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Table 1 Indicators system for measurements of smart development in Chinese resource-based cities
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Table 2 Description statistics of smart development and environmental quality in Chinese resource-based cities

A% PRagE it
O RO RUME O CPSE RERE RS A0y RORKE RME CPIE RRER BRI
2003 1251 0265  0.644 0.198  0.308 2003 2810 1.009 1554 0425  0.273
2009 1478 0365  0.875 0225 0257 2009 3943 0974 1539 0532 0.346

2015 2.497 0.428 1.082 0.29 0.268 2015 2.931 0.991 1.471 0.426 0.290
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Fig. 1 Basic statistics of smart development and environmental quality in various types of Chinese resource-based cities
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Table 3 Coupling and coordinating degrees of smart development and environmental quality in Chinese resource-based cities

2003 4F 2009 4F 2015 4F
i Wit R DA Wi A PR EE i R B8

IS4 1 SRR T 0.999 SERLI AR 0.881 SRR Z Wil 0.903

2 B AT 0.883 R4 DL R T 0.872 S R 0.870

3 e 0.852 PRBHTT 0.854 £k 0.838
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5 (oSt 0.831 (oS 0.835 Ea=0il 0.819
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109 THFa T 0.580 BN 0.575 T 0.581

110 TE M 0.572 BT 0.559 HAET 0.564

111 73 0.572 A 0.546 kM 0.552
¥i{E 0.718 0.682 0.674
brifi2s 0.066 0.061 0.059
BIHGREL 0.092 0.090 0.088
R LA/ % 19.82 20.72 27.93
TR LB/ % 41.44 51.35 44.14
I /% 32.43 21.62 18.02

P B A L 11/ % 6.31 6.31 9.91
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Fig. 2 Basic statistics of coupling and coordinating degree of smart development and environmental quality

in various types of Chinese resource-based cities
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Table 4 Test for stationariness of variables of smart development and environmental quality in various types of

Chinese resource-based cities

e PEUR AR T BT NI BTN A R Pk T PRI
- HTK:Y: IPSARES  HTA IPSK:  HTKE IPSKE  HTKE IPSKEK  HTKE IPSKLR
InSD  0.17"  -8.09™ 0.04"  -3.727 022" -4.75" 0.13"  -3.50™ 0.18"  -4.53™
InEQ 0.027 -11.62"  -0.09"" -447" 012" -8.83™ 0.06"  -4.15 017" -4.56™

Ve L T UMIEORTE 1%, 5% 10% UK F i, TR R oR HTANIPS Kegodf A4t
KA 1, 20 SWIMPREE R 1. 3307, A G DRI A A JR T 1 U1 B
SRS 1L RSB R SR T RS I A R it In 1 2 W) S SRR B 14, e
HoA S R 5 E N IE, R A ARSI, RS A R A B i
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Table 5 Panel VAR model estimated results of general situation, recession and regeneration types in resource-based cities

IR I TEIR AR T PR Rk TIT
InSD J5 2 InEQ 7 InSD J7 i InEQ 2 InSD J5 2 InEQ 7 i
0.44™ 0.05 0.46™ 0.06 0.75" 0.16™
L InSD L InSD L InSD L InSD L InSD L InSD
- (5.89) - (1.53) i (3.62) - (1.14) - (6.72) i (2.60)
0.08 0.63" -0.12 0.73" 0.22 0.64"
L, InEQ L, InEQ L, InEQ L, InEQ L, InEQ L, InEQ
(0.83) (7.20) (-0.98) (6.43) 0.91) (2.26)
0.12™ -0.05' 0.20" 0.04 0.10 -0.08"
L, InSD L, InSD L, InSD L, InSD L, InSD L, InSD
- 278 - 175 =" (2.46) = (0.88) - 153 ™7 (c1e8)
0.13 0.10° 0.20" -0.03 0.03 0.20
L, InEQ L, InEQ L, InEQ L, InEQ L, InEQ L, InEQ
(1.30) (1.92) (21 (-0.38) (0.15) (1.10)
0.08° -0.02 0.02 -0.07
Ly InSD Ly InSD Ly InSD Ly InSD
— 190y =™ gy ™Y 0290 - (-131)
-0.09 0.02 0.06 0.06
Ls InEQ L; InEQ L; InEQ Ls InEQ
(-0.99) (0.53) 0.71) (1.03)
0.03 0.03’ 0.02 -0.03
Ly InSD Ly InSD Ly InSD L InSD
- 123 ™7 qee ™Y 019) - (~0.64)
-0.01 0.07" -0.17" -0.02
L, InE L, InFE L, InE L, InE
« InEQ (-025) - 0 (1.98) = 0 (-1.93) = © (-0.39)

T S NBE RS, LARGRES 8, TR
F6 RUIKEIFIR AR T RN T VAR VAR BRI R

Table 6 Panel VAR model estimated results of growth and maturity types in resource-based cities

KRG PRI ARG AR
InSD J5 InEQ Ji 2 InSD J5 2 InEQ i
L InSD  044™(3.88) L, InSD 0.05(1.10) L InSD  0.457'(4.63) L InSD  0.06'(1.66)
L InEQ  0.32(1.06) L InEQ  0.70""(3.46) L InEQ  0.09(0.49) L InEQ  0.62™"(3.88)
L, InSD  0.15'(1.65) L, InSD  —0.09(-1.31) L, InSD  0.13"(2.06) L, InSD  -0.02(-0.86)
L, InEQ  0.02(0.16) L, InEQ  —0.05(-1.03) L, InEQ  —0.15(-1.15) L, InEQ  0.08(1.16)
Ly InSD  0.16"(2.48) Ls InSD 0.02(0.33) Ly InSD  0.12(2.39) Ls InSD 0.00(0.21)
Ly InEQ  -0.13(-1.12)  L; InEQ 0.01(0.10) L, InEQ  0.06(0.66) Ly InNEQ  0.147(2.08)
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AP FHALE, BRI AE TRE W S AN BB S B s ) SR AR, i HEOR IR R
TESRTTIE R NS, 2 DL B R A S8 % IR 55, BRA RO s 1
ERMGHRBCEZCR, A S HgsR T HORELHCR, e (i il o i E 42 7. (2
KWPRE, B HIEKK A R S BOME BT R TSR BIR , AR THRIEH S 2R
R UE BTG SR P

(2) FemCEATI BT IRl b, RS W et I 1 30108 BR5E o i ) 52 0 R Kk 0.06, BEH
K B R R B T RS 50 AT T 1) B AL o 2 AR B R T RS ) i JR A iy
AR ME R BB, kAL SRS 6] R R, Iz
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Fig. 3 Impulse response analysis of smart development and environmental quality in various types of
Chinese resource-based cities
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Coupling relationship and its response mechanism between
smart development and environmental quality in Chinese
resource-based cities

ZHOU Hong-hao'?, CHEN Xiao-hong'

(1. College of Geographical Science, Harbin Normal University, Harbin 150025, China;
2. School of Geography Science, Northeast Normal University, Changchun 130024, China)

Abstract: Taking 111 prefecture- level resource-based cities in China from 2003 to 2015 as
objects, this paper employed the dynamic principal components analysis to discuss the
measurement of smart development and environmental quality and used coupling coordination
model and panel VAR model to measure the coupling relationship and its interactive response
mechanism between smart development and environmental quality in different types of
Chinese resource- based cities. The results show that: (1) The smart development in Chinese
resource-based cities has relatively low level, and the differences in its regional areas have been
weakened. The environmental quality needs to be improved and its regional differences has
widened in fluctuations. (2) The coupling and coordination relationship between smart
development and environmental quality needs to be improved. The order of coordination from
high to low is growth type, recession type, regeneration type and maturity type. (3) There are
self- enhancement effects and inertial development trends in response mechanism between
smart development and environmental quality in different types of Chinese resource- based
cities. Besides, the smart development in Chinese resource- based cities has a significant
negative effect on the environmental quality after a positive effect. And that, the smart
development has a significant positive enhancement effect on the environmental quality in
mature type of resource-based cities. However, the environmental quality in recession type of
resource-based cities has a significant positive effect on the smart development after a negative
effect and the smart development in regeneration type of resource-based cities has a significant
positive effect on the environmental quality after a negative effect. In the next 15 years, the
smart development in regeneration and maturity types of resource- based cities will improve
environmental quality. Finally, this paper proposes different strategies and suggestions for
transformation progress in different types of Chinese resource-based cities.

Keywords: smart development; environmental quality; dynamic principal component analysis;

coupling coordination; panel VAR; resource-based cities



