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An Empirical Study of Transport Efficiency of
Urban Rail Transit Based on Data Envelopment
Analysis and Tobit Model
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Abstract: This paper constructs a data envelopment analysis
(DEA) model to analyze the transport efficiency urban rail
transit of 20 cities in China by using the data of 2015, and
then uses the Tobit regression model to evaluate the
correlation between the transport efficiency and various
factors. The results show that the overall efficiency of urban
rail transit in China is low. The pure technical efficiencies of
the cities that began to operate urban rail transit systems in
last three years are higher, while their scale efficiencies are
lower. The rail transit systems in most cities are in the
increasing stage of scale revenue. The transport efficiency of
urban rail transit is related to the density of railway network,
quantities of stations, and transfer stations. The density of

railway network has more influence on transport efficiency.
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Tab. 1 Input and output indicators of urban

rail transit
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Tab. 2 Input and output data of rail transit of 20 cities

in China
BA F=
WO EEAE PUEOEE  MRER/ iR/
KE/km  Bi/fRE (Q00kWeh)  (FA -« km)
b= 631 5 024 158 585 2 802 586
i 683 3797 172 509 2 700 005
Rt 147 626 26 475 345 906
EGN 202 918 42 834 602 453
B 179 1284 60 950 855 463
BHR 232 1120 42 888 587 128
by E] 121 300 11 275 218 417
K& 60 395 4 200 65 207
Kk 167 500 6 539 118 693
Ji% 180 732 24 784 303 976
g7 51 324 15 848 111 296
Bivll 70 219 6 660 95 497
A3 59 240 11 308 87 698
B 81 468 22 191 201 523
el 27 108 6 488 60 953
) 46 162 9 760 33 690
T 49 276 10 192 20 546
P ) 56 276 13 252 50 448
) 29 138 135 780 61 198
== 11 48 4015 5 886
BfE 683 5 024 172 509 2 802 586
B/ME 11 48 4015 5 886
THhE 154, 05 847.75 39 326.65 466 428, 45
PR 184. 06 1279.29 52 642.58 814 099. 30

LB R B v R IR TR T BB ST E
2015 AF BEGLTHFI 23 47 i ). ~F- 3 ik A B R AR 452
BRBREM S HH H R R . B AT
SN 0A « P B = TP A 2 i LA /3 i A
BT AR e, 3 R X T AR R R B el
TSI % 2016). BAABHE L% 3.
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3.1 WHHLELEEE RN

HTF FAREAE A SCR A CCR B A1f BCC &K
RIAF5HIRT 2015 A7 B KR HL X 20 MR T M BIE SR
WIZHREMT T 8. CCR 8 T+ B IR T8
TE AT LR A 0K, BCC LA ¥ 3R B 383
(A Al AR RO AR AR (1 . AR S,
AR 4 fizs.

MEEEBHRFKE, 20 Ak b Bl R
YITLFH 4 AR T 095018 3838 12 56 0 25 B AR E 5
155, 3128 1. 000, T ELAATT B4 2 45 AR 3k e (8 AR 3%
RN 1. 000,i5F] T DEA B2 UL LIk 4 3k

ARSI B S AR RUH A, 72 T R ORAE Y
Fin AR HAy 16 MM M HLESE B M E5 5
MR BA LT DEA A 8%, U A B A BRI E WA
SR H— LB 5| B AR IS » 1 75 I L S 15

RI3 BHREXEVMEERRER

Tab. 3 Influencing factors of urban rail transit

it Fuk/ B/ T %M%‘f%/
23 & [ B/ km (km ¢ km™2)
b5 348 109 1.813 2 0.450 4
it 375 118 1.8213 0.683 9
K 87 4 1.689 7 0.166 0
EiY;S 119 16 1.697 5 0.151 9
231 | 131 26 1. 366 4 0.198 9
g 121 15 1.917 4 0.307 2
b/ 113 3 1.070 8 0. 260 2
K& 65 2 0.923 1 0.118 5
K 95 3 1.757 9 0.422 3
FRER 91 6 1.978 0 0.292 3
P 40 2 1.2750 0.101 9
Byl 70 2 1.000 0 0.152 7
=] 35 0 1.685 7 0.140 3
e 57 8 1.4211 0.160 1
1l 17 2 1.588 2 0.170 8
K 23 0 2.000 0 0.147 3
F 41 11 1.195 1 0.152 2
T4 45 2 1. 244 4 0.170 0
ME 24 5 1.208 3 0.094 4
Hi 10 1.100 0 0.019 4

F4 HE0ETHHEZBEHRERITEER

Tab. 4 Rail transit efficiencies of 20 cities in China

T gh Hk A %}E‘% WMEE
L& L& B liey MEHT
Jb3T 1,000 1,000 1,000 RAF 1
Lt 1.000  1.000  1.000 A 1
e 0.785  0.822  0.956 B 10
Y3 0.919  0.928  0.990 iy 6
wHIl 1,000 1000 1,000 AR 1
BEE 0.801  0.809 0,989 B 7
A 1,000 1,000 1,000  AAF 1
K& 0.801 1,000 0,801 B 7
Kt 0.937  1.000  0.937 iy 5
BLER 0.663  0.688  0.963 I 12
[l 0.501  0.657 0,762 B 16
T 0.742  0.998  0.744  BIY 11
B 0.510  0.666  0.766 B 15
B 0.612  0.697  0.878 B 14
il 0.788 1,000 0,788 B 9
Kb 0.289  0.516  0.561 iy 17
T 0.118  0.418 0,283 B 20
T4 0.256  0.447 0,573 B 18
HE 0.622  0.852 0,730 B 13
HE 0.172 1,000 0,172 B 19
M 0.676  0.825  0.795
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A3 T T8 Al B A R R A T — R AR R K
-, KRR AE R KT 2 0. HA, KV T L
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AR IR T R A TS I R B, T S E W 4 R
T » T FF 308 2o 2R B ) 2 0 B R D, AT R B
2R AT B 3T IR IR R 55 T .

MEEFARYEARE 20 Mg A 8 MR
AT ARRME R 1. 000, 12 MIRTET 1. 000, 4idy
RECRIGT-HEN 0. 825, 10 AT T V-341H,
10 A TR T FH4ME , BERA R EAF 10 IR IRTITHL
EAFEAYRTERS IR T 8.
15 5 A AR B FRAE R 1. 000, 75 B RO 4l F AR %k
A KO, 852, A FE A2 B i Lk 1 1 38 3 03 2858
LR BRI AR T SR M S B4 R Se ik, BB RER
1%, B LA B AR 8 R B AR R

IR K, 20 AR AT AL 5, g IR
Ik FH AR A8 2 1. 000, Eo4y 16 MK T
1. 000. AR IGME R 0. 795, 11 DI
T, 9 A ATIE TV 3. Ui KR ZHOR T 1
TH A8 58 15 B A T — S TR R B 2 1 A B B 4
2%t F 3 I R G AR I L SRR,
WKV T T E S5, WA 5 &R 2 L
22 W 12 T Y [ .

i b, P ER T A E B AR B Rk TR
A, AR KR 25 1B). 20 AR, Rk
W R RYI PR S A S R A B T
DEA B3 KV T L8 & 5 ST 8B H
REAE, 7T §E5 LRI TT BT A E T 4 R
T RA <. BRALET . L R ok BH L Ab , oAb 3 T
A1 <2 T A Ak T SR I 2 38 B B U R SR T B
A2 B8 8RR B B R 5 B R, T KE
R, R THE RCR.

3.2 REETHELEEHAENEESHT

HFREAR R, AR A Eviewsd. 0 84
B—XF R B R T 42 o B i L - 0 R] BE L BRI
R A FhEZm B HEAT Tobit BIJA43#7. Tobit fE#
[\l 45 R AN 5 FTR.

[ )9 25 SR R B - Sl B0 S 3k T B 38 W32
HRCRE S B IEADC, RECH 0. 001 8, BEAA 1 $K
BRI T BE A @ B ORI RN,
b E e R IE SR IR . B E 1 AN
MESBE RTHEXEN SR REER

%465
0. 001 8~Hffs,
R5 HIMEZEH Tobit A @74 R
Tab. 5 Tobit regression result of
influencing factors
g £ WiEE  Z&irE BEATE
Wik 0.0018 0.0005 3.5252  0.000 4%
T 0.5037 0.0693 7.2727 O
eI ¥E®  0.0038 0.0017 2.2078 0.027 3™
B R 0.6125 0.0630 9.7284 0O
- Hayeka] B 0.1863 0.1805 1.0325 0.3018
B 0.3986 0.2753 1.4480 0.147 6
g by 1.0915 0.3431 3.1808  0.001 5**
T 0.4378 0.0905 4.8368 0

s wx Fm SU BB E AT o0 TR 1B E KT

e T 2k B0 5 IR T L AE E B AR 2 E
HHIE, BRECH 0. 003 8, ULBAHRIfe £ S L , B
BRI . AR 1 AT R R B, IR PGB RS
T 2 SR 3R 0. 003 8 ANEA.

SER LA R A R BN IE B SR B3, UL
IR T BT A - v R R S iE sk R H R
. OF- 353k 18] BE W R /NFEAS BESE il 388 T 250 3 32 11

B E SR HEE NSRS EEREE
A, Rk 1. 091 5, 1 B 5 0 4% B 2 52 MR il 7T
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1. 091 5 A BAfs,

4 ZEig

ASCHEF DEA BRI H ] 20 MR 2015 4F
(03 28 12 S RCR BEAT T PR 45 SR AR W P
T P332 38 12 B AR 2% AR B i F AR OR
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RAZ S FLAE O 1D BT AR B AT e, 6 B b i Y
PR UV FLR 8] 7= R AR A, BT RSB WEL
P, K Tobit BLRIXT A E IR i BB A 2015 4Fiz
Bk R 5 i PR R AT A SR T R BN IR T L
TH 22 T8 1 B AR R R A R R TR 25 B I o L e ofe
IR MR

I BT, FTLAASEILL TR &L
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(3) e W 5% BE e T Al MR R e ol R R R
SRTTHE AL s e R E B R Hp B
Xt TS AR BRI . [ 0 4 B LA, 3R T LI A
I PR IE R AR R DRI ST A 2 A 7 T S AR
VeI, B B 75 SR R A X B B T e L
T, HUJR B BB 25 B4 o o P 42 .

S E 30k

(1] B%FF, 88, /. BlTHEGE 2016 F£51HMa 0]
FATRGE, 2017, 30(3).1.

HOU Xiufang, ZUO Chao, LI Nan. Statistics and analysis of
urban rail transit in 2016[J]. Urban Rapid Rail Transit, 2017,
30(3):1.

ALVARO C, MARKELLOS R N. Evaluating public transport
efficiency with neural network models [J]. Transportation
Research Part C; Emerging Technologies, 1997, 5(5):301.
BH, B, KEE, S AR EUEFEIBAHNIM].
b3t AL AL, 2007.

FAN Gang, YANG Zhongwei, ZHANG Yansheng,

QOutline of macroeconomic theory on public ownership[ M.

[2]

[3]

et al.

Beijing: Economic Management Press, 2007.

KA. HOFSHESANRSEREMEID]. HE . K%
K, 2014.

YU Liyan. Resarch on bike-and-metro system [ D]. Xi’ an:
Chang’an University, 2014.

R RATHUEASE S WAL R R AR RID]. R
#P . FERESCE A, 2004.

ZHANG Xuejin. The study on the transfer between urban rail

[4]

[5]

transportation and conventional public transit[ D7]. Chengdu.
Southwest Jiaotong University, 2004.

MRiie, 220t ¥R TR S Aas iRt (1], B
TREARKFESM, 2002, 16(2):136.

CHEN Lihua, LI Yan. Research on the transiting between
Pudong airport and downtown in Shanghai[J]. Journal of

L6]

Shanghai University of Engineering Technology, 2002, 16(2):
136.

[7] GUIHAIRE V, HAO J K. Improving timetable quality in

L8]

L9l

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

scheduled transit networks[ C]// Trends in Applied Intelligent
Systems. Berlin: Springer, 2010 21-30.

W, REGE, MbE. BTSRRI R HUE AN
YOEB VTR R R E o [J]. S5, 2012, 32
(11).38.

GUO Qian, WU Dianting, BAO Jie. Evaluation of accessibility
in urban rail transit network of Beijing based on transfer
efficiency index and the analyze of its cause[J]. Economic
Geography, 2012, 32(11):38.

NAVARRETEF J, ORTUZAR J D D. Subjective valuation of
the transit transfer experience: the case of Santiago de Chile
[J]. Transport Policy, 2013, 25(1):138.

WEER. LERTHE SR RPCRHR[D]. L LR
ARIEKEE, 2007,

ZHUGE Hengying. Research of the transfer efficiency of
Beijing city rail transit [ D]. Beijing: Beijing Jiaotong
University, 2007.

TERRHE, VERL, XIEM, 5. RS E T IR T GBS E R R
RN PIE]. R EERE:, 2014, 36(2).87.
WANG Mingyan, WANG Hong, LIU Zhigang,
Evaluation of urban rail transit efficiency evaluation for

et al.

operators [ J ]. Shanghai Management Science, 2014, 36
(2).87.

X, - THAEAL 67 (DEA) KR BB B EE M R
BRID]. BLER: FERESE R, 2008.

LIU Xu. Evaluation and improvement for the operation of
urban rail transit based on DEA[DJ. Chengdu: Southwest
Jiaotong University, 2008.

XA, 258, fF, %. BT DEA Jik iR {20l
AREHELT] BB SEF, 2008, 30(4):61.

LIU Zhigang, WU Qiang, HE Jing, ef al. Research on the
comprehensive efficiency of urban rail transit based on DEA
method [ J]. Railway Transport and Economy, 2008, 30
(4).61.

27, PkEEEE. T DEA Ml Malmquist 35 %A% 35 7 138 258
MlkREET]. MRERSFZRARBERD, 2015, 14(1):10.
LI Lei, YAO Xuanyu. On urban rail transit efficiency based on
the DEA and Malmquist TFP index[J]. Journal of Jiangnan
University(Natural Science), 2015, 14(1):10.

QIN F, ZHANG X, ZHOU Q. Evaluating the impact of
organizational patterns on the efficiency of urban rail transit
systems in China [J]. Journal of Transport Geography, 2014,
40.89.

EEWAR), SRR MR BRI T BUIE 5@ R LR L 2 B RS
EL]. Migusss@ssg, 2007, 10¢10):12.

BI Xiangli, SONG Jian. On efficient planning, construction and
operation of urban rail transit[J]. Urban Mass Transit, 2007,
10(10):12.

CHARNES A, COOPER W W, RHODES E. Measuring the
efficiency of decision making units [J]. European Journal of
Operational Research, 1978, 2(6).429.

TOBIN J. Estimation of relationships for limited dependent
variables[J]. Econometrica, 1958, 26(1):24.



