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Spatial-temporal differentiation and influencing factors of coupling coordination
of “ production-living-ecological ” functions in Yangtze River Delta urban

agglomeration
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Abstract: The urban agglomeration in the Yangtze River Delta is the one with the highest level of urbanization and
economic development in China. Its “ production-living-ecological ” function problems and contradictions have become
increasingly prominent. The coupling and coordination analysis of “production-living-ecological” functions is the basis of
land space planning and regional sustainable development. Taking the Yangtze River Delta urban agglomeration as the
research area, 31 indicators were selected from six aspects of agricultural production, non-agricultural production, living

standards, living security, ecological pressure and ecological security to construct the evaluation index system of "
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production-living-ecological " functions. The entropy weight method and AHP method were used to determine the weight of
the evaluation index. The coupling coordination degree model was introduced to evaluate the* production-living-ecological "
functions and analyze its coupling coordination degree from 2000 to 2019. The panel data model and Robust regression were
used to analyze the main factors affecting the “production-living-ecological " functions in the study area.The results show
that: (1) The production, living and ecological functions of the study area have improved steadily from 2000 to 2019.
Among them, the development of production function in the east and west is better than that in the middle, and the low
value area is reduced. ; The living function of the east is better than that of the west, and that of the south is better than that
of the north.; The ecological function shows the best change characteristics from southwest to southeast over time. The
overall performance of ' production-living-ecological ' functions is ' the east is better than the west, the south is better than
the north, and the southeast is the best ' pattern, with obvious spatial differences; (2) The proportion of cities with severe
production-life imbalance decreased from 23.08% to 0, the proportion of cities with basic coordination increased from 11.
54% to 46.15% , the proportion of cities with moderate coordination increased from O to 53.85%, and the coupling
coordination increased significantly ; The proportion of cities with moderate production-ecological imbalance decreased from
57.69% to 4.8% , and the proportion of cities with basic coordination increased from 19.23% to 88.46% ; the proportion of
cities with severe and moderately unbalanced life-ecological coupling ranges from existence to none; the proportion of
moderate coordinated cities increased from 0 to 88.46% , and Shanghai increased to highly coordinated cities ; The coupling
coordination degree of production, living and ecological functions gradually increased. The spatial distribution pattern
showed that the eastern and southeastern regions were the main high-value regions, and the coastal regions were better than
the inland regions. (3) Factors such as total power of agricultural machinery per land, investment in fixed assets per land,
per capita disposable income of urban residents, grassland area, green coverage rate and other factors have contributed to
the coordinated development of the “production-living-ecological ”functions in the study area,having a huge driving force,
and the per capita disposable income of rural residents has restricted the function of production-living-ecological coupling
and coordination. The results can provide a reference basis for the stable development of its social economy and the

sustainable development of land space resources utilization.

Key Words: Yangize River Delta urban agglomeration; “ production-living-ecological ” spaces functions; coupling and

coordination ; temporal and spatial differentiation ; influencing factors

el s i ] R AR R A AR R R 53 S A 7 AR AR S SR ), A R AR P T AR LR
THIIREM A S THRE (AR A2 ” THRE) , HERREIR « — A2 DRE Mk S Al B¢ 28 2 JT I ] 2 (W] AL ) T4 Y 2k
fifl o VTAFRBEE FE 2 225 BN W A R TT A K P BO AN B B v, = AR 7 28 AR B4 35 45 o o H RS, < =
T IREIRBURIP G H 25 82 S, U T A S B AR < = AR DR R T RS R R AT
DAL 25 [ A% Sy 2R

AR DR RN 2 T N AMITSE B R HAETE AT LA S A B B, S — B Be AR AR AS ]
Fe I REMEE e AR A B AESR ) KR i th ] s VR R AT T4 9 B G o [ %% )
HA WA BT SRR SDIRER A SOl AR 6 A e as ()& AR AR 5 = 2 I Be Y
s [T 5 A i s e AR AL Tl it e A A 2 A I e 55 O S BT RE AN [ - 2 (A1 A M 58 R e =
Pl AR S S IR FARAE S S0, AR BEA 257 i ARSI 55 AR 5 97 E R DIRERY [ L as a2k, s 41|
SEIN N LR s )R DL R R A Tl il A i R 55 77 il DRy 3 5 D RE A XI5 A 37 2 T AR BE R AT (T
B IRIR R AR AF IR MY DX A 253 IR DU A 25 7 S Bl 55 I Be Ay XY, AR AR SRR T
—E=ARNRESUE , SR AT B R B DO T A I RE AR G SHREAI NI b, b Ol 48 =R
23 (B A A R FLAR A s AV 24 i i AR 0 25 I RS B AR S S I I K 5 ARBIE SR A S o — 7l

http ; //www.ecologica.cn



6646 A E = 42 %

AR S = R R RS, DR MR R AR S (R R S A RS o A
M A (], A2 0 23 [ DU A AL S A JE IR 45 4658 = lb o E e iy [ s 2R, K2R A M AEAE 2 Fh o)
e, B — FZ MDA, « S 5 gl Z R 2 2R,

“ AT DI RE DX IUARAE A ST 2 BRI P 5 T . — 7 TR RIS DA T S = A T g i 28 AT )
RUIESY , 42 B R SEAIFTEE ) = AT R = A A (AT 28 o0 S ey < A AR TS 28 () A0 AR T AR iR X, AR 3
25 () A0 AR T YRS L3t , PO = A s [ DR A 22 . S3— O R XSk ot 2 i)« = A thE 2 R o, 2=
TERST T 5 TSI T A — 26 28 (B WM R & SR KO 48t o3 3« =28 DI RE WA 434k ™ 5, I HL 28 [a] P e & i
FEM A, eIk s Rl s E A /.« = A7 D RBAFAE B I 25 S5 Bk | IRl i A2 e« = A2 D) e =2 Tl AH B4
SN SIER S| NI BN S B > S L NI % G R AES I sy L6155 B RS T R W E R o N = S e = A

BB R RIS A DIREAH EOC RN XS M F2 . RS AT TIRER 4 DI REITAN F A
ATRFAE SRR 5 4 D T8, X3 46 DA b iR 2 60400 43 Skt , a7 7 b A DD R IR P bn iR R 0 FE T
A IE AT RE RS TIRE = AN RER I R AR R e BT AR D BE R A AR A KR A P R
HEATRGE S R B D AR N T = A I RE A AR AR AT 5T 5 BE RS X L VG 45 = A2 T RE R 2 R AE AN
SO R A TERIT ) s BRI X TV = A" T RE AL ARAE SRR A R UEA TR T A S A RS
T RS e R VR R 11T = A 2R 0 A AR AT i DR R AT A A 20 5 DI SR ) R A T 08 X SHL AR i U
RIS = A 2 (R BEA TR 2T 2 AR R XV I Bl =27 e 25 A Ak M [R] S R b AT 120071, Bk iF
FEERERIC =4 DIREPE M TR bR IR RIEA G — , EEZ K25 5 PR BROC 28 ST =28 DIRR I A 25 57
BISEIA 2 F AT TAE S = A DIRERIRR & DR 58 7 AT T B IR R .

AT = AT R (RP = A3k B ) J2 WK b IX B A PR 1], 8 0 o 4R 28 A B AR 45 ol A
M O P HE RO R . LR A ) = AR DAY A AR AL R B R EOZHLIX 1) A SR (A& AT
B 010 DX S5 A D el i o ] 2 (DI 2 ) RSB 1 T R AR Y R R AR SO TR A R
RERURG A = AT RE A A TG AR DI BRHE AR R R IR TS IX. 2000—2019 4F = A= Ty fig S HAR G U
VA BE (R B 233 40 SRAAE | 3 TR A Wb 2 B 4 B 7 P T AR 4080 [l 9 48580 24 (OLS A1) FE R0 RE A5
HUT0) i Robust [B1JH 28 55 = Az T AOAR A Uh I & e A5 MR DR B AT 20 A, A X 28 B 4k 2 vl e 8 2 S A
] -+ 25 a] 9% U5 A HUR P SR LB AR I

1 HREHR

= AR IR TR AL YT A 1 JE AR AR
X, i b e (R R e 9 AT (Wit (bt
MG N A 8 AT ) (e RS (A IE B L M A 8
A 26 MR (K1) . S ERBNFRE
115°46'—123°25" b4 32°34'—29°20" , J& . #4H7 Z= X
A, K AW K IL Bl BRI BT L 40
Gl A oy SIS YOI I AR A IX [ R A
SVE GDP [ A" MR 2 i 2 E 25% AT
TER W& A 88080 B AR 85 28 9 S L A3 1 s v - ‘ ‘ , . Rl
i}ﬂZﬁiﬁiZﬁ,é‘]E 33%Z—EEO ﬁﬁ%lz%q:‘f(‘{léé 116°  117° 118°  119° 120° 121° 122°  123°E

YRR R 21 20 22 90 2 B T B ALK, S v RO H1 KESEHETHEYE
I—'ﬁ ﬂﬁ% E%% m%ﬁ %%ﬁﬂgi %—‘f‘% 72 g‘lc Zi F&'ﬂ( SIZEE.i% E/‘J Fig.1 Administrative division map of the Yangtze River Delta
fgﬁ Tﬁ Eﬁé City Group

HUE 2019 4, K =M B E AR 292117 77 km?, A2 E A 2.3% , 4F R ¥ AE A 02 2.25 {2,

http ; //www.ecologica.cn



16 1 BRAKAS A5 VT = AT =42 DI RERRS P IR Ny 25 70 S B S A 3R 6647

2019 SEAFFE X GDP 24 19.72 Jifdot, VTAERBHEZE #1423 25 5% 0 dVAR A& J At i FH M i AR A AN e ok, 4 b it
TP I H A Sk A SIS ARG 204 6B H 2, - 75 o8 J5 R b 48 A8 O Ak T I B = A2 25 )
TIRE BT P PR & SR TR KL, 1S oAy s — e ] 25 1) R R i 0 o e 4 ] AT

2 BUESRIRMTIRFiE

2.1 BHERE
AV Z AN T RE 26 DS HBZL T ARG B0l ok IR 3€ 1 s, #8040 A& A
PR T PRARE | 0 E D) B 3 A e A DG SCRIR P REIES T T #h 7S

F1 HESRIEFNA
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Table 2 “production system-life system-ecosystem” function evaluation index and weight

AR
Stk — A sttt g Doy RUGERE AGRE
Function First level indicator Secondary indicators Attributes weight Hle"’f”hlcal C"mb,ma“"“
method weight weights
weight
A TR LA =B €, C NBHH IR (hm?/ ) + 0.0149 0.0165 0.0157
Production function C o RARHCHE 27/ T 7T + 0.0460 0.0393 0.0427
C IR RS 1/ 5 kW + 0.2792 0.2144 0.2468
FER M-I RE €, Co WTBOR A K 5/ 9% + 0.0045 0.0087 0.0066
Cop ¥ 8 BE =44 98 /AL ot + 0.0485 0.0449 0.0467
Coy B X R km? - 0.0012 0.0023 0.0018
Co, A GDP RERE/ (MIARIERE J17T) - 0.0097 0.0158 0.0128
CosFr— 7 M TR/ % + 0.0205 0.0237 0.0221
ot 7 BTHR A/ % - 0.0017 0.0062 0.0040
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Co BB IC R M 2/ % - 0.0069 0.0140 0.0105
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Coo LAEFIIZR RIS/ % + 0.0013 0.0062 0.0038
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Table 3 “production system-life system-ecosystem” function standard and safety level

S YIRRE T SRR PSRN S AR T B LSRN S
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[0.4,0.5) Wil 9 BA DA [0.9,1.0) IS
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(3) Robust [A11H53#7,
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Table 4 Panel data inspection and regression analysis

TR AR B 48 B Robust [A115434r45 5

Summary of panel model results Robust regression analysis results
A OLS A FE 5 RE {7 Ap YR Frifiiz ¢ Fiit P
T 0.082 % (2.269) 0.007 (0.079) 0.064 (1.381) T 0.007 0.033 -0.225 0.822
Cy 0.043 ** (2.922) 0.048 * (2.514) 0.050 ** (3.251) Cy 0.009 0.019 0.508 0.612
Cp 0.082 ** (5.020) 0.056 * (2.637) 0.063 ** (3.635) Ci 0.087 0.022 3.877 0.000 **
Cy 0.267 ** (12.832) 0.263 ** (10.770) 0.266 ** (13.241) Cys 0.293 0.027 10.955 0.000 **
Cy 0.039 ** (4.252) 0.043 ** (4.668) 0.043 ** (5.446) Cy 0.048 0.012 3.977 0.000 **
Cy 0.129** (9.118) 0.131** (8.527) 0.131**(9.992) Cy 0.161 0.019 8.566 0.000 **
Cys 0.048 (1.681) 0.076 * (2.066) 0.063 * (2.245) (N 0.09 0.031 2.926 0.003 **
Cyy 0.100** (10.241) 0.087 ** (6.171) 0.092 ** (8.590) Cyy 0.076 0.013 5.66 0.000 **
Cys 0.049 ** (4.982) 0.040 ** (3.071) 0.038 ** (3.579) Cys 0.041 0.012 3.477 0.001 **
Cys 0.032* (2.372) 0.037* (2.107) 0.038 ** (2.695) Cos 0.048 0.016 2.974 0.003 **
Cyy 0.071 * (2.106) 0.067 (1.412) 0.059 (1.623) Cy 0.08 0.026 3.049 0.002 **
Cs 0.072 ** (3.522) 0.069 * (2.533) 0.075 ** (3.482) Cs3 0.04 0.012 3.492 0.000 **
Csy 0.017 (1.948) 0.003 (0.254) 0.007 (0.732) Cy 0.07 0.012 5.84 0.000 **
Cy3 0.041 ** (4.408) 0.044 ** (4.250) 0.043 ** (4.926) Cyy 0.162 0.056 2.907 0.004 **
Cyy 0.012 (0.722) 0.026 (1.102) 0.024 (1.392) Cys -0.099 0.043 -2.301 0.021 *
Cy 0.043 ** (4.662) 0.059 ** (3.877) 0.054** (4.474) Css 0.062 0.016 3.831 0.000 **
Cyp -0.130 “* (-5.318)  —0.015 (-0.208) -0.100 ** (=2.772) Ces 0.029 0.01 2.893 0.004**
Cis 0.008 (0.889) 0.000 (0.026) 0.001 (0.161) Cer 0.042 0.008 5373 0.000 **
Cy 0.136** (3.075) 0.194** (3.467) 0.170 ** (3.928) Ce 0.244 0.024 10.348 0.000 **
Cys -0.089 “* (-2.706)  —0.133**(-3.696)  -0.121 **(-4.032) Ces 0.136 0.017 7.821 0.000 **
Cs, 0.026 ** (3.214) 0.009 (0.757) 0.014 (1.596) Cos 0.133 0.019 6.971 0.000**
Csy 0.012 (1.461) 0.002 (0.134) 0.005 (0.509) Ces 0.048 0.02 2427 0.015"
Css 0.027 (1.865) 0.003 (0.181) 0.015 (0.989) R*=0.96
Csy -0.007 (=0.503) -0.000 (=0.013) 0.004 (0.288) % R2=0.95
Css 0.032 % (2.471) 0.030 * (2.213) 0.030 * (2.560) F (21,82)= 94.146,P=0.000
Css 0.021** (2.831) 0.024 * (2.450) 0.023** (3.071)
Cer 0.063 ** (8.542) 0.052** (2.687) 0.059 ** (4.831)
Cea 0.110** (5.991) 0.150 ** (5.470) 0.129** (6.058)
Ces 0.129** (10.092) 0.128** (10.130) 0.129 ** (11.796)
Cy 0.146 ** (10.019) 0.138** (8.463) 0.140 ** (10.085)
Ces 0.034 * (2.360) 0.041 * (2.488) 0.038 ** (2.707)
Ces 0.015 (1.420) 0.010 (0.834) 0.011 (1.129)
R? 0.99 0.993 0.992
iﬁf; 0.985 0.984 0.988
ij;f i 104 104 104
oL F(31,72)=225.182  F(31,47)=202.897  X2(31)= 8414.168
Test ,P=0.000 ,P=0.000 ,P=0.000
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Fig.2 “production system-life system-ecosystem” function evaluation spatial distribution map
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Fig.3 Spatial distribution map of “production system-life system-ecosystem” functional coupling and coordination degree
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