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Tab. 1 The economic level and the dominant industries of the three major urban agglomerations in 2016
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Tab. 3 Criteria for evaluating coupling coordination degree
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Fig. 2 Evolution of development level of the economic system and the environmental system in the three major
urban agglomerations from 2006 to 2016
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Tab. 4 Theil index of the degree of coordination between economic and environmental development and its decomposition

results in the three major urban agglomerations during 2006-2016
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2013 0.0036 27.05 0.0033 24.52 0.0064 47.19 0.0001 1.24
2014 0.0039 29.65 0.0032 24.28 0.0058 43.57 0.0001 2.51
2015 0.0037 29.10 0.0035 27.15 0.0052 40.99 0.0001 2.76
2016 0.0037 29.70 0.0033 27.11 0.0050 40.33 0.0001 2.86
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Tab. 5 Markov matrix of transition probability for coordination between economic and environmental
development from 2006 to 2016

BTRE =14 AL BRI PR RPN e
TR BRI 4 0.250 0.750 0.000 0.000
PN 58 0.000 0.845 0.155 0.000
SR 64 0.000 0.047 0.922 0.031
B 4 0.000 0.000 0.000 1.000
K= BRI 13 0.615 0.385 0.000 0.000
Wil 2 94 0.011 0.787 0.202 0.000
SR 151 0.000 0.026 0.940 0.033
IE IS 2 0.000 0.000 0.000 1.000
=1 BRI 2 0.000 1.000 0.000 0.000
i 2k 26 0.038 0.769 0.192 0.000
SR PR 48 0.000 0.021 0.917 0.063
WM 14 0.000 0.000 0.000 1.000
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Fig. 3 The spatial distribution of coordination between economic and environmental development of the three major urban
agglomerations in 2006, 2011 and 2016
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Fig. 5 The coordination development types of cities in the three major urban agglomerations in 2006 and 2016



282 o B WE 5T 394

WO BT, EEME TR MR . EBR= A 4N APt
37, LTI, Al S AN CHREETT . 20164F, —RIMITHEILAT 121
W PRI, “PTIeAT M BT MR A 18, U R ART Y
ST 24, HAAEsT, KEAIER 3 ki m T Rk e, 28 5 B FUKTER,
BRI T AR @B M. K= T (R R 2k
B “gPREAT” RBRIRTT RO 44>, A AT TR R R RS IR
D 24, AT TR ARSI RS . BR =AM ARG ARy R R T 2K
B, REEFAR N SR

ERL, RSN TRRZE L R Ut AN, (HAE AR R BA 1)
BRI BARRGER s K= ANEIRTT “EPTetTT OB R Y
fity, “aPPiety” RELEA AL AT, SUF A 2oy “FE AR M5 Bk
SMATFIIRIRATN “EHATT FeAh R AR,

4 =R REAST S PAET Uh EER [R 2

SR 20T 5 B U B 52 Z2 R PR R L[R2 FI i 2, S8 A P iR,
SEEBERTTARYE, BEBCRAL Tl ™ (S R AERREIHAE K (x), BREEORIH S
B R RAER AR KT (), 5 577 48 5% i GDP L H R AR [ 1 5% 7 $ 9¢ 0ik J&E
(xs), FEBRAIHISNGE (5 GDP HH RSP ARSI (), ARFAE A MO A F 7 MOl S A
HHE RN ARG (xs) o $3X S EPREN AR &, BT 250 5 P58 Ul B2 S (]
At AT EIE T

T SIS UMA B BUETEEI T 0~1 Z [0, fF7EfWisig, 51 AR Tobit |
ARG e [ = RIR T ZE T 5 IR DR EE A s X 3R A T oA, RN

D=p,+px,+f,x, +fyx; + fx, + fsxs +e (17)
Kb DANRTHRENMEE; B, WEEO; B &L KR EIHRE; « ABEHLER
2T,

A IR T N A 25 R R X 2 55 S PR B ph R BE s . R 6 AT, 3 5 MR R AR
XTS5 B U EE B SR, (B CEAN R 3 T AE ) S e A T 22 5

REVRTHAEACT X BB A = 1 2 05 5 PR U BE EA S ml 52, (E0E Bk = A Y
MR . pUHEURE T EMES E Tk, DUNER . Ak, RAHIESE T ES
1 Tk A% SR (S RE IR A A s BERR L T2 w6, PN L DA ARy SR A RE IR FH 45
M, SEOUERB TR AR B BTG Y, TS R IR B e A 2 1 R
A2 AR, K AR E Tl AE Tolk &5k ek, (HRER T A,
BB GiBUSEAESRRERE . E R, XL R TR AT RE IR RO R TR, N
EIE G, AR T LT SRR AR ER = Tl 2570k DGE 5 i i a8 il
. FHHA . IRFRER T E, PR X IR ARG TR . Bk =ff = hE
PAlARX R, REIRIHFEAK - X 00 5 IR A L S N 3 . DA GDP Tl K
Hemlcte ), HE£4 T 20 BT, JE s S 11 K= 74 BRI 2
A, M HHERREREE S

BFE R AR KT X3 T #2805 5 I 0 U B BT B e g . — 7T, B
AR TIT A HEARLE G A, IPAEGE T, BRI, ot Ik 2%
s Ji—Jr i, BREERORHED HE TR A AR A B, R m SRR TR, b




24 SRR A5 P IE =R REZR U5 PRI MR BE I 28 R AIE B S PR 2R 283

7ol K J T 5 IR B B MRS AR IR F6 ZARWHHEFSREREEDIER
= kmﬁfﬁ%é [ *}%m;ﬁ ;Fu—"%“%ﬁﬁ Tab. 6 Estimation of influencing factors of the coordination between
PN FZ: NGRS %% X. 2016 ﬁz‘g?#@;ﬁ economic and environmental development of the three major urban

R lomerations
3 A AR A 10.25%, LA o
[Pl )
Z Ay L 4 N GRVRE SORFORIRE K ¢ o= :
AU 5 4 10.67% . Horh b s d fif R L PRSI R AT SR AT

£ 4 ERRLEET IR ST R 0
BEREHHEASS, K=k (0.028) (0.019) (0.016)
ORI R, W S bR 01197 00997 0063
EAE 11.56%, FEZ TP O/ (0.029) (0.014) (0.011)
T i Eﬁ\? %@J %ﬁ _T|z 15 3 300 %:{6 . X, -0.152"" -0.067"" -0.041"
2016 4F 2k = 11 BF 4+ 01 57 40\ 18880 (0.023) (0.014) (0.018)
%, AEAM2 . mAWREE " o T
JIRHE T =R ATREZ Y S ERHE A B (0:020) (oot o
B AE |- T x, 0.004 0.004 0.020"
B 7 R o 4% T B (0.019) (0.014) (0.009)
GV N MR A 0 N 1 ) 5 ¢ 0462 05127 05407
M, o s E AT K A (0.021) (0.014) (0.021)
N , f;’g:}‘i‘ﬁik%qq@fgﬁfﬁ X"E/ﬁ})‘fﬁ Log likelihood 285.139 642.133 248.631
BT T ZAE DGR X — | waldchizs) 91740 424870 310870
5=, BRSSP X RRIRAKE Prob > chi2 0.000 0.000 0.000

L3R/ DO B 78 i b AN Sy NP O VLU A BIFRTE 1%, 5%, 10%KT LBE, e
TR AR T AP S S BRRR iRz,
BEUME A . = R REAE R T
PE =BG N AE S S B T IREEE AT, A BRR AR A5, B4 B BRI P
RIBA RIS =7 L E, MR B A R R PR 2 8 10 ¢ 4508

ANGEARAT BE X A3 T A 220 5 PR D B ELA S 3 i B ) i), AR B X
IRBER 0 B A A IE HPUBA T B — WS Y5 YR A Bk, BIARNGE A & R R 5%
REI A HIbR A, 75 P LR B FE AR A R TR R E S, [ A A
FEZR) 5y RaE” U, STUEF T — 2 & AN BREE 15 Y 2 M A7 76 o B 2R AL
BN, RIS AN R IN riA S A 250 AR 9k S BCT BT I5 e™, = KRy ff
ANGARAE PR R B 22 WA TE L 18855 . 7= 854 )2 AR A 3k T, X Be 3Tl BTl 5 | 4 &1
R BT SR PR BE P2 A R FRE M . — 5T, SRR B ) B O] BE X A3 Y
AL AT S B A K A vpid . S T NS AR TR | AT
MERE s 53—y, AMETRCEAE X TR, M REFMRE R B PR AR X BN, e
RIHBR AT Y T s AP 5 e sl i A, BRI R TR aeRE . Mg gty
v, ABAF TSR AR

JIT A i 5 A0 Bt S A = M 0k SRR DR BE R i AS B 3, (A AR B X 2R
SAAT SRR A BN W, — T, EAA A A SR A A R B E A
BRI SR, ARHE B RWLT TR S TTED, YGRS R, 5

@ FAEAIE T N BRI [ 5 R SRR 2 1 2. ER R R 2 . B o s e TEN R I =AM
TR 22 R ()38 0. hittp://www.ndre.gov.cn/zefb/zefbghwb/201606/t20160603_806390.html,

@ ki . mA A QO16TK =ML AHHE ) Tk =M 248 H 4L 22 Fim B 4k, hitp:/static.nfapp.
southcen.com/content/201705/08/c410603.html, 2018-12-01,




284 o B WE 5T 394

6] T e T REDAHERE Sy, TALE NS GE Al B 1] Tl AR R A8 ) AN 7 A% ) . X AR A
BORMAFTHIE™S; S5 —J7 i, EA R — BB, HAMERENETTS ), HARE
TR BUEEA BIFMRESRS BR=MA TR R EA “A T " AR, REE
PRk, WAMRARZ , A 25X 25 S PR U R K B e AV FHTEBR = A (R LS
iR

5 4t Site

DIFUHESE . K = MMBR =M = KIRBE I IE Xt 5, 250 & T MRS i 45 A
RF&, 2 LA A TR AL B 20 SR MR, 12 AR RIEEL. S/RBL Rt
23 (8] [ AH 2507 B30T T 2006—2016 4F = KO T BEZS 5T -5 2055 I 32 1 s s 3 Ak
fiE, Ftiz ] Tobit i RIE— 2% HA P R A T RS . ISR 45180 T .

(1) =R HELUE SR AIE R, RERIE: O hiREr
1, R R ORI IRk Z Rl 22 2B 4670 @ Pl
FESEHEAE T T, A HA — 8 B AR AE , T AL B PR S R s, A ) A E T I
—E s ) PMEEEAS (a0 Aa T, HE (S B IR R R AT B R e T LA R
PRI TL AR, I LB E A O R BE B A RAIE ;. @ PR 2s RISl i, %
HHABmMER T ERE; & ZMHEAREM, BReEARKE = KR 20 53055 0
PEIRE R 77 A E ) S, ] 5 R P R G o B AN AL B X = R T e 15 5 A B Wbl 3
17t B R B ) S

(2) M= RIEMBFA T SHIEUMERE Z M2 S MER, EEENE: O K=MK
GV SRR = T R R A A, (NIRRT 2 A 25 A @ K A
P SR G s e e, 25 (ARG R i XM, “Pe el M CIREESEAT JFEM
WA A 22 5 (B UV Pp 8] i v b XN 10l DX ) 68 S sV 55, Pan T A
“GTREATT KA BT, @ BRETHFEACEAON sUE R A =M AT S SR U R
AW A RIS ER = A AT SEREE U BAT B A,

MR G = K Il T B 28 55 -5 B85 DM B B L AN 20T, R R = Rk iy e I ol
HARE R HE— 4R T 5 [ 0% = P 08 7 38 Y4 i B0 B SRS v AT T, R X ki
AR RS B3R T, A BRR AL e e b, Rk X 3k 22 % 5 R B U o] 5 34y iy O e
TE5 | HEANGE A R 5 BT X RF S A=Y A PRI 5 e [l L, () s 75 8 T AN
WIS E, FEARRT AR A RIS E o 5 5 s X B SR = A REJR S AR A W 5
FE BORTE M & 2R = A B S I AR =R, RS T A =R B3 Hh s
K = MRS R 200 S5 U8 R 3 s e B R e A a3, SR THER ST sl ; 5
bE a0 U B P Wl 2 ) = N BN 7 8207 s s DN Il | el T SN e Sy T o 25
— R, (RZE T S AR MR R R SRR DU R T

IREEIE R = IR T 2 (M 6 T 5 PR MR B AR I P AN s (Rl ) B HAA — a2
FOFRRIYE , TR T R PN A e X i . R SRR RN S R I R AT 22 5 kT
BHE NI &3 R BB m B B E B b, X THERAEER . ks R EAS
SRR, 20 kR S5 IR5E  UMJE AR B e L B i ot Y BRI A A A 1 el i
R, A R S | SRR S SR, R B T A R S R )
AT RIS . A5 BIWFE vl E Y KR E 2 E A W, sk, k&I
TR 1Y 58 35 A AR DT Bk et , ZER2m IR Z A3 T E— A



24 SRR A5 P IE =R REZR U5 PRI MR BE I 28 R AIE B S PR 2R 285

5 % 3k (References)

[ 1] Grossman G M, Krueger A B. Environmental impacts of a north american free trade agreement. National Bureau of Eco-
nomic Research Working Paper, 1991.

[2] Grossman G M, Krueger A B. Economic growth and the environment. Quarterly Journal of Economics, 1995, 110(2):
353-377.

[ 3 ] Panayotou T. Empirical tests and policy analysis of environmental degradation at different stages of economic develop-
ment. World Employment Programme Research Working Paper, 1993.

[ 4] 2. B2 th 2 2 A st i ik MR 204, T [R)/8E, 2017, (4): 34-40. [Li Chunmei. Applicability of envi-
ronmental Kuznets curve to Beijing. Urban Problems, 2017, (4): 34-40.]

[5] EREZE, S0, FH G kT PRI R 2 1 A R 3 )1 i i LAF 2 5 S BRIE AR AR 0. 15 X HB B, 2015, 38(5):
1031-1039. [Wang Lujun, Fan shuanxi, Bai Huili. Characteristics of economic and environment in Tongchuan city based
on Environmental Kuznets Curve (EKC) model. Arid Land Geography, 2015, 38(5): 1031-1039.]

[6] R4, XA B, BRI Pl A A Tr i REREE TS Y. ok H BB 25 1R R 2 BT . AR S 4T, 2018, 34(7): 68-
73. [Zhu Ran, Zhao Mengzhen, Xue Junbo. Industrial transfer, economic growth and enrironmental pollution: An inspira-
tion from the Environmental Kuznets Curve. Ecological Economy, 2018, 34(7): 68-73.]

[ 7 1ARIE, 1A, L, 55, ARILE Tl Stk (0 2 B 8O i I 23 T8 R bl DAL 745 . S5 b, 2017, 37(5):
125-132. [Lin Xiao, Xu Wei, Yang Fan, et al. Spatio-temporal characteristics and driving forces of green economic effi-
ciency in old industrial base of northeastern China: A case study of Liaoning province. Economic Geography, 2017, 37
(5): 125-132.]

[815KEMER, FIRIE, FERE. T M ™l A 252 VAR R i A2 8K 2l 9 3R BB 5%, 2018, 37(6): 1070-1086. [Zhang
Guojun, Wang Juehan, Zhuang Dachang. The characteristics and driving forces of spatial and temporal evolution of in-
dustrial ecology in Guangzhou. Geographical Research, 2018, 37(6): 1070-1086.]

[9] S, FIT, wifi, 5. iy 2 U PR A W) 4 S R 4t 3 ) A M. R T I B 5 B35, 2009, 18(8): 698-703. [He
Shengchen, Wang Yuan, Gao Qian, et al. System dynamics simulation for the coordinated development of urban econo-
my and environment. Resources and Environment in the Yang tze Basin, 2009, 18(8): 698-703.]

[10] Shim, 4 XUH, XUB. b E 2 0 S5 PREE TS el A BEA% Jey S Tl 5 A b, i34, 2012, 67(10): 1299-1307. [Ma Li,
Jin Fengjun, Liu Yi. Spatial pattern and industrial sector structure analysis on the coupling and coordinating degree of re-
gional economic development and environmental pollution in China. Acta Geographica Sinica, 2012, 67(10): 1299-
1307.]

[11] FHE, FFEFS, K. T4 14 AT S ABE A Y. PRl 0ERE, 2010, 29(4): 463-470. [Wang Hui, Guo
Lingling, Song Li. A quantitative study on the coordination degree between economy and environment in Liaoning prov-
ince. Progress in Geography, 2010, 29(4): 463-470.]

(12] SRAHE, SRIGEAR, IMA, . DX - PR A 5 A S R GRS B8P LUE 2 ). A2 752441R, 2010, 30(15):
4119-4128. [Shi Yaqi, Zhu Xiaodong, Sun Xiang, et al. A dynamicassessment for the coordination between economic de-
velopmentand the environment: A case study of Lianyungang, China. Acta Ecologica Sinica, 2010, 30(15): 4119-4128.]

[13] #hER3s, E %, RGAE, 5 JETF ARMA BRI IE BH 4 5% X 20 SR BE VA & SRR 5% . s HRRLF, 2014, 34(1): 32-
39. [Han Ruiling, Tong Lianjun, Zhu Shaohua, et al. The coordinated development of economy and environment based
on ARMA Model in Shenyang Economic Zone. Scientia Geographica Sinica, 2014, 34(1): 32-39.]

[14] SPA5 A, A35 22, Bo, A5 35 AR MBI IR 0™ )l 72 B0 TR B3 1oy Pk s 24 43 St S5 el [H 6. B 241, 2016, 71(3):
459-470. [Guo Fuyou, Tong Lianjun, Wei Qiang, et al. Spatio-temporal difference and influencing factors of environ-
mental adaptability assessment of industrial system in the Songhua River Basin of Jilin province. Acta Geographica Sini-
ca, 2016, 71(3): 459-470.]

[15] JBiE 4F, Mark ROSENBERG, 4 3447, #1328 5 KRG A 1% A WA TR (A 11 AT R F) 52 ). HBRAITFSE, 2017, 36
(7): 1257-1270. [Gu Lijuan, Rosenberg M, Zeng Juxin. The impacts of socioeconomic and environmental factors on self-
rated health status among different income groups in China. Geographical Research, 2017, 36(7): 1257-1270.]

[16] JEIDL, BEAS. A PRI T Y DX 2 S M AL S5 R s i K 3R - T 339 A A T B SR T A5G 14 S 4347
224, 2016, 71(11): 1911-1925. [Zhou kan, Fan Jie. Regional disparity of environmental pollution source and its so-
cio-economic influencing factors: Based on the cross-section data of 339 cities at prefecture level or above in China. Ac-
ta Geographica Sinica, 2016, 71(11): 1911-1925.]

[17] BRAHIE, B AR R AR, I IRSE 15 Y28 Sl IR 2 RRAE S 2 PRk sl 2. b BRIFST, 2015, 34(11): 2165-2178. [Chen Zu-
hai, Leizhu jiahua. The spatial-temporal characteristics and economic drivers of environmental pollution changes in Chi-



286 o B WE 5T 394

na. Geographical Research, 2015, 34(11): 2165-2178.]

[18] N2V, A, IRLAR. PR 15 Y 5 RF R BT 23 18] 37 25 i AR B A A i) SISk 23#r . H R, 2010, 30(6):
818-825. [Wang Liping, Guan Jie, Zhang Jidong. Environmental pollution and economic growth in China: A dynamic
spatial panel data model. Scientia Geographica Sinica, 2010, 30(6): 818-825.]

[19] 4B M, Braf e, VTP 2 B0 - I35 DMl R JE A sy i AR, M2, 2016, 36(9): 1408-1417. [Zou Hui, Duan Xue-
jun. Pattern evolution of economy-environment coordinated development in the Changjiang River Economic Belt. Scien-
tia Geographica Sinica, 2016, 36(9): 1408-1417.]

[20] XUHE 4%, SVERN, A5 o5, S5, e R B T iy % (] T - 22305 R S - PR AR A & 43 S PIL . HUBERL, 2018, 38
(5): 662-671.[Liu Yanjun, Liu Degang, Fu Zhanhui, et al. The differentiation mechanism of coupling degree among
space exploitation, economy development and environment evolution in Harbin-Dalian Giant Urban Belt. Scientia Geo-
graphica Sinica, 2018, 38(5): 662-671.]

[21] Jefh, X 55 R AL TV A TR Ut SR DI R SR B A 2 . M BATFSE, 2012, 31(11): 2044-2054. [Guan Wei,
Liu Yongfeng. The analysis of spatiotemporal evolution of economic and environmental coordination development de-
gree in Liaoning coastal economic belt. Geographical Research, 2012, 31(11): 2044-2054.]

[22] BRWF, HEAR. 25 b M DX 0% U5 280 30 T 4 A8 3 e vp b 2 - 2 T - IR B D A AL RRAIE. Mb BRI 5T, 2018, 37(2): 307-318.
[Chen Yan, Mei Lin. Coordination of the "economy- society- environment" triad in the transition development of re-
source: Based cities in Northeast China. Geographical Research, 2018, 37(2): 307-318.]

(23] 3 ik, HL, XA, SR NZR A AR 20T S PMERE 3 OC R AT AL AR AE. 2205 HPE, 2016, 36(9): 42-48. [Lu Jin, Chang
Hong, Zhao Shaoping, et al. The evolution of coupling relationship among energy, economy and environment in Shan-
dong province. Economic Geography, 2016, 36(9): 42-48.]

[24] FEIGEPY, PLJT I, ARABUK, 5. TLIRE 200 5 IR BT UME & I 25 4% Jay 3 B T AL B BIF 5T, 2015, 24(2): 68-77. [Tang
Xiaodan, Qiu Fangdao, Zhu Chuangeng, et. al. Temporal-spatial change of coordinated development between economy
and environment in Jiangsu province. World Regional Studies, 2015, 24(2): 68-77.]

[25] BB VEIE B3 -41 23058 R UM M 10 BPEAY. 4057 M3, 2010, 30(5): 829-834. [Duan Qiling. Quanti-
tative evaluation on the coordination of county-level economy-society-environment system in Jiangsu province. Eco-
nomic Geography, 2010, 30(5): 829-834.]

[26] FVEEE, 25, k5. mVL T 405 & SIS YK 106 R, HIBERFSE, 2010, 29(5): 927-934. [Wang Xigin, He Fen,
Zhang Bing. Study on the relationship between economic growth and environmental degradation of Lijiang city. Geo-
graphical Research, 2010, 29(5): 927-934.]

[27] B, BRbE 5 250 bR A R A b T 2R 0K R ABRTT = AT e 1. Pl s B, 1999, 19(2): 76-82.
[Liao Chongbin. Quantitative judgement and classification system for coordinated development of environment and
economy: A case study of the city group in the Pearl River Delta. Tropical Geography, 1999, 19(2): 76-82.]

[28] FE 8, B, MREER. DG -FOR 25 DX N 2855 15 BE IR PR EE A R & D sl 20 A, 5 X b 3L, 2015, 38
(1): 135-147. [Du Zhongchao, Huang Bo, Chen Jiali. Coordinating development of population economy and resources
environment of the city group in Guanzhong-Tianshui. Arid Land Geography, 2015, 38(1): 135-147.]

[29] Wk-34, AL, T4, 55 dhES TR S, Jbat BlaE i pist, 2016. [Yao Shimou, Zhou Chunshan, Wang De. New
Pespectives on Urban Agglomerations in China. Beijing: Science Press, 2016.]

[30] Sk IR, B WS, JEAER L, 45 ST HEOLA T LN D 430 SRR M3 23R, 2018, 73(8): 1513-1525. [Zhang Guo-
jun, Huang Wanling, Zhou Chunshan, et al. Spatio-temporal characteristics of demographic distribution in China from
the perspective of urban agglomeration. Acta Geographica Sinica, 2018, 73(8): 1513-1525.]

[31] F#7. Bt 3 = et 7\ b la] & J R 5T . 28551815, 2017(6): 9-13. [Wang Zhe. Study on the selection of
leading industries and the cooperative development of industries in Beijing, Tianjin and Hebei. Economic Forum, 2017
(6): 9-13.]

[32] Bekgbd. T [ r= 25 4 25 FE 5% it 59K, 2016, (6): 122-125. [Duan Lufeng. Research on the deviation degree
of industrial structure in China. Statistics & Decision, 2016, (6): 122-125.]

[33] AV, JLAR, SKkEEFS. LT PSR Y 11 e VTR R AR A5 22 i 23 A8 4k, M BHARL22, 2015, 35(6): 790-797. [Xie
Yuchu, Gong Jie, Zhang Lingling. Dynamics of landscape ecological security based on PSR model in the Bailongjiang
River Watershed. Scientia Geographica Sinica, 2015, 35(6): 790-797.]

[34] E RS RS 25 iaw]. PRSI AESE. dbat: R E S0 L, 2007-2017. [Department of Urban Sur-
veys, National Bureau of Statistics of China. China City Statistical Yearbook. Beijing: China Statistics Press, 2007-
2017.]



24 SRR A5 P IE =R REZR U5 PRI MR BE I 28 R AIE B S PR 2R 287

[35] BXFHIH, A7, SRAY A, 45 BET A5 A TR LA A 75 AR 7l A S AR R T I AR 2541, 2016, 27(9): 2933-2940.
[Zhao Danyang, Tong Lianjun, Guo Fuyou, et al. Industrial ecological development of Jilin province, Northeast China
based on structure optimization vision. Chinese Journal of Applied Ecology, 2016, 27(9): 2933-2940.]

[36] XIZERE, Tl ST kA% 5 R G IIRIFI 5 B 1t LT RE & A AL S IR S LI 5 LAPG 22T 441 st 80
7%, 2017, 36(8): 1583-1600. [Liu Junsheng, Ma Yaofeng. The evolution and driving mechanism of the supply and de-
mand coupling about tourism flow and destination system based on the genesis and system theory: Taking Xi'an as an ex-
ample. Geographical Research, 2017, 36(8): 1583-1600.]

[37] 5K, Dk, PAGE. = P B U AL BT i 5 2L S PR B R 85 23 . # B4R, 2016, 71(5): 817-828. [Zhang
Yin, Yang Qingyuan, Min Jie. An analysis of coupling between the bearing capacity of the ecological environment and
the quality of new urbanization in Chongqing. Acta Geographica Sinica, 2016, 71(5): 817-828.]

[38) AREAE, BASCHE, ZREDS. IR IEZE T 5 5@ PR A RIS LIk Tl o . HBERRLF, 2015, 35(9): 1116-
1122. [Yu Feifei, Hu Wenhai, Rong Huifang. Coordinated development about tourism economy and transportation in me-
dium and small cities: Chizhou as example. Scientia Geographica Sinica, 2015, 35(9): 1116-1122.]

[39] Zhang W, Bao S. Created unequal: China's regional pay inequality and its relationship with mega-trend urbanization. Ap-
plied Geography, 2015, 61: 81-93.

(401 J7 ) 1. WAEAL 5 AR 2 3 A 5 R0 b [ = ). 23R F5E, 2013, (5): 73-86. [Wan Guanghua .The urbanization-in-
equality nexus method and application to China. Economic Research, 2013, (5): 73-86.]

[41] T30 EE, HhoRAR, B A%, A Bk T ) 1 IR ] SR ) VI 9 DXl [w) I 23 38 8. b B2 4%, 2005, 60(5): 817-826. [Pu
Yingxia, Ma Ronghua, Ge Yin, et al. Spatial-temporal dynamics of Jiangsu regional convergence with Spatial markov
chains approach. Acta Geographica Sinica, 2005, 60(5): 817-826.]

[42] Moran P A P. Notes on continuous stochastic phenomena. Biometrika, 1950, 37(1/2): 17-23.

[43] Anselin L. Local indicators of spatial association: LISA. Geographical Analysis, 1995, 27(2): 93-115.

[44] PEEZE, RAN, ThARFY, 45, 10 THTIB 405 Tl FREERCR 0T, HPIRL%, 2012, 32(3): 294-300. [Tong Lianjun,
Song Yanan, Han Ruiling, et al. Industrial environmental efficiency of costal economic belt in Liaoning province. Scien-
tia Geographica Sinica, 2012, 32(3): 294-300.]

[45] LA N R EBUR. Wb S 3r4E %, Jbat: RS H MUk, 2017, [The People's Government of Hebei Province. Hebei
Economic Yearbook. Beijing: China Statistics Press, 2017.]

[46] /DG, FRPKIE, WL v B T BE IR 21 e HE A0 X 022 e 25 ) ¥k 3 2800, M DR 32 i B~ 41, 2018, 73(3):
414-428. [Wang Shaojian, Su Yongxian, Zhao Yabo. Regional inequality, spatial spillover effects and influencing factors
of China's city-level energy-related carbon emissions. Acta Geographica Sinica, 2018, 73(3): 414-428.]

[47] 5. JE T HEL S5 A PR S A e HE CRHE B 78 SOl IR 4. BN 1T - BE )8 5 9045, 2018, 28(8): 47-55. [Han Nan.
Simulation and regulation on the pathway of carbon emission reduction based on supply-side structural reform. China
Population, Resources and Environment, 2018, 28(8): 47-55.]

[48] List J A, Catherine Y Co. The effects of environmental regulations on foreign direct investment. Journal of Environmen-
tal Economics and Management, 2000, 40: 1-20.

[49] J&1 Jy, M BE:. AN A4 085S Tolkis e, hEA T - B S R5T, 2009, 19(2): 42-50. [Zhou Li, Ying Ruiyao. Foreign
direct investment and industrial pollution. China Population, Resources and Environment, 2009, 19(2): 42-50.]

[50] K 14, 5BV %. FDI Bt BRI 28007 5 3 [ 5 | 0 A0 B 09 PRIE O 47 BOR. P L - BT BRE, 2009, 19(4): 7-12.
[Zhang Yanbo, Guo Yajun. Effect of FDI on environment and environmental protection policy in using FDI in China.
China Population, Resources and Environment, 2009, 19(4): 7-12.]

[51] Lee M D P. Does ownership form matter for corporate social responsibility? A longitudinal comparison of environmental
performance between public, private, and joint-venture firms. Business and Society Review, 2009, 114(4): 435-456.

[52] k3, AR, o ks Ye iy DX 22 S5 SRS (A 3R - 5 T8 GRIATIRECHIE 119 GMM SEIEZ3 T o Ll B R~ 4 4
2B RR, 2010, 10(5): 12-16. [Geng Qiang, Yang Wei. Empirical study on the regional difference and the determinants
of industrial pollution in China. Journal of China University of Geosciences: Social Sciences Edition, 2010, 10(5): 12-
16.]

[53] EAF2R, T 1. IRERBOR2E 5 5 X L 8% — AN a5t a2l m i B 7 BT, W24 A SGHE 22
T, 2012, 42(5): 51-60. [Jin Xiangrong, Tan Lili. Differences in environmental policies and transfer of regional industry:
A perspective of New Economic Geography (NEG). Journal of Zhejiang University: Humanities and Social Sciences,
2012, 42(5): 51-60.]



288 o B WE 5T 39%:

Spatial-temporal characteristics and influencing factors of
coordination between economic and environmental development
of three major urban agglomerations in China

ZHANG Guojun', WANG Juehan’, WU Kunjin’, XU Zhihua*

(1. School of Public administration, Guangdong University of Finance and Economics, Guangzhou 510320,
China; 2. School of Geography and Planning, Sun Yat-Sen University, Guangzhou 510275, China; 3. School of
Business Administration, Guangdong University of Finance and Economics, Guangzhou 510320, China;

4. Advanced Institute for Contemporary China Studies, Hong Kong Baptist University, Hong Kong, China)

Abstract: This paper analyzed the spatial- temporal pattern of the degree of coordination
between economic and environmental development in Beijing- Tianjin- Hebei region, Yangtze
River Delta and Pearl River Delta from 2006 to 2016 by means of entropy method, Theil index,
Markov chain and spatial autocorrelation, and then explored the influencing factors with Tobit
model. The results showed that: (1) The degree of coordination between economic and
environmental development of the three major urban agglomerations grew continuously from
2006 to 2016. In addition, the differences between the cities gradually narrowed. (2) Path
dependence played a role in the evolution of the level of economic and environmental
coordination. However, the degree of coordination between economic and environmental
development tended to reach a higher level with the passage of time. (3) Cities with higher
administrative levels and some developed cities along rivers or the sea continued to be at a
higher level of degree of coordination between economic and environmental development. (4)
The spatial characteristics of the degree of coordination between economic and environmental
development of the three major urban agglomerations had changed from decentralization to
agglomeration. (5) Regarding the type of development, the economically developed cities
tended to develop simultaneously with the environment. (6) Energy consumption, progress in
science and technology, investment in fixed assets, dependence on foreign investment and
ownership structure have impacts on the degree of coordination between economic and
environmental development of the three urban agglomerations as a whole and each urban
agglomeration, but the significant degree of the influence of each factor is different.

Keywords: economic development; environmental quality; degree of coordination; spatiotem-
poral pattern; influencing factors; three major urban agglomerations



