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The impact of urban rail transit and synergistic development of urban-rural integration on rural
revitalization : the case of Zhengzhou City

CAO Yuliang', MA Yaoqi', YANG Yanying>’, SHI Rongguang>*’

(1.School of Management, Tianjin University of Technology, Tianjin 300384, China; 2.Agro—Environmental Protection Institute, Ministry of
Agriculture and Rural Affairs, Tianjin 300191, China; 3.Key Laboratory for Environmental Factors Control of Agro—product Quality Safety,
Ministry of Agriculture and Rural Affairs, Tianjin 300191, China)

Abstract: Integrated urban—rural development is an important way to realize rural revitalization. This study explored the synergistic
development of urban rail transportation and how urban—rural integration can accelerate the process of rural revitalization strategy. Taking
Zhengzhou City as an example, this study used the minimum weighted average travel time and economic potential index to measure rail
transit accessibility as the level of urban rail transit development, constructed an index system for urban—rural integration development and
rural revitalization, and used the entropy value method, coupling coordination degree model, and vertor autoregressive model to investigate
whether there is a synergistic development mechanism between urban rail transit and urban-rural integration development. In addition,
whether synergistic development affects rural revitalization development was analyzed. The results showed that the coupling coordination
value increased from 0.10 to 0.99 from 2012 to 2020, and developed from extreme disorder to high—quality coordination. The Granger
causality test showed that there was a one—way causal relationship between urban rail transportation and the urban-rural integration
synergistic development value and rural revitalization. The results of this study showed that both urban rail transportation and urban—rural
integration have a synergistic development trend, and synergistic development has a catalytic effect on rural revitalization.

Keywords : urban rail transit; integrated urban and rural development; coordinated development; rural revitalization
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Figure 1 Regional distribution diagram of Zhengzhou City
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Table 1 Specific point location distribution
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Figure 2 Theoretical mechanism of rail transit and urban—rural integration
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Table 3 Indicators of urban and rural integration in Zhengzhou City
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Table 4 Indicator of rural revitalization in Zhengzhou City
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2020 4 38+ 2 12 003.0 1270, 8 A A 3 K T 4 i

x5 BEMAEFRXIDIRE

Table 5 Classification criteria of coupling coordination degree

A PR BE DA X 5]

Coupling coordination

S P R

PR Degree of couplin
Coordination level g pung

degree D value interval coordination

A PR BE DA X 5]

Coupling coordination

e bl R R

PR Degree of couplin
Coordination level & pung

degree D value interval coordination

[0,0.1) 1 SR [0.5,0.6) 6 s A
[0.1,0.2) 2 JEEE R [0.6,0.7) 7 WIF A
[0.2,0.3) 3 eSS [0.7,0.8) 8 e RN
[0.3,0.4) 4 BRI [0.8,0.9) 9 =R SRISTG|
[0.4,0.5) 5 Wil 2k i [0.9,1.0] 10 5 A
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Table 6 Indicator weight of urban and rural integration in Zhengzhou City

W1 w2 W3 w4 W5 9 w7 W8 W9 W10 Wil W12 W13 w14
0.071 0.059 0.092 0.057 0.082 0.105 0.042 0.041 0.068 0.089 0.040 0.067 0.138 0.049
RT BIMT 20122020 FH L MAELRERHRS
Table 7 Comprehensive score of urban and rural integrated development from 2012 to 2020 in Zhengzhou City
2012 2013 2014 2015 2016 2017 2018 2019 2020
0.116 0.165 0.262 0.316 0.431 0.564 0.730 0.794 0.821

100% . HSM T 2855 K& KA A HEA 56—, ™
b 25 K L 7R R TR R, = P B AR R T
2013—2020 AN T HAE AN T 919.12 77 A K &=
1261.70 J7 A, 3B 16 A T M 616.55 7 A3 K =
989.17 1 A, WAL FARN W HE T, 3k 2 N 1 LA
AL R S N H RS AKCERWT R T . TELTE AW &
& SERE A AL ot A H 2R BE TR RTEE T, AN
M2 @G & KR BT,

2.1.2 T E 3 R SR K-

AL A7 RT DA ket 30 3 A8 38 O e K
WA D) ~ () T35 15 B P v ik P EE b
fEGETo3 B A TEE PR HEAL AR B, fie/ N IACT- 2 iR 1 7
R[] S 70 ) F8 B, A B85 2 rh 08 15 < i B R, 4R
Fe e/ VIR Y57 Tife A Hsf [va) 4 et s B8 AR A 2 560 1 o
IE M dE bR, A PR S 2 AR s B R O, R & UF
TS TR FE R, A5 SR N3 8 B .

2012—2013 4R 55 — KB LM Ak I R A2 B
J&i AR S/ IN AT 5 i A 7 i ] S 25 4 /1N, Bl 2 3
ST LR AN KT 38, FEAR 0 B SR 2 T 8 A R s
X A A T (B 77 AR R . 2013—2015 4FHLIE A8 38
LR BEAL T I /NS4 i A 7 B[] - BH d
BEAG, 2 008 S 218 1 . 2016—2020 4 Z 4551
TE AR FEAENIE G e/ NI 24 i A 7 I (1) 528 ¥ e
I, DXCIR &R T v g i Tt v, 28 X R A s IX
AR B W TN S IR S5 B ) B [ R
D AR TR A S AR . LB SRR R R
Frp, IR G0 ) AR T, Aol X0 B X

W5 | 73 22 TR R, 20 DX B R A S i) v i X
P o 2013—2022 4F , FB N T L8 A8 18 17 Lk B K
M OHEK 2 206.3 km , FEul B IN 152 i, 7E HE LR BE K
K 235.3 km, B2 500 132 g, 78 HC 38 X B — A
IN— IR B ML L S 2 . A S AR K s e
2013 4F 1 65 J1 N IR MG K 2 2020 419 34 101 71 A
W, HiF 2019 435 41 126 5 AWK, HoR SR KT S 31
ARG K o K T AT A 3 O 6% 1 2R 2R T i,
TR T B RAZSE AN, IR S mA R RS T R 4T
(1) St 52 it (R e

2.1.3 FE PR R R

0 o A I R AR AT LU M ek T T A2
53 % mlA R Z B D R R R FR B W e NI
BIHRAT B 8] DA B 28 550 1 i 25 5 KA R UL 3k &
Bl A & LA KA R Us, AR AKE B 10 U8 5 B 0 3
BN (12)~(14) 13 A PR B 3 1 2 [ 4
B PRI B2 A ) A3 b R W — 3 DR SR GG O, e &
AR BEEGS R R 9 P .

2012 B IR R ANIZE, LR IEIR T
1553 R B8 A AT A KT, TR M 5838 5 4 %
B R R Z 0] ) U PR 2%, Uh R R B Ol ™ o 2K
2013—2014 4E L IE 52 @ W) A $ A iz 8, BLiE 2838 ]
KPR E T, WA 2 mil 5 R B s Be, =
JEAR BE RN, b T R Wi S KO AR X R A
398 DX ) (58 R R ) I A 1, SR/ NI 2 A 7 ) K
WE 47 J 5 2014—2016 41 18 53¢ i 26 j% b T e i
RIS E B B LKW S, i A] ik 1

R 8 WG & Al A AR R

Table 8 Standardized data on urban rail accessibility

15%5 Indicator 2012 2013 2014 2015 2016 2017 2018 2019 2020
S /IS 249 i A 7 ek ] 0 0.547 0.547 0.547 0.635 0.894 0.894 0.951 1.000
Minimum weighted average travel time
235541 Economic potential 0 0.148 0.196 0.255 0.351 0.503 0.613 0.768 1.000
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Table 9 Coupling coordination degree of rail transit

and urban—rural integration

G PRIAEE DAE MRS S PR

R Coupling coordination  Coordination  Degree of coupling
Year degree D value level coordination
2012 0.10 2 J 2R
2013 0.36 4 BRI
2014 0.48 5 Wil 25 98
2015 0.54 6 SRR
2016 0.65 7 I
2017 0.79 8 P b
2018 0.87 9 R AF P
2019 0.93 10 PE TR
2020 0.99 10 Pe T bp

WO BANS , A YMRRR AR S Wl RN P IR K R E
TR M ZE 18 52016—2019 4 £ 25 3 2 3 2k % I3
B RIBIKE T, R £ fl s & el
FPETE, —F YRl & SR AR At ) A 1 7 R R A
R R AT R

BUIE A AE TG BN i AR P R AR T T IR %
2 [A] 9 28 3 n] kP hﬁ%’ﬁ?ﬁ%ﬁ?iﬁiﬁ]ﬂu‘ﬁ% ¥ % fil
BLEA KRBT RIEHEK . PaE 50 n] ik dE R i K
AT, 0 S RlE R SR I B % . EHIESS
R JEAT R BUIE S PGB B R I in B A A
0y, ALIAPEKOF 2 e, I S Z ML o o IR 2R
LA A2 TN , YR S G 2R G R SRR
HEEFRT. WS AR kRST8] .
*ﬁ‘$ F AR S5 F TR I T SR IR, 38

A3 N W bR A 1 DA R S i R R T

PR I 1T DA X5 L S8 R R R I A IR S mil s ke
B MR S G & R 1) i oK S 1 A2 38 i
K, 3 Z BB S U R &
22 ME% B S R H RN

SRy BRI T A A2 53K S mlG IR kR R &
PR D4R AFAE M, AN ST 455 VAR SEE 5 B
T3 2ok AL ARG B SO TR A 5 DA R A 22 AR T
IR 90 A5 S UE WA T A B o R IR T 2 A e 5
émﬂAﬁ%Amﬂ@’Eﬁ%ﬁ X, SRR AR
JRABAE AR AR 5 Y IR AE T P ARt ad f b & 4
PRILI K S sé%ﬂfma_sc@ 53 % mA R & R

IR . AT BR S 25 0 X Y OS2 InX Al InY .

2.2.1 B PRV ER 5

B 1k 525 B AR EUJ@E%,X#MX*HIHYE??
ADF K356, ﬁn%iﬁz%ﬁf?ﬂ%ﬂk% TR 2 50
DAL P AR AR ISP F2 . 3 i ADF A6 5075 41 InX
5 nY Y Tmﬁ{ﬁi@ﬁﬁ: 1% .5% . 10% B . 2 7K -l
FHAE (3R 10) , UE BRSO 17 41 S BT RRolR A W 2
2.2.2 My mAlUh Ja AL

IS & InX A InY #E7 CL H ) VAR BLRY i
I e o7 0TI 7 2 43 i oA HAR 3 A L1 2858
Y 2 RGP R REEE N 2 AR DOK - Z R B R . i
b ATC A7 5L DU SC Y DU AR T ASE AU S SO 50 ) 4
TR U BRI, 25 3R 11 B s T A A
TS BN e 2, W 2 B VAR AR,
2.2.3 HE AR RA T

H F InX 5 InY 508 15 90 AR 41, TRk e 471
FEARTF LA TR, ER I D A R SR 5 &

R0 FRMEVEER

Table 10 Stationarity test results

A TBAH 1% Ef5KF 5% EAF KV 10% B A5 KF Rt
Variable T—test value 1% confidence level 5% confidence level 10% confidence level Stability
InX -6.862 -3.750 -3.000 -2.630 A
InY -10.192 -3.750 -3.000 -2.630 FA
F11 HEMEIRER
Table 11 Selection table of lag order
LAG ILIL, LR FPE AlC SC HQ
0 5.548 88 12x107° -1.013 96 -.1.029 42 -1.204 98
1 31.5724 52.047 2.6x10°° ~7.306 40 -7.35276 ~7.879 43
2 50.698 9 38.253%* 6.3x10°* -11.628 3* -11.705 5* -12.583 3*
TE AR AL 5 1, B i T A
Note: * represents the optimal lag, the more *, the better the lag.
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JE MR S I R, £ B IR2SK Al 2B it i, L
RN PIEASHE IR S @G EL T o AW
AN [ AR B2 J2 TN 55 80 ) AR DA S e AR SE R TR
FI A , I AE 2 Bl A SO AR DL R 40
JETEXT & R PR A AN R R B L VR A
2.3 hEZREHD S HiR¢

A S M IRSAE PR IR R DL SR 3 VAR SEIE
Sy TR B0 A5 Y, T A 2SS S IR S A b R &
JEXT & R4 AR IR LR 2 T 5 L
Y IE ] 52 0 38 s B A BILE S — 2 A 0
Mo VEASZ M HLE A& 3 B .

T BB AE 38 5 I S G s B0 T R R R R R
B, 358N ) L Hh A DL R AR S PR R A &
Z AR B — A0 B AR A IR & Z R 25 KT
AR SGEAF B U A R R AR BIIL RARE . 3k
Sz i 5 A R L E TR, AR TR
AR A GHA X, DI S B b D E R L £ R Y
PP AR LB AT LA AR FE Y 1 77 Ml 22 [] 7 P
[ i, ot — = AR R A sl AR A
P 26HE K R IR S AR AR A A F T T 28 B) B R PR

563 S ARG BRI 5 & R 22 (A A 25 PR —
FRARGRE — R, FE T8 BRI A SR BT IR A
S AN B SRR /B7S TR W NI N1 B2 E RNE RN
B EWM S (5 BRI G RET , 2005 fE BB T I
BAT MR G HEAT PR P 538 L2, Rl 47 4k
PR SAC T 5 ST TR, EE SN
J BRSO AR NI IR BIARS £ KSCHT 5 30 % 28
R il AT AR B It 28 SR B0 & R 5 A R TR
LA TR) AT, (AR 2 25 (e ALK 4 2o e v, 5 S 40
k NRZS5, A IR iR £ N D RER A R 5F
B AR T £ MR EEE ST, IR E £ FHA BA
R0 HEE I AL 2Bl S IR B RARAS IS Z AR
AT B AR T A AR T 2R A It S T T 4 22
W ERGR /N A 57 3l 77 FE RS A T RO A
KPR , 5E 5 AR ROl 2 iR i T S M R
(A 18 KF  NITTE B £ A A T = A

PR AL RARZS R 3R 2 Ik B2 5 A28 58
M 5 B Lt 2 8 22 SR A B R, R T e i 2
FHIRS D HE AR EE L & XSO G BA AL R
T E S AR,

3 it

BT SR A5 A A Al R ST I 5 S k2
Rl A B 1] PR ] R A s ST U IE S T
SIS Bl U E A R Al ko5 3h g A

®12 BE=ARERKRE
Table 12 Granger causality test
JEE % Null hypothesis FHR B F—test e 3 Lag period P1{H P-value ZE R Outcome
InX A& InY 4% 22 A8 5 A InX dose not Granger Cause InY 19.917 2 0.048%* 4
InY A& InX (4% 22 25 J5 K InY dose not Granger Cause InX 18.106 2 0.052%* B
e R BICSRAE 10% 5% 1K 13
Note: * and ** indicate significant at the 10% and 5% levels, respectively.
> WZLES PRy [
T T S e
1) 2
g BT e HAER [ B i
J& ¥

Iy
Ll moiome | SWER o [

THEMHT AL

oo
3

0

B3 thE & RRE 2 MR IRV

Figure 3 Theoretical mechanism diagram of promoting rural revitalization through coordinated development
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