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ABSTRACT

This study derives quantitative data on how much the fiscal deficit of subway operation agencies
can be reduced in the process of charging free rides for the elderly in metropolitan subways during
peak periods. In smart card data, every trip of elderly is recorded except fares. Therefore, it is
required to establish a methodology for estimating the fares of elderly passengers and distributing
them to subway opertation agencies as income. This study builds a simultaneous dynamic traffic
allocation model that reflects the assumption that elderly selects a minimum time route based on the
departure time. The travel route of the elderly is estimated, and the distance-proportional fare charged
to the elderly is calculated based on this, and the fare is distributed by reflecting the connected

Received 3 February 2023 railway revenue allocation principle of the metropolitan subway operating agencies. As a result of
Revised 26 February 2023 conducting a case study for before and after COVID-19 in 2019 and 2020, it is analyzed that Seoul
Accepted 25 April 2023 Metro’s annual free loss of 360 billion won could be reduced 6~8% at the moming peak

(07:00-08:59), and 13~16% at the morning and afternoon peak (18:00-19:59).
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<Fig. 1> Fare Separate Fare of Private Agencies

<Table 1> Fare Data for General of Eleven Subway Operation Agencies (unit: won)
Mode Code Operation Agencies Total Fare Basis Fare Extra Fare Independent Fare
201 Seoul Metro 1250 1250 0 -
202 KORAIL 1250 1250 0 -
203 Seoul Metro 1250 1250 0 -
204 Incheon Transport 1250 1250 0 -
205 Seoul Metro Line 9 1250 1250 0 -
206 Airport Railroad 1250 1250 0 900-2900
208 Shinbundang Line 2250 1250 1000 1300 ]
209 Gyeonggi Railroad 2450 1250 1200
231 Yongin Light Rail 1450 1250 200 -
232 Uijeongbu Light Rail 1350 1250 100 -
235 Ul-Sinseol Light Rail 1250 1250 0 -
236 Kimpo Gold Line 1250 1250 0 -
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<Table 2> User Types

User Code User Type Far(;heéll(ari;e d User Code User Type Farcehecclll(ari;e d
01 Adult (0] 06 Senior(citizen) X
02 Children (0) 07 Disabled Person X
03 Middle & High School Student 0] 08 Men of national merit X
04 Youth/Teenager (0] 09 Public charge X
05 University Student (0) 10 Welfare card X
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<Fig. 3> Departure, Transfer, Arrival Stations in Passenger's
Route Choice
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<Table 3> Operator Agencies in Seoul Metropolitan Subway in '19 & ‘20 Years

‘19 Year Operator Agencies 20 Year Operator Agencies Public or Private
Seoul Metro Seoul Metro Public
KORAIL KORAIL Public
Incheon Transit Cooperation Incheon Transit Cooperation Public
Seoul Metro Line 9 Seoul Metro Line 9 Private
Airport Railroad Airport Railroad Private
Shinbundang Line Shinbundang Line Private
Gyeonggi Railroad Cooperation Gyeonggi Railroad Cooperation Private
Yongin Light Rail Yongin Light Rail Private
Uijeongbu Light Rail Uijeongbu Light Rail Private
Ui-Sinseol Light Rail Ui-Sinseol Light Rail Private
- Gimpo Gold Line Private

AT MRl 2% A= <Table 4> 2t} 20199 5€ 10Y F8Y 7202 F F 1 649 &
T AstE] 7 ert FAEAT 20201 5€ 8Y F Y-S F oF 19 2HRA o R FAHHGOH o=
COVID-199l] 2J3t g&o g EAMH 3k Fu3aE 2013 2032 7] Mo 14348 293ta I
MR FAke} 58549 AEEAHAEFAE UERATH
<Table 4> Fare Data for Peak Hour Fare Imposition (unit: won)

Allocated Revenue
Mode Code Operation Agencies AM Peak AM & PM Peak
2019 2020 2019 2020
201 Seoul Metro 37,892,426 28,449,153 85,090,853 70,268,187
202 KORAIL 54,545,466 41,218,425 88,760,084 69,373,276
203 Seoul Metro 39,374,141 30,164,478 68,044,772 56,148,366
204 Incheon Transport 7,612,375 5,669,451 12,299,338 9,330,404
205 Seoul Metro Line 9 5,683,732 4,298,582 11,937,789 10,506,802
206 Airport Railroad 2,180,829 1,434,400 4,929,623 3,464,572
208 Shinbundang Line 7,510,561 5,143,850 13,459,722 10,819,398
209 Gyeonggi Railroad 402,368 284,439 907,219 779,653
231 Yongin Light Rail 1,071,124 744,167 1,456,838 1,036,639
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Allocated Revenue
Mode Code Operation Agencies AM Peak AM & PM Peak
2019 2020 2019 2020

232 Uijeongbu Light Rail 1,824,948 1,103,322 2,451,598 1,629,005

235 Ul-Sinseol Light Rail 1,889,913 1,496,963 2,609,598 1,987,869

236 Kimpo Gold Line 0 966,090 0 1,339,640

Sum 159,987,882 120,973,321 291,947,432 236,683,811
<Table 4>2] ¥4 =JAFYFA ol T 7|QujEFNH-E AT Z FHatsla ZE 2019} 203& A2 TF
A2 B8 A= <Table 5>9F 2t 2019 715 F 58499, 202092 4429 ¢ 02 FHEHJTE 850
e EH7IAET} 7P & 73S AL IAEA 2 2 0% HAFAE VIFoE 9F 53%E B9t

Qom TS0 2 KORAILY| 30% HEZ el

<Table 5> Revenue Allocation of Operator Agencies in Seoul Metropolitan Subway in ‘19 & '20 Years
(unit: 100,000,000 (won))

Allocated Revenue
Operator Agencies AM Peak AM & PM Peak
‘19 Year 20 Year ‘19 Year 20 Year %(AR/Sum)

Seoul Metro 282.0 2139 558.9 461.4 5245

KORAIL 199.1 1504 324.0 2532 3041

Incheon Transit Cooperation 27.8 20.7 44.9 34.1 421

Seoul Metro Line 9 20.7 15.7 43.6 383 4.09

Airport Railroad 8.0 52 18.0 12.6 1.69

Shinbundang Line 274 18.8 49.1 395 4.61

Gyeonggi Railroad Cooperation 1.5 1.0 33 2.8 0.31

Yongin Light Rail 39 2.7 5.3 3.8 0.50

Uijeongbu Light Rail 6.7 40 89 59 0.84

Ui-Sinseol Light Rail 6.9 55 9.5 7.3 0.89

Gimpo Gold Line 0.0 35 0.0 49 0.00

Sum 584.0 441.6 1,065.6 863.9 100.00

v.4a &

19840 EQE =OBAY S FEY AN 654 o go] thato] e FUSAE FHSL 9ot
G1He 03e &Nl FAS F/hEE 4ol Husa ok FF AAHE 1Y L 23Y3)
MBI YO =ATYSA] e HEF AR FYH AKdo] glol: AsHY 299 A&7
3k A%k 27 3ol =97t ad Aot &8 =dFdsAtAdd t s a3E A
7] A% WEE A AEH oF sk AdReltt wWEtA =T YA S FASHEAM AR a0l 2
R tigke AAse ekl tid AEZF A dasty olE fsi e AR FYEE s &

Vol.22 No.2 (2023. 4) The Journal of The Korea Institute of Intelligent Transport Systems 11



ORISR HEA 232 ©E o3 sl

stoll B W AABPE AT,

B ATE =ARYSR thate] ATA 87 Boehs 4B PPl wstath AT ZntEs
EARE /N =ARYSA thstel 8F0) BT YT MY 0 APHAY BF FRE 44
Stk 2ThEAEARE AT hE ABE /1F3HT Yo 4718 FUYTOE REHE AR
£ A etk mebd wole] BYL FAFHAL o8 87 U FUTOE wEske Hyo] FhHoE
a7,

B ATE AW wolo] $9E Taghdhs A A% TagOushs ¢ S48 FAFYNPRY
o2 FF8e] xQle] BAARE FANAT FANARFNA £AFVL HAFAIALL Hesie @)

A H9g /MoR FEAUL. F98 A2E =9 TP Y] BASE 29718 WA, 5Y8
2o wegste] S AN ADNALTE HAE YLOT TEAT, £ A LIS 3

=
il A& 7|9kt @ 5-& wiEethe dge

A ATE 223 F(07:00-08:59) 2 23 5F(18:00-19:59)° thald 20191d & 2020 (COVID-19 Jﬂrﬂm
A3 545 7|F 02 EA3ATE AEnF AT A3t 3,600 99 =9l < 783ttt st
ARTFA 835 74T A FAEAFTY 6-8%7F 24, oA 2 o5 AFA 853 FHste A
13~16%°] A2k N aH7F Yebd 2o g2 FAHSIT mebA] HFARI o] At 858 F33
AAo A Fd= OTA AA] & ZoE HUEATH

-{nr

ACKNOWLEDGEMENTS

o] A7 MedTdolA Fds= AAIA HAME 2022-CR-012] A Po2 FAH S

REFERENCES

Cho, 1.(2010), “A Study on Government Support for Urban Railroad Free-Ride Loss”, Journal of the
Korean Association for Local Public Enterprises, vol. 6, no. 1, pp.1-19.

Cho, S.(2016), A Study on the Improvement of the Urban Railway Free Ride Program, Master's
Thesis, Dept. of Railroad System Engineering, The Graduate School of Engineering, Hanyang
University.

Choi, J.(2014), Analysis of Transport Policy Welfare Effects: Focused on Free Ride for the Elderly,
Korea Transport Institute.

Eum, S.(1987), A Research on Revenue Allocation of Urban Railroad in Seoul Metropolitan Area,
Korea Research Institute for Human Settlements.

Kim, S.(2016), A Study on the Improvement of the Free-Ride Policy, Master's Thesis, Graduate
School of Public Administration, Yonsei University.

KOSIS(KOrean Statistical Information Service), Business Operation Status of Urban Railway
Corporations. https://kosis.kr/statHtml/statHtml.do?orgld=110&tblId=DT_11020_E04&conn_path=I3

KOSTAT (Statistics Korea)(2019), Future Population Estimation(2019). https://kostat.go.kr

KRILA(Korea Research Institute for Local Administration)(2015), Rationalization of Management for

12 or=ITSYR=En| M2271, M22(2023H 48)



woley

ol

A HFA 230 2 3 Hat

Daegu and Kwangju Metropolitan Cities.

Lee, J. and Kim, C.(1995), A Research on Improvement of Seoul Metropolitan Subway Fare Policy
and Revenue Allocation Methodology, Korea Transport Institute.

Lee, M.(2004), Transportation Network Models and Algorithms Considering Directional Delay and
Prohibitions for Intersection Movement, Doctoral Dissertation, University of Wisconsin at
Madison.

Lee, M.(2017), “Transportation Card Based Optimal M-Similar Paths Searching for Estimating
Passengers’ Route Choice in Seoul Metropolitan Railway Network”, The Journal of the Korea
Institute of Intelligent Transport Systems, vol. 16, no. 2, pp.1-12.

Lee, M.(2022), “Generalized K Path Searching in Seoul Metropolitan Railway Network Considering
Entry-Exit Toll”, The Journal of the Korea Institute of Intelligent Transport Systems, vol. 21,
no. 6, pp.1-20.

Lee, M., Baek, N., Moon, B. and Kang, W.(2005), “Finding the K Least Fare Routes In the
Distance-Based Fare Policy”, Journal of Korean Society of Transportation, vol. 23, no. 1,
pp.103-114.

Lee, M., Baek, N., Nam, D. and Shin, S.(2004), “Finding a Minimum Fare Route in the Distance-
Based Fare System”, Journal of Korean Society of Transportation, vol. 22, no. 6, pp.101-108.

McKensy and Samil PWC(2014), Consulting Reports on Major Fields of Seoul Government: Urban
Railroad.

Ministry of Health and Welfare(2013), A Study on Improvement of Fare Policy for Seniors’
Transportation Usage: Focused on Free-Ride Policy.

N News, Elderly Welfare Card. https://n.news.naver.com/mnews/article/421/0005878368?sid=101,
2022.02.02.

Park, D.(2019), A Research on Connected Fare Allocation of Urban Railroad System in Seoul
Metropolitan Area, The Korea Institute of Intelligent Transport Systems.

Park, J.(2021), Study for Improving Allocation System of Integrated Transfer Fare Policy, Korea
Transport Institute.

Ran, B. and Boyce, D. E.(1996), Modeling Dynamic Transportation Networks-An Intelligent
Transportation System Oriented Approach, Springer-Verlag, Heidelberg.

Seoul Metro(2019), Financial Statements(2019). http://www.seoulmetro.co.kr

Shin, H.(2022), Estimating Revenues of Integrated Fare System for Seoul Metropolitan Public
Transportation using Smartcard Data, Doctoral Dissertation, Graduated School of Engineering,
Seoul National University Civil & Environmental Engineering Major.

Shin, S. and Lee, J.(2021), “Subway Free Ride Policy, Necessity of Government Support - Operation
Standards Change for Securing Sustainability”, Issue Paper, The Seoul Institute.

Shin, S.(2008), A Research on Connected Fare Allocation and Daily Revenue Allocation in Seoul
Metropolitan Railroad, The Seoul Institute.

Shin, S.(2013), A Research on Connected Fare Allocation and Daily Revenue Allocation in Seoul
Metropolitan Railroad, The Seoul Institute.

Shin, S., Lee, C. and Cheon, S.(2019), “Analyzing Changes in Revenue of Subway Organization
According to Bus Fare Increase in Seoul Metropolitan Area”, Journal of Korean Society of

Vol.22 No.2 (2023. 4) The Journal of The Korea Institute of Intelligent Transport Systems 13



woley

ol

A HFA 230 2 3 Hat

Transportation, vol. 37, no. 6, pp.486-498.

Shon, K.(2015), Problems of the Free-Ride Policy and Users’ Perception-Focusing on Countermeasures
against Financial losses Due to Free Ride-, Master's Thesis, Dept. of Public Administration, Graduate
School of Urban Sciences, University of Seoul.

14 PA=TSYUR=ZT M2271, M22(2023H 48)



