

stations as preferred locations for coordinated development (Korea Research Institute for 31 

Human Settlements, 2007). In the Paris region, the Grand Paris Express has been framed not 32 

merely as a transport project, but as an urban, social, and economic project intended to 33 

connect the major strategic territories and development poles of Île-de-France (Société du 34 

Grand Paris, 2018). In the United Kingdom, the Elizabeth line has likewise been evaluated 35 

not only in transport terms but also in relation to planning, regeneration, property-market 36 

change, and housing and employment growth around stations (Comber & Arribas-Bel, 2017; 37 

Transport for London & Department for Transport, 2022). In Japan, TOD has long been 38 

institutionalized through integrated railway and suburban development, with the Ministry of 39 

Land, Infrastructure, Transport and Tourism explicitly presenting railway-based urban 40 

development as a core model of urbanization and documenting the historical integration of 41 

railway construction and residential land development by private railway companies 42 

(Ministry of Land, Infrastructure, Transport and Tourism, 2024; Yajima & Ieda, 2020). These 43 

cases suggest that rail investment is not simply a means of reducing travel time, but a policy 44 

instrument through which states and metropolitan authorities attempt to reorganize 45 

accessibility, guide urban development, and reshape wider territorial structure (Cervero & 46 

Kockelman, 1997; Dittmar & Ohland, 2004). 47 



Among such investments, high-speed rail (HSR) has become especially important 48 

because it can compress travel time across wider territories than conventional urban transit 49 

and thereby reshape patterns of accessibility, development opportunity, and interregional 50 

interaction. The developmental significance of HSR lies not merely in faster movement, but 51 

in its capacity to reorganize spatial relations. By reducing effective distance between selected 52 

locations, HSR can widen commuting sheds, alter residential location preferences, and 53 

modify the geography of economic interaction. Prior studies have shown that transport 54 

infrastructure can influence urban and regional development through multiple channels, 55 

including accessibility enhancement, agglomeration effects, and changes in land and property 56 

markets. Real estate markets provide one of the most observable channels through which the 57 

benefits of accessibility improvement are capitalized, because housing prices respond 58 

sensitively to changes in locational advantage and network connectivity (Ahlfeldt & 59 

Feddersen, 2018; Debrezion et al., 2007; Gibbons & Machin, 2005; Givoni, 2006; 60 

Lakshmanan, 2011). 61 

At the same time, HSR effects are not spatially uniform. Existing research suggests 62 

that the impacts of rail accessibility vary by station context, network position, and 63 

metropolitan structure (Mohíno et al., 2019; Ureña et al., 2009). This point is especially 64 

important for TOD-oriented interpretation. If rail lines differ in their functional roles within a 65 

metropolitan or regional system, then the development outcomes associated with those lines 66 

may also differ. A line that primarily strengthens access to a dominant urban core may 67 

generate a different housing-market response from a line that broadens connectivity across 68 

outer or non-core areas. Recognizing such variation is important because a uniform 69 

understanding of rail-led development can obscure how different forms of accessibility 70 

reorganization are translated into land-use change, housing demand, and localized 71 

development pressure. 72 



The existing literature, however, still leaves an important gap. Prior studies have 73 

already shown that the development effects of HSR are not spatially uniform and vary 74 

according to station context, metropolitan integration, and the type of connection established 75 

by the line (Mohíno et al., 2019; Ureña et al., 2009). Research on rail and property markets 76 

has likewise demonstrated that accessibility gains can be capitalized into housing and land 77 

values, but that the magnitude and spatial reach of these effects differ across projects and 78 

local contexts (Chen & Haynes, 2015; Debrezion et al., 2007). However, much of this 79 

literature has examined either broad inter-city effects, average station effects, or single-line 80 

impacts in settings where line function, neighborhood context, and local market structure are 81 

difficult to disentangle. As a result, the literature provides limited evidence on whether rail 82 

lines with different functional roles produce different capitalization patterns within the same 83 

local housing market. This limitation is analytically important because treating rail 84 

investment as a homogeneous intervention risks obscuring how different forms of 85 

accessibility reorganization are translated into differentiated housing-market responses and 86 

station-area development dynamics (Debrezion et al., 2007; Mohíno et al., 2019). 87 

This study examines the housing-price effects of two rail systems in South Korea that 88 

intersect at Pangyo Station but differ in their functional roles within the wider network. More 89 

specifically, the study compares a line that primarily strengthens access to the metropolitan 90 

core with a line that broadens regional connectivity, and asks whether these differentiated 91 

accessibility shocks generate different spatial patterns of housing-price capitalization. To do 92 

so, the analysis uses a quasi-experimental difference-in-differences framework combined 93 

with distance-band comparisons around the station area, allowing the study to trace how the 94 

capitalization effect of each line varies across space within a shared local housing market. 95 

Because both lines are anchored at the same interchange node, the analysis does not claim to 96 

isolate the general effect of rail-line function independent of the Pangyo-specific setting. 97 



Rather, it uses the sequential openings at Pangyo Station to examine whether a core-oriented 98 

accessibility shock and a connectivity-expanding shock are associated with different spatial 99 

patterns of housing-price capitalization under a common local market context. In this way, 100 

the study contributes to the literature by moving beyond the assumption of rail homogeneity, 101 

linking differentiated line functions to localized property-market responses, and providing 102 

cautious empirical evidence on how different forms of accessibility improvement may be 103 

capitalized in station-area housing markets. 104 

The remainder of this paper is organized as follows. Section 2 reviews the theoretical 105 

and empirical literature on TOD, HSR, accessibility capitalization, and differentiated line 106 

functions. Section 3 presents the study area, data, variables, and empirical strategy. Section 4 107 

reports empirical results. Section 5 discusses the main findings and draws out their theoretical 108 

and policy implications. Section 6 concludes. 109 

 110 

2. Theoretical framework: rail accessibility, housing-price capitalization, and 111 

differentiated line functions 112 

TOD provides a useful conceptual starting point for understanding how transport 113 

infrastructure reshapes urban form and land markets. In its broadest sense, TOD emphasizes 114 

the integration of transport and land use through relatively dense, mixed-use, and accessible 115 

development around transit nodes in order to reduce automobile dependence and improve 116 

accessibility (Cervero & Kockelman, 1997; Dittmar & Ohland, 2004). Although TOD has 117 

most often been discussed in relation to urban and metropolitan transit, its core logic is also 118 

relevant to HSR where major station areas function not only as transport nodes but also as 119 

strategic sites of land-use intensification, redevelopment, and regional integration (Dittmar & 120 

Ohland, 2004; Givoni, 2006). In this respect, HSR can be understood not simply as transport 121 



technology, but as infrastructure with the potential to influence station-area development, 122 

locational advantage, and wider urban-regional structure. 123 

The relevance of HSR to urban and regional development stems from its capacity to 124 

reduce effective distance across space. By sharply improving accessibility between selected 125 

locations, HSR can alter commuting possibilities, widen labor-market interactions, and 126 

reshape the geography of agglomeration (Ahlfeldt & Feddersen, 2018; Lakshmanan, 2011). 127 

Prior studies have shown that transport infrastructure investments can generate broader 128 

economic consequences through changes in accessibility, productivity, and interaction costs, 129 

and HSR is often treated as a particularly powerful form of such intervention because of its 130 

speed, capacity, and regional reach (Givoni, 2006; Lakshmanan, 2011). However, these 131 

development effects do not arise uniformly across space. Rather, they depend on where 132 

stations are located, how lines are embedded in broader metropolitan and regional systems, 133 

and what kinds of accessibility gains they generate (Mohíno et al., 2019; Ureña et al., 2009). 134 

For this reason, HSR should not be treated as a spatially homogeneous intervention. 135 

Even when lines belong to the same broad HSR family, their developmental effects may 136 

differ according to functional role and network orientation. Some lines primarily strengthen 137 

access to dominant urban cores by connecting peripheral or suburban areas to central 138 

employment concentrations. Other lines improve connectivity between non-core nodes or 139 

extend accessibility across a wider regional geography. These differences matter because 140 

accessibility gains are translated into land and housing markets through context-specific 141 

capitalization processes rather than through a single uniform mechanism (Debrezion et al., 142 

2007; Gibbons & Machin, 2005). In other words, the same general type of infrastructure may 143 

generate different spatial patterns of price response depending on how it restructures relative 144 

accessibility. 145 



Building on this premise, this study uses a functional distinction between core-146 

oriented accessibility improvement and connectivity-expanding accessibility improvement. 147 

The first type primarily reinforces accessibility to major urban cores, thereby potentially 148 

generating stronger capitalization in locations where improved access to established 149 

employment and service centers is especially valuable. The second type primarily broadens 150 

connectivity across outer areas or between non-core nodes, thereby potentially diffusing 151 

accessibility gains over a wider catchment. This distinction is not intended to classify HSR 152 

systems in general or to isolate line-function effects independently of local context. Rather, it 153 

provides an analytical framework for examining whether two sequential rail openings at the 154 

same interchange node are associated with different housing-market responses. Such a 155 

perspective is consistent with prior research showing that the urban effects of HSR vary 156 

according to network integration, metropolitan position, and station context (Mohíno et al., 157 

2019). 158 

A key mechanism through which these differentiated effects can be observed is 159 

property-value capitalization. In urban and transport economics, housing prices are widely 160 

used to capture the value of accessibility because they reflect households’ willingness to pay 161 

for locational advantages created by transport improvements (Gibbons & Machin, 2005). A 162 

large body of research has shown that rail investments can be capitalized into real estate 163 

prices, although the magnitude and spatial extent of such effects vary across markets and 164 

project types (Debrezion et al., 2007). This logic also applies to HSR. Empirical studies have 165 

found that HSR can affect housing values by changing the accessibility and relative 166 

attractiveness of locations, though the direction and strength of the effect depend on local 167 

conditions, network position, and the scale of improvement (Chen & Haynes, 2015). 168 

Therefore, housing prices offer an analytically appropriate outcome through which to 169 

examine whether different HSR line functions produce different development effects. 170 



From a TOD perspective, these capitalization patterns are substantively meaningful 171 

because they indicate how transport investment may translate into differentiated station-area 172 

and corridor-level development pressures. If one HSR type generates steeper price effects 173 

near stations while another produces broader but more spatially diffuse effects, then a 174 

uniform planning response may fail to match the underlying accessibility logic of each line. 175 

Examining such heterogeneity is particularly relevant in South Korea, where HSR-related 176 

investment has been tied not only to transport efficiency but also to broader efforts to 177 

improve territorial connectivity and support more balanced spatial development. Against this 178 

background, this study asks how housing-price capitalization patterns differ between a core-179 

oriented accessibility shock and a connectivity-expanding accessibility shock within a shared 180 

local housing market. 181 

RQ. How do housing-price capitalization patterns differ between a core-oriented 182 

accessibility shock and a connectivity-expanding accessibility shock? 183 

 184 

3. Research methods 185 

3.1. Study area 186 

This study focuses on Pangyo Station and its surrounding apartment market in 187 

Bundang-gu, Seongnam, within the southeastern part of the Seoul metropolitan area. Pangyo 188 

provides an analytically useful setting because it serves as a shared interchange node for two 189 

rail services that differ in their functional roles within the wider regional network: the 190 

Shinbundang Line (SBD) and the Gyeonggang Line (GG). This shared-node configuration 191 

makes it possible to compare differentiated housing-price capitalization patterns under a 192 

common local market context rather than across fundamentally different station 193 

environments. At the same time, this setting should be understood as a single-node research 194 



design rather than as a design that fully separates line-function effects from Pangyo-specific 195 

market dynamics. In this respect, Pangyo is not simply another station area. It is a 196 

metropolitan node where distinct accessibility functions were introduced sequentially within 197 

the same neighborhood context. 198 

The first rail shock examined in this study is the SBD. The SBD primarily 199 

strengthened direct access between Pangyo and the Gangnam Business District (GBD), which 200 

is one of the most important employment and commercial centers in the Seoul metropolitan 201 

area. Before the line opened, travel from Pangyo to the GBD typically took about 45 minutes, 202 

but the opening of the SBD reduced this travel time to approximately 16 minutes (Ministry of 203 

Land, Infrastructure and Transport, 2016). The opening of the SBD therefore represented a 204 

discrete improvement in core-oriented metropolitan accessibility and increased the relative 205 

locational advantage of residential areas near Pangyo Station. Table 1 summarizes the major 206 

implementation milestones of the project, including the proposal for private investment in 207 

2006, the concession agreement in 2009, the start of construction in 2011, and the opening of 208 

Phase 1 (Gangnam–Jeongja) in 2011 (Gyeonggi Railroad Co., Ltd., 2024). For the purposes 209 

of the empirical analysis, the opening of Phase 1 of the SBD on October 28, 2011, is treated 210 

as the first opening-based accessibility shock. 211 

Table 1. Major implementation milestones of the Shinbundang Line. 212 

Date Project details 

September 28, 2006 Proposal for a private investment project 
November 26, 2008 Designation of the preferred negotiation partner 
December 29, 2009 Concession agreement signed 

December 30, 2010 Approval of the implementation plan 

February 8, 2011 Construction commenced 

October 28, 2011 Opening of phase 1 (Gangnam–Jeongja) 
 213 

The second rail shock is the GG. In contrast to SBD, the GG did not primarily 214 

reinforce access to the metropolitan core. Instead, it expanded connectivity between Pangyo 215 



and eastern outer areas, including Yeoju, and was later extended toward Gangneung. 216 

Analytically, the importance of the GG lies not in introducing a wholly separate station 217 

environment, but in adding a second and functionally distinct layer of accessibility at the 218 

same node. Whereas the SBD intensified core-oriented access to an established metropolitan 219 

employment center, the GG broadened regional connectivity beyond the core. The Pangyo–220 

Yeoju section opened on September 24, 2016, followed by the Wonju–Gangneung extension 221 

in December 2017 (Ministry of Land, Infrastructure and Transport, 2017). For the purposes of 222 

the empirical analysis, the opening of the Pangyo–Yeoju section on September 24, 2016, is 223 

treated as the second opening-based accessibility shock. 224 

Table 2. Major implementation milestones of the Gyeonggang Line. 225 

Date Project details 

November 25, 2006 Construction started in the Seongnam section 

... ... 
November 29, 2015 Preliminary feasibility study approved for Wolgot–Pangyo section 

September 24, 2016 Pangyo–Yeoju section opened to the public 

December 22, 2017 Seowonju–Gangneung section opened to the public 

 226 

This setting is particularly valuable because it allows the analysis to compare two 227 

sequential rail openings with different accessibility functions within the same local housing 228 

market. The study does not treat the two lines as equivalent transport interventions. Rather, it 229 

interprets them as distinct accessibility shocks: the SBD as a core-oriented shock that 230 

strengthened access to the metropolitan center, and the GG as a connectivity-expanding shock 231 

that widened access across a broader regional geography. Figure 1 illustrates the route 232 

structure of the two lines and the position of Pangyo Station within the network. By 233 

examining both lines at the same interchange node, this study can assess whether different 234 

rail functions are associated with different spatial patterns of housing-price capitalization 235 

around the station area. 236 



 237 

Figure 1. Route map of the Shinbundang and Gyeonggang lines. 238 

 239 

3.2. Data and analytical scope 240 

The empirical analysis uses apartment transaction records from the Ministry of Land, 241 

Infrastructure and Transport’s Real Transaction Price Disclosure System, which provides 242 

transaction-level information on housing transactions in South Korea. The raw dataset 243 

includes the transaction date, transaction price, floor area, floor level, construction year, and 244 

apartment-complex address. Apartments were selected as the analytical housing type for two 245 

reasons. First, apartments are the most prevalent housing type in South Korea. According to 246 

the 2023 Population and Housing Census, 53.1% of general households resided in 247 

apartments, and recent official statistics likewise identify apartments as the dominant 248 

residential form in the Korean housing system (Statistics Korea, 2024). Second, apartments 249 

provide a more standardized housing product than detached or low-rise multi-family housing, 250 

which makes them particularly suitable for quasi-experimental analysis of accessibility 251 

capitalization because unit characteristics are more readily comparable across transactions. 252 

This choice is also consistent with prior research that uses apartment or housing transaction 253 

prices to identify the capitalization of transport and development-related accessibility changes 254 

into residential property values (Gibbons & Machin, 2005; Hyun & Milcheva, 2019). 255 

Spatially, the analysis is restricted to apartment transactions located within a 2.5 km 256 

radius of Pangyo Station. This boundary was chosen to preserve a local comparison frame 257 



within the same station-area housing submarket while allowing sufficient spatial variation to 258 

examine heterogeneous capitalization patterns across distance bands. Prior research shows 259 

that rail-induced property value effects are not spatially uniform but generally decay with 260 

increasing distance from stations (Debrezion et al., 2007), and rail-access premiums tend to 261 

be concentrated relatively near stations and rarely extend far beyond roughly 2 km (Rennert, 262 

2022). 263 

The study area is further divided into 500 m distance bands as shown in Figure 2. This 264 

banded specification was adopted for both substantive and methodological reasons. 265 

Substantively, accessibility benefits from rail stations are experienced over relatively short 266 

walking distances, so a 500 m interval provides a meaningful spatial scale at which 267 

households are likely to perceive differences in station proximity. Methodologically, prior 268 

studies suggest that capitalization effects often vary nonlinearly over space, with steeper 269 

gradients in near-station areas and weaker or mixed effects farther away, making discrete 270 

distance bands more informative than a single continuous distance term (Debrezion et al., 271 

2007; Hyun & Milcheva, 2019). Accordingly, the outermost 2.00–2.50 km ring is treated as a 272 

conservative outer comparison ring within the same local housing submarket, where 273 

capitalization effects are expected to be substantially weaker than in the inner bands. This 274 

outer ring is not assumed to be completely unaffected by station-area accessibility changes; 275 

rather, it provides a relative comparison group for examining spatially differentiated price 276 

changes within the same local market. 277 



 278 

Figure 2. Apartment complex distribution near Pangyo Station. 279 

 280 

Temporally, the descriptive scope and the estimation scope should be distinguished 281 

explicitly. For descriptive purposes, the full sample covers January 2007 to June 2021 within 282 

the 2.5 km boundary. In the final monthly difference-in-differences specification, however, 283 

narrower equal pre- and post-opening windows are used, and the month of line opening itself 284 

is excluded as a one-month buffer period. For the SBD, the estimation window is defined as 285 

January 2007 to September 2011 for the pre-period, October 2011 as the buffer period, and 286 

November 2011 to July 2016 for the post-period. For the GG, the corresponding window is 287 

December 2011 to August 2016 for the pre-period, September 2016 as the buffer period, and 288 

October 2016 to June 2021 for the post-period. 289 

 290 

3.3. Variables 291 

The dependent variable is the natural logarithm of the apartment transaction price per 292 

exclusive-use area. This specification was adopted because housing-price capitalization is 293 



commonly examined using unit prices that normalize for size differences across dwellings, 294 

while the log transformation reduces skewness and allows estimated coefficients to be 295 

interpreted approximately as percentage changes. The dependent and explanatory variables 296 

are summarized in Table 3. In transport and urban economics, housing prices are widely used 297 

as an outcome variable because they reflect households’ willingness to pay for accessibility 298 

improvements created by transport investments (Debrezion et al., 2007; Gibbons & Machin, 299 

2005). 300 

The key explanatory variables consist of spatial, temporal, and interaction terms. 301 

First, the spatial variable measures residential location relative to Pangyo Station using 500 m 302 

distance bands within a 2.5 km radius. In the full analytical sample, transactions are 303 

distributed across five rings: 0.00–0.50 km, 0.50–1.00 km, 1.00–1.50 km, 1.50–2.00 km, and 304 

2.00–2.50 km. Each spatial band is operationalized as a dummy variable that takes the value 305 

of 1 if a transaction belongs to the corresponding distance band and 0 otherwise. In the DiD 306 

estimation, the outermost 2.00–2.50 km band is omitted as the reference category. 307 

Accordingly, the coefficients on the included spatial dummies indicate how the baseline price 308 

level of each inner band differs from that of the 2.00–2.50 km comparison ring. In the fixed-309 

effects specification, however, these time-invariant distance-band main effects are absorbed 310 

by apartment-complex fixed effects and are therefore not separately estimated. 311 

Second, the temporal variable is coded separately for each rail shock. For the SBD 312 

model, the monthly DiD sample uses a pre-opening period from January 2007 to September 313 

2011, excludes October 2011 as a gap month, and defines the post-opening period as 314 

November 2011 to July 2016. For the GG model, the pre-opening period runs from December 315 

2011 to August 2016, September 2016 is excluded as a gap month, and the post-opening 316 

period is defined as October 2016 to June 2021. This temporal variable is also specified as a 317 

dummy variable: it takes the value of 1 for observations in the post-opening period of the 318 



Table 3. Variables 319 

Category Variable Unit Description Mean SD Min Max 

Dependent 
variable 

Apartment price 
10,000 
KRW/m² Natural log of transaction price divided by 

exclusive-use area 

828.59 
319.5
6 

50.87 2,540.67 

Log-transformed 
apartment price 

ln(10,000 
KRW/m²) 6.66 0.35 3.93 7.84 

Key 
explanatory 
variables 

Spatial 
variable 

0.00–0.50 km Dummy 
1 if located within 0.00–0.50 km of Pangyo 
Station, 0 otherwise 

0.05 0.21 0 1 

0.50–1.00 km Dummy 
1 if located within 0.50–1.00 km of Pangyo 
Station, 0 otherwise 

0.07 0.25 0 1 

1.00–1.50 km Dummy 
1 if located within 1.00–1.50 km of Pangyo 
Station, 0 otherwise 

0.29 0.46 0 1 

1.50–2.00 km Dummy 
1 if located within 1.50–2.00 km of Pangyo 
Station, 0 otherwise 

0.20 0.4 0 1 

2.00–2.50 km Dummy 
1 if located within 2.00–2.50 km of Pangyo 
Station, 0 otherwise 

0.39 0.49 0 1 

Temporal 
variable 

Post-SBD Dummy 1 in the post-opening period of the SBD estimation window, 0 in the corresponding pre-opening 
period 

 

0.39 0.49 0 1 

Post-GG Dummy 
1 in the post-GG period, 0 in the post-
SBD/pre-GG period 

0.42 0.49 0 1 

Interactio
n 
variable 

Distance 
band × 
opening 

Dummy 
Differential opening effect for each band 
relative to the 2.00–2.50 km band 

- - - - 

Control 
variables 

Area m2 Exclusive use area 95.42 36.39 28.16 265.55 

Floor Floor Floor level of the transacted apartment unit 9.37 6.24 1 35 

Building age Years Transaction year – construction year +1 18.57 7.63 1 31 

Centralized building 
age 

Years Building age centered at the sample mean –1.12 7.63 –18.69 11.31 



Abbreviations. SBD = Shinbundang Line; GG = Gyeonggang Line 

Note. N = 28,474 

320 



relevant rail line and 0 for observations in the corresponding pre-opening period. Therefore, 321 

the coefficient on the temporal dummy captures the average before-and-after price change in 322 

the reference group, namely the outer 2.00–2.50 km ring, between the two time periods. 323 

Third, the differential opening effect is estimated through interaction terms between 324 

the spatial bands and the post-opening indicator. In substantive terms, these interactions 325 

measure whether price changes after each rail opening were larger or smaller in the inner 326 

distance bands than in the outer comparison ring. More specifically, each interaction term 327 

equals 1 only for observations that belong both to a given spatial band and to the post-328 

opening period, and 0 otherwise. The coefficient on each interaction term therefore represents 329 

the additional post-opening change in that distance band relative to the post-opening change 330 

observed in the reference group. In other words, these coefficients show whether the 331 

differential post-opening price change in each inner band is greater than, smaller than, or 332 

statistically indistinguishable from the change observed in the 2.00–2.50 km comparison ring. 333 

The control variables included in the final specification are limited to four structural 334 

housing attributes: exclusive-use area, floor level, building age, and the squared term of 335 

building age. Area, floor, and building age capture basic structural heterogeneity across 336 

apartment transactions. The squared age term is included to allow the price–age relationship 337 

to be non-linear, which is common in hedonic property models. Prior research shows that age 338 

effects often do not follow a simple linear depreciation pattern, and that property values may 339 

reflect both the declining use value of aging structures and, in some contexts, the 340 

redevelopment option associated with older properties (Clapp & Lindenthal, 2022). 341 

 342 



3.4. Model specification 343 

3.4.1. Difference-in-differences model 344 

The empirical strategy uses a difference-in-differences (DiD) design to estimate how 345 

apartment prices changed after each rail opening across distance bands from Pangyo Station. 346 

The basic logic of DiD is to compare the before-and-after change in the treated group with 347 

the contemporaneous change in a comparison group. Under the parallel-trends assumption, 348 

this comparison can be interpreted as a treatment effect after differencing out time-invariant 349 

group differences and period-specific shocks common to all groups (Abadie, 2005; Callaway 350 

& Sant’Anna, 2021). 351 

This study estimates two separate equal window DiD models rather than a single 352 

pooled model. One model is estimated for the SBD opening, and the other is estimated for the 353 

GG opening. This design was chosen because the two openings occurred at different times 354 

and under different network conditions, so each shock is examined within its own balanced 355 

pre- and post-opening window. For each rail shock, the opening month itself is excluded as a 356 

one-month transition buffer to avoid mixing anticipatory and immediate adjustment effects 357 

into either the pre- or post-period. Because the two projects had long planning and 358 

construction histories, the opening-based design is interpreted as capturing price changes 359 

around the start of service rather than the full capitalization process from the earliest 360 

announcement or planning stage. The monthly baseline specification is as follows. 361 

ln( ௜ܲ௧) = ߙ ௕௕≠௥ߚ∑+ ௜௕݀݊ܽܤ݁ܿ݊ܽݐݏ݅ܦ) × (௧ݐݏ݋ܲ + ′௜௧܆ ߠ + ௜ߤ + ߬௧ +  ௜௧ 365ߝ

where ௜ܲ௧is the apartment transaction price per exclusive-use area for apartment complex ݅in 362 

month ݐ, and ln( ௜ܲ௧)is its natural logarithm. ݀݊ܽܤ݁ܿ݊ܽݐݏ݅ܦ௜௕denotes the set of distance-band 363 

indicators, where ܾindexes the 500 m rings and the outer 2.00–2.50 km band is omitted as the 364 



reference category ݐݏ݋ܲ .ݎ௧equals 1 in the post-opening period of the relevant rail shock and 366 

0 in the corresponding pre-opening period. X௜௧is a vector of transaction-level housing 367 

controls, including exclusive-use area, floor level, building age, and the squared term of 368 

building age. ߤ௜denotes apartment-complex fixed effects, ߬௧denotes month fixed effects, and 369 ߝ௜௧is the error term. Standard errors are two-way clustered by apartment complex and month.  370 

The coefficients of substantive interest are the interaction terms, ߚ௕. Each ߚ௕captures 371 

whether apartment prices in distance band ܾchanged more or less after the relevant rail 372 

opening than prices in the outer 2.00–2.50 km comparison ring. In other words, the 373 

interaction coefficients represent differential post-line opening price changes across space 374 

within the same local housing submarket. These coefficients should therefore be interpreted 375 

as relative spatial differences in post-opening price changes. 376 

This fixed-effects specification is appropriate because apartment-complex fixed 377 

effects absorb all time-invariant characteristics of each complex, while month fixed effects 378 

absorb shocks common to all transactions in each month. In panel DiD settings, unit fixed 379 

effects remove time-invariant heterogeneity and time fixed effects remove period-specific 380 

shocks shared across units (Abadie, 2005; Callaway & Sant’Anna, 2021). 381 

Accordingly, although the spatial and temporal dimensions are conceptually defined 382 

using distance-band dummies and post-opening indicators, their main effects are not 383 

separately identified in the final fixed-effects specification. The distance-band indicators are 384 

time-invariant at the apartment-complex level and are therefore absorbed by the apartment-385 

complex fixed effects. Likewise, the post-opening indicator is common to all observations 386 

within a given month and is therefore absorbed by the month fixed effects. As a result, the 387 

coefficients of substantive interest are the interaction terms between distance bands and the 388 

post-opening period. These interaction terms estimate whether apartment prices in each inner 389 



distance band changed more or less than prices in the outer comparison ring after the rail 390 

opening, net of time-invariant complex characteristics and month-specific common shocks. 391 

 392 

3.4.2. Parallel-trend diagnostic 393 

The credibility of the difference-in-differences design depends on the parallel-trends 394 

assumption. The parallel-trends assumption states that the average change in untreated 395 

potential outcomes would have been the same across treated and comparison groups over 396 

time. In substantive terms, this assumption means that, in the absence of the rail opening, 397 

apartment prices in the inner distance bands and those in the outer comparison ring would 398 

have followed the same average time trend, even if their price levels differed at baseline 399 

(Abadie, 2005; Callaway & Sant’Anna, 2021). At the same time, this assumption is not 400 

directly testable in a strict causal sense because the untreated counterfactual path for the 401 

treated group is never observed. Researchers can inspect pre-treatment outcome patterns to 402 

assess whether the treated and comparison groups exhibit conspicuous divergence before 403 

treatment, but such evidence remains diagnostic rather than conclusive. In particular, recent 404 

methodological work emphasizes that conventional pre-trend tests often have low statistical 405 

power, so a failure to reject the null of no pre-trend does not by itself establish that the 406 

parallel-trends assumption holds (Roth, 2022). Moreover, event-study estimates can be 407 

informative about possible anticipation effects or visible pre-treatment divergence, but they 408 

cannot prove that the treated group’s unobserved counterfactual trend was truly parallel to 409 

that of the comparison group (Marcus & Sant’Anna, 2021; Roth, 2022). 410 

For that reason, this study treats the event-study exercise as a parallel-trend diagnostic 411 

rather than a formal test of identification. The specification replaces the single post-opening 412 

indicator with a sequence of leads and lags relative to the opening period and interacts them 413 



with the distance-band indicators. This diagnostic is estimated separately for the SBD and the 414 

GG. The event-study uses a quarterly specification because the number of observations in 415 

some inner distance bands is too limited to support a stable monthly diagnostic. When 416 

transaction counts are sparse, highly disaggregated event-time estimates can become 417 

excessively noisy, making it difficult to distinguish meaningful pre-treatment movement from 418 

sampling volatility. Quarterly aggregation therefore provides a more stable and interpretable 419 

diagnostic presentation for assessing whether strong pre-opening divergence is evident across 420 

distance bands. Accordingly, this study employs an event-study specification as a parallel-421 

trend diagnostic: 422 

ln( ௜ܲ௧) = ߙ +∑ ∑ ௕௞௞≠−1௕≠௥ߜ ௜௕݀݊ܽܤ݁ܿ݊ܽݐݏ݅ܦ) × (௞௧݁݉݅ܶݐ݊݁ݒܧ + X௜௧′ ߠ + ௜ߤ + ߬௧ +  ௜௧ 423ߝ

where ௜ܲ௧is the apartment transaction price per exclusive-use area for apartment 424 

complex ݅at time ݀݊ܽܤ݁ܿ݊ܽݐݏ݅ܦ ,ݐ௜௕ denotes the set of 500 m distance-band indicators, ݎis 425 

the omitted outer 2.00–2.50 km reference ring, and ݁݉݅ܶݐ݊݁ݒܧ௞௧indicates event time 426 ݇relative to the rail opening. The period immediately before opening (݇ = −1)is omitted as 427 

the reference period. The coefficients ߜ௕௞trace how the price gap between each inner band 428 

and the outer comparison ring evolves before and after the opening. Under a more credible 429 

DiD design, the pre-opening coefficients should not display strong or systematic directional 430 

movement relative to zero. 431 

In the present study, the quarterly event-study figures provide diagnostic evidence that 432 

is broadly consistent with the DiD design (Figures 3 and 4). For the SBD, the pre-opening 433 

coefficients in the outer and intermediate bands remain relatively stable overall, although 434 

some closer bands display short-run fluctuation. For the GG, the pre-opening patterns are also 435 

not perfectly flat across all bands, but they do not indicate a level of systematic pre-treatment 436 



divergence that would clearly invalidate the empirical design. Accordingly, the quarterly 437 

event-study is interpreted here as providing limited but useful diagnostic support for the DiD 438 

framework, while also indicating that estimates for the closest bands warrant more cautious 439 

interpretation. These results suggest that the parallel-trends assumption is not clearly 440 

contradicted at the quarterly level, especially for the outer and intermediate rings. At the same 441 

time, the nearest bands exhibit greater volatility and should therefore be interpreted with 442 

additional caution, particularly because thin observations in some pre-opening periods may 443 

make highly disaggregated pre-trend estimates more sensitive to sampling variability. 444 

 445 

 446 

Figure 3. Quarterly event-study estimates of apartment price effects around the 447 

Shinbundang Line by 500 m distance bands (reference: 2.0–2.5 km). 448 

 449 

 450 

Figure 4. Quarterly event-study estimates of apartment price effects around the 451 

Gyeonggang Line by 500 m distance bands (reference: 2.0–2.5 km). 452 

 453 



4. Results 454 

4.1. Descriptive statistics 455 

Table 4 presents descriptive statistics for apartment transactions across the three study 456 

phases: pre-SBD, post-SBD/pre-GG, and post-GG. The mean apartment price per exclusive-457 

use area increased from 623.65 to 680.36 (10,000 KRW/m²) between the pre-SBD and post-458 

SBD/pre-GG phases, and then rose further to 1,057.67 in the post-GG phase. The 459 

corresponding mean of the log-transformed apartment price also increased monotonically 460 

from 6.42 to 6.50 and then to 6.91. The descriptive characteristics of traded apartments also 461 

changed across phases. Mean exclusive-use area increased from 90.17 m² in the pre-SBD 462 

period to 94.51 m² in the post-SBD/pre-GG period and 98.66 m² in the post-GG period. Mean 463 

floor level rose slightly from 9.06 to 9.41 and 9.47, while mean building age remained similar 464 

between the first two phases at around 17 years and then increased to 20.52 years in the post-465 

GG period.  466 

Table 5 reports the distribution of transaction volumes across 500 m distance bands. 467 

Before the SBD opening, transactions were heavily concentrated in the outer rings, especially 468 

the 2.0–2.5 km band, which accounted for 2,693 of 5,495 transactions, or approximately 469 

49.0% of the total. In the same period, no transactions were recorded in the 0.0–0.5 km band, 470 

and only 113 transactions occurred in the 0.5–1.0 km band. After the SBD opening, the 471 

number of transactions increased substantially to 10,967, and the inner rings began to account 472 

for a larger share of transactions, including 523 transactions in the 0–0.5 km band and 938 in 473 

the 0.5–1.0 km band. In the post-GG phase, total transaction volume increased further to 474 

12,012, with continued concentration in the 1.0–1.5 km and 2.0–2.5 km bands. This 475 

descriptive evidence indicates that both prices and transaction volumes changed substantially 476 

over time. It also shows that the spatial distribution of transactions was uneven across phases.  477 



Table 4. Descriptive statistics of apartment attributes across study phases. 478 

Category Unit Pre-SBD (N = 5,495) Post-SBD / Pre-GG (N = 10,967) Post-GG (N = 12,012) 
Mean SD Min Max Mean SD Min Max Mean SD Min Max 

Dependent 
variable 

Apartment price 10,000 
KRW/m2 623.65 120.36 50.87 

1,566.6
9 680.36 156.37 304.41 

1,410.9
1 1057.67 348.38 372.27 

2,540.6
7 

Log-transformed 
apartment price 

ln(10,000 
KRW/m2) 6.42 0.19 3.93 7.36 6.5 0.23 5.72 7.25 6.91 0.32 5.92 7.84 

Control 
variables 

Area m2 90.17 40.3 28.16 244.56 94.51 33.74 28.16 265.55 98.66 36.5 28.16 265.55 

Floor  Floor 9.06 5.95 1 34 9.41 6.23 1 35 9.47 6.36 1 35 

Building age Years 17.17 3.42 1 21 17.14 7.98 1 26 20.52 8.25 2 31 

Abbreviations. SBD = Shinbundang Line; GG = Gyeonggang Line 

Note. “Pre/Post” refer to line openings: Shinbundang Line on Oct 28, 2011; Gyeonggang Line on Sep 24, 2016. 
 

Table 5. Transaction volumes by distance band and phase. 479 

Category 0–0.5 km 0.5–1.0 km 1.0–1.5 km 1.5–2.0 km 2.0–2.5 km Total 
Pre-SBD 0  113  1,579  1,110  2,693  5,495  
Post-SBD / Pre-GG 523 938 3,432 2,107 3,967 10,967  
Post-GG 789 877 3,355 2,416 4,575 12,012 

Total 1,312 1,928 8,366 5,633 11,235 28,474  
Abbreviations. SBD = Shinbundang Line; GG = Gyeonggang Line 



In particular, the absence of pre-SBD transactions in the 0.0–0.5 km ring implies that the 480 

closest band is descriptively thin for the first rail shock, which is important to keep in mind 481 

when interpreting the subsequent model estimates. 482 

 483 

4.2. Difference-in-differences results 484 

Table 6 reports the monthly difference-in-differences estimates from the final two-way 485 

fixed-effects specification. As noted in the model section, the main effects of distance bands 486 

and post-opening periods are absorbed by apartment-complex fixed effects and month fixed 487 

effects, respectively. Accordingly, the coefficients of substantive interest are the interaction 488 

terms between each distance band and the line-opening dummy, which indicate whether 489 

apartment prices in each inner band changed more or less than those in the reference band of 490 

2.0–2.5 km after each rail opening. These estimates should be interpreted as relative post-491 

opening price changes across distance bands within the Pangyo station-area market, rather than 492 

as comparisons with an entirely unaffected control area. 493 

Table 6. Difference-in-differences estimates of apartment price effects by distance band. 494 

Category Variable Coefficient (Robust SE) 

Spatial 

variable 

0–0.5 km - 

0.5–1.0 km - 

1.0–1.5 km - 

1.5–2.0 km - 

2.0–2.5 km Reference 

Temporal 

variable 

SBD opening - 

GG opening - 

Interaction 

variable 

SBD opening × 0–0.5 km - 

SBD opening × 0.5–1.0 km 0.158*** (0.037) 

SBD opening × 1.0–1.5 km –0.037 (0.041) 

SBD opening × 1.5–2.0 km –0.064 (0.035) 

SBD opening × 2.0–2.5 km Reference 

GG opening × 0–0.5 km 0.084* (0.033) 

GG opening × 0.5–1.0 km 0.112** (0.036) 

GG opening × 1.0–1.5 km 0.060* (0.024) 



GG opening × 1.5–2.0 km 0.012 (0.024) 

GG opening × 2.0–2.5 km Reference 

Control 

variables 

Area –0.003*** (0.000) 

Floor 0.004*** (0.000) 

Building age 0.012 (0.027) 

Squared term of the building age 0.001*** (0.000) 

Constant - 

R-squared 0.371 

Abbreviations. SBD = Shinbundang Line; GG = Gyeonggang Line 

Note1. * p < .05, ** p < .01, *** p < .001.  

Note2. Two-way fixed effects with apartment-complex fixed effects and month fixed effects. 

Standard errors are clustered by apartment complex and month. Reference distance band = 

2.0–2.5 km.  

Note3. The constant is absorbed by the fixed effects and is therefore not separately reported. 

 495 

The results suggest that the spatial patterns of post-opening price changes differed 496 

between the two line openings. For the SBD, only the 0.5–1.0 km band shows a statistically 497 

significant positive interaction effect (β = 0.158, p < .001), implying that apartment prices in 498 

this band increased more than those in the 2.0–2.5 km reference band after the opening. 499 

Interpreted as a percentage change, this corresponds to an additional increase of about 17.1% 500 

relative to the outer comparison ring. By contrast, the coefficients for the 1.0–1.5 km band and 501 

the 1.5–2.0 km band are not statistically significant at conventional levels. This means that, in 502 

the final specification, there is no statistically significant evidence that the SBD generated 503 

additional price appreciation beyond the reference band outside the 1.0 km zone. The 504 

coefficient for the 0.0–0.5 km band is not reported in the final table, and this should be 505 

interpreted cautiously considering the descriptive result that no pre-SBD transactions were 506 

observed in this closest ring. 507 

The GG shows a broader pattern of positive differential post-opening price changes. 508 

The interaction term is positive and statistically significant in the 0.0–0.5 km band (β = 0.084, 509 

p < .05), the 0.5–1.0 km band (β = 0.112, p < .01), and the 1.0–1.5 km band (β = 0.060, p 510 

< .05). These coefficients correspond approximately to additional price increases of 8.8%, 511 



11.8%, and 6.2%, respectively, relative to the 2.0–2.5 km comparison ring. In contrast, the 512 

coefficient for the 1.5–2.0 km band is small and statistically insignificant, indicating that the 513 

additional capitalization effect did not extend robustly into that outer-inner band. Thus, unlike 514 

the SBD, whose robust positive effect is concentrated in the 0.5–1.0 km band, the GG is 515 

associated with positive differential price changes across a wider zone extending to 1.5 km 516 

from Pangyo Station. 517 

The control variables also behave largely as expected. Exclusive-use area has a negative 518 

coefficient (β = −0.003, p < .001), indicating that larger units tend to have lower prices per unit 519 

area, while floor level has a positive coefficient (β = 0.004, p < .001). Building age is not 520 

statistically significant in linear form, but the squared age term is positive and significant (β = 521 

0.001, p < .001), which is consistent with a non-linear price–age relationship in the study area 522 

(Lee et al., 2005). 523 

 524 

5. Discussion 525 

5.1. Interpreting the differentiated capitalization patterns 526 

This study set out to examine whether two rail openings at the same interchange node 527 

were associated with different patterns of housing-price capitalization according to their 528 

accessibility functions. The empirical results suggest that they were. Around Pangyo Station, 529 

the opening of the SBD is associated with a statistically significant additional price change 530 

only in the 0.5–1.0 km band relative to the 2.0–2.5 km reference ring, whereas the opening of 531 

the GG is associated with significant additional price changes across the 0.0–0.5 km, 0.5–1.0 532 

km, and 1.0–1.5 km bands. In substantive terms, the SBD pattern appears more spatially 533 

concentrated, while the GG pattern appears broader in reach but smaller in magnitude by band. 534 

This contrast is consistent with the study’s expectation that rail investments should not be 535 



treated as spatially homogeneous interventions, because their local market effects depend on 536 

how each line restructures accessibility rather than on station proximity alone (Debrezion et al., 537 

2007; Gibbons & Machin, 2005). 538 

The SBD result is most plausibly interpreted as a concentrated capitalization pattern 539 

associated with strengthened access to an already dominant metropolitan core. In the study 540 

design, the SBD is conceptualized as a core-oriented accessibility shock because it sharply 541 

improved Pangyo’s connection to the GBD, one of the most important employment and 542 

commercial concentrations in the Seoul metropolitan area. Where new rail infrastructure 543 

enhances access to a strong existing center, the accessibility premium is likely to be capitalized 544 

most strongly where the time-saving benefit is most directly usable in everyday travel. This 545 

interpretation is consistent with work showing that transport improvements can intensify 546 

agglomeration advantages by reducing effective distance to major centers, while the resulting 547 

gains are often uneven across space and concentrated around locations best positioned to 548 

exploit those gains (Ahlfeldt & Feddersen, 2018; Givoni, 2006; Lakshmanan, 2011). In the 549 

present case, the fact that only the 0.5–1.0 km band remains significant suggests not a broad 550 

corridor-wide uplift, but a relatively narrow capitalization zone within the local housing 551 

submarket. 552 

By contrast, the GG results point to a more spatially distributed pattern of 553 

capitalization. The significant interaction terms in the 0.0–0.5 km, 0.5–1.0 km, and 1.0–1.5 km 554 

bands indicate that the additional price changes associated with the GG opening were not 555 

confined to the immediate station-adjacent area. This wider footprint is consistent with the 556 

interpretation of the GG as a connectivity-expanding accessibility shock. Unlike the SBD, 557 

which primarily strengthened access to a pre-existing metropolitan core, the GG expanded 558 

eastward regional connectivity from Pangyo and added a different layer of network 559 

accessibility at the same node. Prior studies on HSR and intercity rail have repeatedly shown 560 



that development outcomes vary depending on metropolitan integration, station position, and 561 

the type of connection established by the line, rather than following a uniform rule across all 562 

corridors (Mohíno et al., 2019; Ureña et al., 2009). Read in that light, the broader GG pattern 563 

suggests that the market valued not only immediate station access but also the enlarged 564 

opportunity set associated with wider regional connectivity. 565 

This difference between the two lines also clarifies an important theoretical point for 566 

the broader HSR–TOD discussion. The findings do not imply that one line type is categorically 567 

“stronger” than the other. Rather, they suggest that the spatial expression of accessibility gains 568 

differs by function. In this case, the core-oriented shock is associated with a sharper and more 569 

localized premium, whereas the connectivity-expanding shock is associated with a wider but 570 

more moderate premium across adjacent rings. This interpretation fits the broader literature 571 

showing that rail investments can generate heterogeneous land-market responses depending on 572 

network role, local market structure, and pre-existing accessibility conditions (Chen & Haynes, 573 

2015; Debrezion et al., 2007; Mohíno et al., 2019). It also helps explain why a single 574 

undifferentiated understanding of “HSR effects” is analytically inadequate. However, because 575 

both openings are observed at a single interchange node, this interpretation should be read as 576 

evidence from the Pangyo case rather than as a general test of line-function effects across rail 577 

systems. 578 

 579 

5.2. Policy implications 580 

The findings suggest two main policy implications. First, rail-led development should 581 

not be pursued through a uniform development template. The results of this study suggest that 582 

different rail functions may be associated with different spatial patterns of capitalization even 583 

at the same interchange node. This implies that planning and development strategies should be 584 



differentiated according to the type of accessibility reorganization produced by each line, rather 585 

than treating all metropolitan rail investments as equivalent interventions. For a core-oriented 586 

line such as the SBD, where the additional price change is concentrated within the near-station 587 

area, the more appropriate strategy is a focused station-area approach: intensive pedestrian-588 

centered design, fine-grained land-use mix, housing and commercial intensification within the 589 

immediate catchment, and targeted value-capture or housing-management tools in the areas 590 

where the premium is actually capitalized. This is broadly consistent with international TOD 591 

practice in dense metropolitan settings, where planning tools are often concentrated within a 592 

relatively tight station catchment. For example, Taipei’s TOD strategy provided floor-area-ratio 593 

incentives for qualifying development within a 500 m radius of major transit stations, explicitly 594 

linking concentrated station-area development with land-value capture and transit-oriented 595 

urban form. Recent evidence from the Tokyo metropolitan area likewise suggests that the 596 

effective TOD extent tends to be smaller in central, high-density rail environments and larger in 597 

peripheral settings, indicating that station-area planning should vary by urban and network 598 

context rather than rely on a single fixed radius for all rail projects (Gao et al., 2024; Yen et al., 599 

2023). 600 

By contrast, for a connectivity-expanding line such as the GG, the policy priority 601 

should extend beyond a narrowly defined station-core model. Because the additional price 602 

changes in this study reach a broader set of distance bands, the relevant development strategy is 603 

not simply denser construction immediately adjacent to the station, but a wider framework of 604 

corridor coordination, feeder-system integration, secondary access improvement, and broader 605 

neighborhood linkage. In other words, where a line widens regional connectivity rather than 606 

merely deepening access to a single dominant core, the development response should also be 607 

spatially broader. This is consistent with prior work showing that station-area development 608 

around major rail investments varies according to metropolitan integration and the type of 609 



connection created by the line. It is also reflected in current European practice. In the Grand 610 

Paris Express project, for example, the new network is explicitly tied not only to station 611 

construction but also to surrounding neighborhood transformation, public-space redesign, and 612 

mixed-use development around dozens of stations. The project’s route was designed to support 613 

urban development across a large suburban geography, with hundreds of development projects 614 

located within Grand Paris station neighborhoods, illustrating a strategy much closer to 615 

connectivity-expanding regional integration than to a narrowly bounded core-station 616 

intensification model (Mohíno et al., 2019; Société du Grand Paris, 2018). 617 

Second, improved rail accessibility does not automatically produce balanced regional 618 

development. In some cases, faster and stronger connections to dominant metropolitan centers 619 

may instead intensify concentration by drawing population, firms, spending, and higher-order 620 

functions toward already advantaged core areas. This is the classic concern associated with the 621 

straw effect. Existing research has long warned that major transport investments can generate 622 

polarized accessibility gains, especially in monocentric systems where travel-time reductions 623 

are disproportionately oriented toward the main metropolis. Recent work on European rail 624 

accessibility notes that studies in countries such as France, Spain, and the UK have often found 625 

accessibility gains to be closely tied to reductions in travel time to the primary metropolis, 626 

raising concerns about uneven territorial effects. Related discussions in Taiwan’s HSR 627 

experience have likewise framed straw effects as a real policy concern when high-speed 628 

connectivity strengthens the pull of larger urban centers rather than fostering distributed 629 

regional growth (Feng, 2014; Wenner & Thierstein, 2022).  630 

For that reason, rail investment aimed at regional balance should not be treated as a 631 

self-executing development policy. If a new line improves accessibility but local employment, 632 

business ecosystems, and urban service functions remain weak, the likely result is easier 633 

outward commuting to stronger centers rather than autonomous local development. The policy 634 



implication is that transport planning should be accompanied by complementary territorial 635 

measures, such as employment decentralization, strategic office and innovation functions near 636 

stations, industrial or service clustering policies, and land-use controls that help retain local 637 

activity. Internationally, the risk of straw effects has been discussed not only for HSR but also 638 

for other major transport infrastructures. Evidence from Korea’s highway development, for 639 

example, found potential straw effects on local population and industry growth, reinforcing the 640 

broader point that accessibility gains alone do not guarantee territorially balanced outcomes. In 641 

that sense, the key lesson is not to avoid major rail investment, but to embed it within a wider 642 

framework of regional planning that can convert improved connectivity into locally anchored 643 

development rather than one-sided extraction toward the dominant core (Kim & Han, 2016). 644 

 645 

5.3. Contributions, limitations, and directions for future research 646 

This study contributes to the literature by showing that rail-induced housing-price 647 

effects are conditioned not only by station proximity but also by the functional role of the line 648 

within the wider metropolitan network. By comparing two sequential rail openings at the same 649 

interchange node, the study shows that a core-oriented accessibility shock and a connectivity-650 

expanding accessibility shock are associated with different spatial patterns of capitalization 651 

within a shared local housing market. This contribution is relevant beyond the Korean case 652 

because many rapidly urbanizing or developing countries, as well as highly monocentric 653 

metropolitan systems, face similar pressures of concentrated growth, uneven accessibility, and 654 

corridor-led development. At the same time, the findings also speak to transit-mature contexts 655 

such as South Korea, where TOD is already institutionally well established, by suggesting that 656 

even in advanced rail-oriented planning systems, station-area development should not be 657 

guided by a single uniform template. Instead, the developmental implications of rail investment 658 



depend on whether a line primarily reinforces access to an existing core or broadens 659 

connectivity across a wider regional geography (Ahlfeldt & Feddersen, 2018; Debrezion et al., 660 

2007; Mohíno et al., 2019; Ureña et al., 2009). 661 

At the same time, several limitations should be acknowledged. First, this study focuses 662 

on a single interchange node, Pangyo Station, and the findings should therefore not be 663 

generalized mechanically to other station areas. The Pangyo case is analytically useful because 664 

it allows a comparison of two sequential rail openings within the same local market context, 665 

but the magnitude and spatial reach of capitalization effects are likely to vary across places 666 

depending on land-use conditions, pre-existing accessibility, market structure, and metropolitan 667 

position (Debrezion et al., 2007; Mohíno et al., 2019). More importantly, the single-node 668 

design limits the ability to separate line-function effects from Pangyo-specific dynamics and 669 

overlapping local market conditions. The present findings should thus be understood as 670 

evidence from a strategically selected case rather than as a universal pattern applicable to all 671 

rail-served areas. 672 

Second, the identification strategy is constrained by limited transaction availability in 673 

some bands, most notably the 0.0–0.5 km band for the SBD, where transaction counts were too 674 

sparse to support a stable estimate in the final specification. More broadly, the event-study 675 

diagnostics do not support a strong claim that parallel trends are fully satisfied across all 676 

distance bands. Although the pre-treatment patterns do not indicate uniform and systematic 677 

divergence, some bands show instability, and the diagnostic power of pre-trend tests is limited 678 

when observations are thin or noisy. Recent DiD scholarship likewise cautions that pre-trend 679 

tests should be interpreted as diagnostic rather than definitive evidence of identification 680 

(Marcus & Sant’Anna, 2021; Roth, 2022). Accordingly, the results should be read as providing 681 

cautious quasi-causal evidence rather than unconditional causal proof. 682 



Third, the empirical design uses the official opening dates as treatment timing, although 683 

both projects had long planning, approval, and construction histories. As a result, some 684 

accessibility gains may have been partially capitalized before service began, and the estimates 685 

may not capture the full capitalization process from the earliest announcement or planning 686 

stage. This limitation is particularly relevant in station-area housing markets, where 687 

expectations about future accessibility improvements can be incorporated into prices before 688 

actual operation begins. 689 

Fourth, the analysis relies on repeated cross-sectional transaction data rather than 690 

repeat-sales data at the individual unit level. While the model includes key structural controls 691 

and apartment-complex fixed effects to absorb observed and time-invariant heterogeneity, 692 

some compositional change in transacted units may still remain. In addition, transaction-based 693 

estimates may reflect not only changes in willingness to pay for accessibility but also changes 694 

in the mix of units brought to market over time. Future research could address these limitations 695 

by using repeat-sales data, finer network-based accessibility measures, alternative comparison 696 

areas, announcement-based treatment timing, and explicit spatial spillover models to test 697 

whether the differentiated capitalization patterns identified here remain robust under stricter 698 

measurement conditions. 699 

 700 

6. Conclusion 701 

This study examined whether two rail openings with different accessibility functions 702 

were associated with different housing-price capitalization patterns around the same 703 

interchange node. Focusing on Pangyo Station, where the SBD and the GG were introduced 704 

sequentially, the analysis compared two distinct accessibility shocks within a shared local 705 

housing market. The results suggest that the two openings were not associated with the same 706 



spatial pattern of capitalization. Overall, the SBD was associated with a more localized and 707 

selective price response, whereas the GG was associated with a broader pattern extending 708 

across a wider set of distance bands. In substantive terms, the findings suggest that rail-induced 709 

housing-price effects are shaped not only by proximity to a station but also by the functional 710 

role of the line within the wider metropolitan network. 711 

This distinction is important because it suggests that rail infrastructure should not be 712 

treated as a spatially homogeneous intervention. In the present case, the SBD functioned 713 

primarily as a core-oriented shock that strengthened access to a dominant metropolitan center, 714 

while the GG functioned as a connectivity-expanding shock that widened access across a 715 

broader regional geography. The implication is that even when two lines intersect at the same 716 

node, the geography of capitalization may differ according to how each line reorganizes 717 

relative accessibility. This point extends the literature by showing that differentiated rail 718 

functions may be associated with differentiated housing-market responses even within the same 719 

local context. 720 

The broader significance of the study lies in its relevance to metropolitan regions facing 721 

concentrated growth, uneven accessibility, and corridor-led development pressure. For rapidly 722 

urbanizing countries, strongly monocentric urban systems, and even transit-mature contexts 723 

such as South Korea, the findings suggest that rail-led development should not be approached 724 

through a single uniform station-area template. Instead, planning responses should be 725 

differentiated according to whether a line primarily reinforces access to an existing core or 726 

broadens connectivity across a wider regional geography. In this respect, the study contributes 727 

not only to the empirical literature on transport capitalization but also to the planning 728 

discussion on how rail investment may translate into different forms of urban development 729 

pressure. 730 



At the same time, the results should be interpreted with appropriate caution. Because 731 

the analysis is based on a single interchange node, because some near-station bands—732 

especially the 0.0–0.5 km band for the SBD—contained limited transactions, because the 733 

official opening dates may not capture the full process of expectation-driven capitalization, and 734 

because the study relies on transaction data rather than repeat-sales data, the findings are better 735 

understood as case-based evidence of differentiated capitalization patterns than as universally 736 

generalizable estimates. Even so, the Pangyo case illustrates that the developmental meaning of 737 

rail investment depends not only on whether accessibility improves, but also on what kind of 738 

accessibility is being produced. 739 
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