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Study on subway ridership estimation with the consideration of endogeneity
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Abstract The objective of this study is to develop a consistent model for predicting subway ridership.
Previous studies have focused on the relationship between subway ridership and factors such as socio-
economy and land-use. However, there was a lack of research on the endogenous impacts of alternative
transit demand and exogenous trade area. Therefore, this study incorporated the effects of bus ridership and
retail properties within 300m radius from 248 subway stations in Seoul in the modeling process. In a
methodological aspect, we applied two-stage least squares (2SLS) approach to capturing the endogeneity
issue. As a result, bus ridership and attributes for trade arca were found to be significant, and the
methodological approach for the model development was plausible to estimate subway ridership.

Keywords : Subway ridership, Trade area, Endogenity, Two-stage least squares
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1. Introduction

Traffic jams and low efficiency of land use are the most serious problems in society. As we all
know, the subway has lots of advantages, such as reducing traffic congestion, reducing expenditure, and
eliminate the problem of parking difficulty, also reduce the parking land use form. The objective of this
study is to develop a consistent model for predicting subway ridership. Previous studies had focused on
the relationship between the subway ridership and factors of socio-economy and land-use. However, no
study has considered endogenous problems in a modeling process. Therefore, this study incorporated the
effects of a bus ridership as an endogenous variable applied from 248 subway stations in Seoul in the to
discover the relationship applied two-stage least squares (2SLS) approach. Besides, we collected data of
retail properties within 300m radius facility for developing the model of subway ridership predictions.
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2. Literature Review

Previous studies about a topic of transit ridership impact factors can be divided into two categories. One is
travelers' attitudes; the other is a factor of land use, behavior characteristics. The analysis for the first
category is based on a collection of data from the survey and interviews of transit operators to identify
factors that consider affecting ridership. However, the information is highly subjective and depends on the
respondents' views and assumptions about the internal and external factors. Therefore, the data is biased with
limited or incorrect information. Secondly, most previous studies were used the multiple regression models
for methodology and selected the main factors of socio-economic factors, land use, proportion density, and
so on. In term of methodological weakness for the previous studies, generalizability is limited due to small
sample sizes, multicollinearity and endogeneity problems among independent variables are ignored. (Taylor
and Camille 2003)

3. Methodology

The model structure of this study is
¥=Y8 X P fu=XF+u (1)
Y= +5I0, +v=20I1+V
where y is an Nx1 vector of the left-hand-side variable; N is the sample size; Y is an Nxp matrix of p
endogenous regressors; ‘~iis an N X ks matrix of k! included exogenous regressors; X2 is an M ¥ kg
matrix of Kzexcluded exogenous variables, X =[Y X;], Z = [X; X,]; u is an Nx1 vector of errors; V is an
Nxp matrix of errors; B=[$:|. Ez] isak= (P+EJX L yector of parameters; and I is a (p + k) XE
vector of parameters. If a constant term is included in the model, then one column of X1 contains all ones.
Define the k-class estimator of p as & = 5 (- BM. XX (1 - kM) y
where M, =1 — Z(Z'Z)"1Z'. The 2SLS estimator results from setting k= 1. The LIML estimator results

from selecting k to be the minimum eigenvalue of E?*Mz?}-gvmx.?t?mzﬂ_ﬁ: , Where
My, = I—X, (X, X,

4. Data Analysis

The spatial scope of this study is Seoul in South Korea, which has 25 districts, and each district has high
population density. All 248 subway stations in Seoul were included in the analysis, representing different
types of social forms. The temporal scope is from January 2015 to September 2016.

We use socio-economic, land use, transit facility, geometry and safety factors within 300m radius from
248 subway stations as the independent variables for predictive models, and environment factors, the
number of bus stations and bus lines as instrument variables of bus ridership which is endogenous variable
with subway ridership. The variables used in the models were obtained by the Statistics Department of Seoul.

In particular, types of land use in this paper were categorized based on the proportion of ten retail facilities



around each subway station throughout Seoul city are shown relatively special form compared with existing
papers. Moreover, subway and bus ridership data, whether to transfer, the number of bus stations and bus
lines in Seoul were obtained from the smart card and geographic information system (GIS) graphics and
tables provided by the transportation bureaus of local governments.

Mass transit ridership was affected by a variety of internal and external factors. Subway ridership was the
dependent variable and factors can directly or indirectly explain transit ridership. Table 1 describes

dependent, explanatory and instrument variables used in the models.

Table 1 Descriptive statistics

Category Variables
the number of families, employment density, number of parking, area of parking (m?)
Demography . . . . .
vehicle registration, school-age population, vehicle speed(km/h)
Environment sulfur dioxide gas, carbon monoxide, Nitrogen dioxide, fine dust, fine particulate matter(PM2.5), ozone
Geometry road length(m), road area(m?), sidewalk length(m), sidewalk area(m?)
Safety number of traffic accidents, traffic Safety Index
Transit facility whether to transfer, number of bus stops, number of bus line or route

Retail facilit the rate of living, medical, food, education, cultural, finance, welfare, shopping, public, child-care
etail facili
Y within 300 m radius around subway station

7~11 subway get on ridership
Subway ridership 11~17 subway get on ridership
17~21 subway get on ridership

7~11 bus get on ridership
Bus ridership 11~17 bus get on ridership

17~21 bus get on ridership

5. Results

5.1 Endogeneity test
The study emphasizes the endogeneity issue in the model, and the variable of bus ridership was treated as

endogeneity variable for the subway ridership prediction models. It is essential to confirm whether the
selected endogeneity variable is significant. Therefore, we conducted a test of endogeneity, namely Durbin
(1954) and Wu-Hausman(Wu 1974; Hausman 1978) test, with the 2SLS estimation. The null hypothesis of
the Durbin and Wu-Hausman tests is that the variable is exogenous. In this study, the test statistics are highly
significant, therefore we rejected the null hypothesis of exogeneity and it showed that we should treat the

bus ridership as the endogenous variable.

5.2 Instrument variables test
To ensure that the endogenous variable interacted with strong instrument variables, we conducted Stock

and Yogo’s (2005) tests. The null hypothesis of each of Stock and Yogo’s tests is that the set of instruments

is weak. If we are willing to tolerate only a relative bias of 5%, then we can reject the null hypothesis and



concluded that the instruments are not weak. Since the test statistic of 429.026 far exceeds the critical value

of 19.86 in our model, we concluded that our instruments are strong.

5.3 Model results
The result of the bus ridership variable was statistically significant and showed consistently positively

signs in all models. It means the bus ridership and subway ridership had a complementary relationship
instead of a competitive relationship. The variable of the number of families is statistically significant in the
morning, afternoon and evening, but not in the evening. Showing a positive sign indicates that ridership is
increasing when the number of families is more in the morning and afternoon. A higher rate in medical and
food facility resulted in greater transit ridership. A higher rate in culture, public and child-care facility
resulted in lower transit ridership. For the rate in living, Education, shop, finance and welfare facility

showed different influences in different time periods.

Table 2 Predictive models of boarding ridership using 2SLS estimation

Category Dependent var. momingRobust aﬁemoori{obust sveping Robust

Subway ridership Coef Std. Err Coef Std. Err Coef Std. Err

Log(bus ridership) 0.1399%%* 00132 | 0.1868%++ 09122 0.2395%%* 0017

Cogmee o | s | S | o | U0 | o | 0

e | TR s | 080 G0 | O | osmer | 04
-economic Fog(purkine 040650+ | 00835 NA NA NA NA

Cikets | o | O v | OB | s | 00

Geometry Log(road areas) | -0.7820%%* 070 033515 00733 1.0107%%* 0088

ey Foglhumberof | -0.9428%x¢ 2'12323:72 0.5408 %%+ Z_'g%jgz 0.5510%%* Z_'Zéfi
Safety index 0.0103%** s 0.0105%** o3 0.0161%** 0

g:lfl‘;lyt transfer 0.5744%% OOIES | 05313 0,186 0.5102%** 0020

B e | | oo | o | o |0

Rate of food facility | 0.0716%#* 00008 0.1005%** 00000 0.1071%%* 0.000%

T ||| oo || |40

facility Ratefoaiifllir;;ncial -0.0020 0_.?.(;113 0.0106%%* 080(1)<1)3 0.0197%%% 01.(3)94165

Ratef;’cfim‘;lfare 0.0069* 00038 | _0.033355 00040 20.0319%%% 0.0045

Rate of shop facility | 0.0046%%* 0004 | .otor 0.0013 0.0071%%* 0,008

Racopuetie | ooo0xxs | 090 | 0.0064rer | 0008 -0.0055%* 00026

g | | | ow | om | s | 00

constant gasaerer | OJ9ZL 1 g ge7gren | 09399 | s gpqzeen | 1049
R-squares 0.5301 0.6161 0.6616

1) *** **and* indicates the coefficient is statistically significant at 1%, 5%, 10% of confidence level, respectively.

2) Instruments: bus stop, line, sulfurousacidgasppm, carbonmonoxideppm, nitrogenmonoxide, finedust, ozoneppm



Table 3 shows the results of the accuracy test for three models. The MAE(Mean Absolute Error),
MSE(Mean Square Error), RMSE(Root Mean Square Error), MAPE(Mean Absolute Percentage Error) were
estimated for each period model, and it was found that the model for the evening had higher errors than

other two models for morning and afternoon time periods.

Table 3 Model accuracy tests

No Model MAE MSE RMSE MAPE
2SLS model for morning 0.4132 0.2919 0.5402 0.0360

2 2SLS model for afternoon 0.5267 0.4490 0.6701 0.0465
3 2SLS model for evening 1.8469 4.3332 2.0816 0.1986

6. Conclusion

This study aims to develop a consistent model for predicting subway ridership incorporating the
endogenous variable of bus ridership. It was found that there was the endogenous relationship between the
variables of bus ridership and subway ridership, and the instrument variables such as bus lines, bus stops and
environmental five factors were statistically significant and strong. Model accuracy tests are high, and the
coefficients of independent variables have a consistent sign in three time periods. Five retail facilities
variables (living, education, shop, finance, and welfare) have different signs in different time periods, and it
was shown that the subway ridership during the morning, afternoon, and evening is likely to change

sensitively with the types of retail facility.
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