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AR SCHIFGEE % B, Wi LR AR f A 35 8 ( PD) 154 252005
SRR N I b 3 IR T ST BRBE TR 1, AT
PR PR A 3, 1 B A% W VU B TS B R
VLA, T 365 1A 2526 % T Fe: A 35 GDP( PGDP) i %
KD ENIE, U SR AR A B TR TH R R RO, 2
o PR T TR L BT S e L BT A R A8
JERISERE( TC) BN IE 9 A2 8 FE RIS HE ol 4z 2, o R
7 AT 77 2 T A AT AT A SRR I THE
8 0 55 0TI 521 0 5 6 A AR R VR ARG ™ T X £ 283
R ERN o TS LS SN T AR R BE A
HOEAR BB G b .
4.2 BHMEIETESYLESMNZRIES

FITAR 37 2 1 58 0k IR0 4 5 36 3 Tl A 28380 7 AR IE
RE AR R T ST AN L Ve R 2 B T X437 4%
L K BB LA W 25 S5 TR A 1 0 4% X 3 T A4 2520 14
A P00 T R4 52 BT S VS . F i Fk T D 3 T
DX 37 4520 S T T MR S A L 28 9 K TR K T S R
DA B 7 Ml 25 S5t A AT 434
4.2.1 AT RAZ L&A Ao 3R T ALY 3 AR I

R P R e = R X7 LA B O T 45 4% £ 43 2
W AR SCR IR 23 2R Th PG RO /N BEA T SRR 3. AR
S X 5 ) 4% 00 B D e ) s F DA A X Bk
T AR SR BB T LA TE 2800 P 3 X 2 2k 0 4 3

F6 ETHWHXAFEHEMEHAENRRED T

AR rpEs PHERIL T KA T N T
fiff e i
(1 (2) (3) (4) (5) (6) (7) (8)
0.184 9™ 0.1259™*  0.459 5% 0.456 6™ 0.159 8 0.077 2 0.395 6™ 0.395 7™
Ho (9. 50) (6.33) (13.57) (13.57) (6.40) (3.03) (18.71) (18.71)
0.258 7* 0.430 9 0.550 7™ -0.104 3
e (2.44) (0.96) (3.60) ( -0.92)
0.193 5= 0.213 2% 0.237 0™ -0.030 5
re (10.36) (2.05) (10.59) ( -0.56)
R YES YES YES YES YES YES YES YES
Wy x X YES YES YES YES YES YES YES YES
0.451 57 0.411 4™ 0.448 2" 0.475 57 0.432 87 0.452 57 0.100 1 0.097 0
g (3.54) (3.15) (2.58) (2.72) (3.36) (3.43) (0.62) (0.60)
Pk ) 3507 YES YES YES YES YES YES YES YES
b dma YES YES YES YES YES YES YES YES
R-squared  0.111 1 0.1155 0.104 2 0.059 4 0.0339 0.009 2 0.399 2 0.450 3
N 2200 2 200 540 540 1300 1300 1470 1470

TE: i T DR AT R, A HU o 2 B B iy [ A 855, 1 35T
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OB A TS RCR Z (A A i 2 VAR G, (H ] rh o E
5% KV Ll IE A . X AT AESE NN, AR R i X 22
IR K AR HAT R I 22 55 52 0 R ROl AR
i DX 22 T A BE R 5 35 ) 558 fR e o P T Hhy T b
DX FR , B B 22 T e KT AN AL 2 8 e DX R4 i
BRI )BT, DR M2 X AR e k45 A [ i Tl =2 1]
AR AL RO AN Y S 1 g i ek 52 A R 1 ) R 25 0
BRI R E . R e X S P X A T
52 5y S I R v VAR M XAk T ek T R B A I T A
AT ASI I 28 2 B L RES 4 L AS T AR AL A L 15
LB S B 22 5% K Jig L i W] e v [ v B H.
ALYt B E N — R

E IR v v R B S JEE e [R] vt E A 1 1
AL, AR SRR IR T 0. 551 F110. 237 A TR K T
G [ VR AR A /NS A RO B R e ] A R A R
LA AR S RCR M AR 0. 104 F10. 031, JEU R £E T
19 BRI T A AR A FARSE A7 A I I S R, o ki
WA B — T FERE AN S 8™ /AN £h T B AR
IR BRI, R 0 A 4 2 R Al 6 R S ORI L v R
T35 | B0 28 T PR 300 F A I35, B A0 30 5 B
il Ak, i T RS A RO B A
YRR TR T B AR P AR 4 /NS A R A 5
DRI ZE PRI X T J8 3 /N, el U0 2 R A I
KOBAABTIE Y “E A BE B, BELAGAS 3 X 28 5 A e i it
S R B A 25 B0 Y 2 A2 T R S B R )
AN A o

4.2.2 IR TR LA Ao gR T A 2 M 6 R AR B

BT BT I S KPR S5 R 2 R S
PEITAZER . T & ALY GDP BE 70 K 3
3R IR AR S skt s 7l R LA = 7=l s
i GDP HUEE A (A D 20 S o, 20 D 77 b 4 4 g 7K
b I VR A v 1 O o A A B a8 | WA ]
DA FE v 3T, L ik I 2% v BE R AR S A S A0R
ATAEREAE Y ABRAE R AR A M S5 H DA B2 AR B 30T e
BRI DB AR B B AR T BT K
JEIRIRTTAR BE  ARFE 28 T 3k 3 T e J52 4 0F BB % 463, v B
AEAS I 5 B AT P Y TC B A R 2, 5| BORBLZR 5%, N
M2 IR 2 5K B TR SRR . P S5 H 7K i
Il REAE I | SERE M RUBTROR P2 DX 7 b oh i FERE
I (I AERE AL 8 , i oy Bk S e kb 1 S8 BT A A 56 3
HI 55 B R s R, AL S A T AR it T i B
GEIR, 2 — P HES =l T 4 e M X 2855 PR A B, AT
XA AR CR A TE RN, T 7 M S5 7K -85 4 338 X o
FORWICHE I A R, BRI BO AR SRR AR THE A
BHAT R Wik 1R 2.
4.3 SHMEIE T ESREZ MV KL

NEERA b7, gk R 2 O BE AR AR S A B T3k 2R
RECRBIPET e Bk 19 245 300 il oA o e A 0 i A=
ARCRT A7 my BRI 26 % A AR kOn, B AT T S
JRPE IR A ML R R R o A 22 e ke T kAT
TERE Y5 AIR S5 b 4 SR A A o I 55 Ml A SR AR DAy e ik Y
ZR SRS T AR 2SR A AILR , S T A

x7 ETHHERKEME T LERENSRES

RIRGE T RBIRIR T P AR i ST PN A AR S T
i A Tt
(1 (2) (3) (4) (5) (6) (7) (8)
vE 0.134 3% 0.057 7" 0.427 9™ 0.426 9 0. 180 8™ 0. 085 0™ 0.316 9™ 0.317 6™
(4.53) (1.91) (23.92) (23.88) (6.86) (3.15) (15.52) (15.55)
0.452 2 0.0319 0. 446 8™ -0.183 4
e (2.32) ( -0.36) (2.9) (1.44)
0.229 47 0.037 6 0.245 47 -0.007 4
me (8.20) (0.83) (10.62) (-0.17)
P T AR YES YES YES YES YES YES YES YES
Wy x X YES YES YES YES YES YES YES YES
0.523 3% 0.529 6™  0.1245 0.1156 0. 663 4= 0. 653 3 0.2259 0.2258
P (3.24) (3.25) (0.77) (0.71) (4.34) (4.19) (1.61) (1.61)
P [ 257 YES YES YES YES YES YES YES YES
iy IX 30 YES YES YES YES YES YES YES YES
R-squared  0.134 8 0.074 0 0.2310 0.358 1 0.156 0 0.162 6 0.390 4 0.456 2
N 940 940 1 830 1 830 1 260 1 260 1510 1510
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EE,=a,DC, +qEE,,_| + a,SER, x DC,, + o, SER,, +
YBZ, +6( WEE) , +0W( o, DC,) + XBWZ, +
Ay, + &, (3)
EE, =a,BC, +gEE,,_ | + 0,SER, x BC, + a,SER,, +
>BZ, +5( WEE) , +OW( a,BC,) + XBWZ, +
A+ ey (4)
Ho SER, 7 1 ST ¢ MRS AR R E o, IR
MRV AR i BRI 45 28 B IR HL, 45 R o, BEH N
AE, R v R 190 45 0 S e e AR 5 A SR v 3 i A 2
ROR AT FREL o 35 ELU A7, ST BR 90 245 Je o 41 ol e 55
My SR BELAT IR T A= AR R T A BB o, AR RBTIR
S5l B TN 2 e K I 2% S MR S T A 2SR AL AR, H
EARARE A o X TR AL R B i, AR S K
WIS FIBFSTE ™, SR FH 39 IR 45 oMb g ol 35 10 kg IR 55 4

(1) ~(2) WEFEAKE AR 3) ~ (6) EHLH 3T Bk
RS SR A 5 o

M 8 BEBLIAE SR, A4 FE A B I AR 55
M IRAR R W4 FE R 0 JBE v ) G JE LR AR 2SR
R RBME RN P IR L5 5 P b L
EH IR 1% K B E R, B AR N IE.
3K T I 3R 7 e 55 ol 5 SRl 52 v K IR0 2% 552 W T A 255
FRA T ZIHL 5k I 245 -5 T AR 55 oMb A9 % sl L fie i 1
ABBCRIETE WIET B 3.

MAERY(3) ~ (6) FTRI, E R T AR A o g R 19 2%
OB 55 Ml 5 BE ) A BTG AR A A5 R — B (2
FEr/ N T R AU A 1, AR B B M. X RIIRAY
SR P e R A U e AR 55 L AR SR R T T A SR,
(EURAE /NI o R B e 0 A 2 55 L 8 SR X A

BRI A

7 8 JE MM 55 Ml 4 3R (4 SRS S BT

RS BHNEHIEH ESHEHIHRE

SR T AR . Bk 7R3 4.

(N KAV T N IR T
firp AL £
(1) (2) (3) (4) (5) (6)
0.239 8 0.191 5 0. 144 3= 0.050 5* 0.393 4 0.388 1=
EE/—]
(14.15) (11.06) (5.78) (1.97) (18.58) (18.31)
-0.059 3 0.1112 0.061 8
DC
( -0.36) (0.43) (0.24)
0. 183 8™ 0.283 6™ 0.0127
SER
(2.59) (2.12) (0.19)
2.418 3™ 2.4157" -1.787
DC x SER
(2.54) (1.81) ( =0.74)
~0.036 4 -0.0272 0.133 4
BC
( -0.75) ( -0.42) (0.55)
0. 156 8 0.173 8 0.005 5
SER
(2.31) (1.41) (0.08)
BC x SER 1.157 8 1. 408 5 -1.6262
(4.61) (4.16) ( -0.60)
P e A YES YES YES YES YES YES
Wy x X YES YES YES YES YES YES
0.348 2 0.331 9™ 0.356 0™ 0.384 1 0.099 3 0.150 3
P
(2.77) (2.56) (2.75) (2.91) (0.61) (0.92)
i X A5 YES YES YES YES YES YES
At [R]85 YES YES YES YES YES YES
R-squared 0.166 6 0.151 3 0.035 8 0.007 6 0.438 1 0.398 6
N 2770 2 770 1 300 1 300 1 470 1 470
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PERISR . S AERT ST 20T P AT 2R T 25
PR A D8 2 AV ASCEE AR G , 7R A R PEAG 3 v, SR TN 1 3t
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T LR RSO AT 2 2 5 s TR g5 BT
T 277 ASHEGL T HEA T SIEAG B . IR AE IR A
— 1 K 0 248 R JEE AR ] L B S A SRR Z R R
AWFENKFR 0 BRI AR R 28 5 PRS0 52
DA 2 ST U L 28 55 A JE KA1 LA 77 b 254 S o
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A EAEACTE LOAR ] B s B o0 205 Al 2l 95 oMb 4 2R 41 e
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TEAMERPE , e 8k 000 4 A5 ) T DX I 2 B PR 5 1) TR I
() i B Bt — TR FR B TR, & R R A
AT 5 AR, MR R e F bRk, e B AT IH
Ao R, 45 3 DX BURFATY B2 R ) 4 B v R 3t
PeiE v ST A R o B, BRI 4 e R AR
PRI HAT M DX 22 5, ARSI N TEk I B DA T g
FET DX U5 (1 AR S5 A Joe LA R R BRI vl 1 e Wy,
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Impact of high-speed rail network on urban eco-efficiency: based on the spatial

measurement of 277 prefecture-evel cities nationwide

LUO Neng-sheng' TIAN Meng-di' YANG Jun® LI Jian-ming' WANG Yu-ze'
(1. College of Economics & Trade, Hunan University, Changsha Hunan 410079, China;

2. School of Management, Xinxiang University, Xinxiang Henan 453000, China)

Abstract The operating of high-speed rail has produced great social-economic effects and environmental effects. The comprehensive
study of the impact of high-speed rail on those two effects, namely eco-efficiency, has important theoretical and practical significance.

Based on the data of 277 prefecture-evel cities in China from 2006 to 2016, this paper combines social network analysis ( SNA) and
spatial Durbin model ( SDM) to verify the impact of development of rail network on urban eco-efficiency in China. The results show
that: the optimization of degree centrality and betweenness centrality of high-speed rail network has srgnificantry positive effects on
Urban eco-efficiency nationwide, but the effects brought about by urban heterogeneity are srgnificantry different. Generally speaking,

the optimization of centrality has a positive effect on eco-efficiency in the central region and a negative effect in the non-central region
which means the high-speed rail network aggravates the negative effect of unbalanced and uncoordinated development of urban eco—
efficiency to a certain extent on the basrs, At the same time, this paper examines the mechanism of the results, and then finds that
high-speed rail network promotes eco-efficiency through the agglomeration of urban service industry. At the same trme, the urban eco—
effictiency re-estimated by the population geography matix and the input-eriented scale-based variableralue super-efficiency DEA model
respectively test the robusteness of the above results, and the conclusion remains unchanged. Proncote the constantly opfrmization of
high-speed rail network, imporove the ecnome and environment. Therefore, on the long run of development, governments should
continue to develop high-speed rail to construction of regin. However, when making line planning of high-speed rail, we should pay
attention to the regional imbalance caused by the siphon effect of central cities and its negative impact on underdeveloped areas, and
provide remedies and compensation by implementing some policies.

Key words high speed rail network; social network analysis; urban ecological efficiency; spatial Dubin model
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