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Abstract

This paper aims to construct the Gini coefficient formula of binary group mixed environment un-
der the condition of spatial heterogeneity, and analyze the regional coordination of industrial econ-
omy and ecological environment in urban agglomeration of the Yangtze River Economic Belt. Based
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on the parametric Gini framework, the bivariate group mixed environment Gini coefficient is con-
structed. On the premise of not relying on the mutual independence of the distribution functions
of each subgroup, the overall pollution emission distribution function based on Copula function is
established for the first time, and a new mixed environment Gini coefficient formula under the con-
dition of spatial heterogeneity is constructed. This paper also evaluates and analyzes the regional
coordination of industrial economy and ecological environment in the urban agglomeration of the
Yangtze River Economic Belt from 2005 to 2020. The empirical results show that 1) the regional
coordination of industrial economy and ecological environment in the Yangtze River Economic Belt
is on the rise, but the Gini coefficient is still above 0.3; 2) the upper and middle reaches of the Yangtze
River differ greatly in terms of industrial economy, energy consumption and environmental water
pollution, and the upper and middle reaches of the Yangtze River differ greatly in terms of air pol-
lution, with Gini coefficients both around 0.47; 3) in addition, the traditional environmental Gini
coefficient has a downward bias, and the new formula can better explain the relationship between
subgroups with higher numerical accuracy.
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Table 1. Basic characteristics of Copula functions

%2 1. Copula iR #E A 4HE

Type Distribution function Parameter scope

Clayton C(u,v;6)=max [[ug +v? _1}’% ,Oj 0 e[-1,0]\{0}
Gunbel (u,v;f):exp{—[(—ln u)’ +(—Inv)'f] 7 e[1,+)

—Au —AV
Frank C(u,v;i):—/lllnlh(eeli)(_ell)} AeR\{0}
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Figure 1. Histogram of grouped data of various indicators under lognormal distribution
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412 WEKETI~Y., REFRMSEHRKE S5

AT e EH Spearman F1 Kendall FRAH G FE5R A W VT 205 45 0 i A (8] X3k Tl ™= H . ReiRTH #E
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AR R

A %% GumbelCopula. ClaytonCopula 5 FrankCopula, f8LMiX =M% FI i) Copula B8 % ik £t
Copula BREL[17], B AKITAGH XK Tolk = H . BEIEIEAE RS YeHE R AR A R B, AR R
SR T AT S HUG T, T ECP R IRPE B, IR 5 S/ IMEAE Bt Copula BREL, #5045 50
2, ARG R R AT R BERIE AR

chaywn(U,V)=max([u‘9' yyh —1]_;.,0J 1)

HFrank (U,V) = _eilnlil-i- (e_ ' _l)(e_ " _1)] (23)

e % -1

Hrp, 6 9t Copula BRI S KL, BUE WA 3 WH]: u. v BRI TR 0TS Qe HEBO i R

U GDP 0.9971 0.9971 0.9853 0.9971
M GDP 0.9971 0.9971 09853 0.9971 0.98
D GDP 0.9971 0.9971 0.9853 0.9971 0.96
U ENERGY [(EEZBELZ AR/ RS 1 09971 09559 [EIECE 0.9794 0.9941
0.94
M ENERGY [KEEZBEEI AR/ R 1 09971 09559 [UCIEEN 0.9794 0.9941
,, : 0.92
D ENERGY 1 1 1 09971 09971 1 0.9853  0.997 !
U WATER 0.9559 0.9559 I 0.8529 0.8824 | 0.8176 0.9
M WATER )5 059 0.8529 [ 0.90 ;
40.88
IDRAVZ- N WA 0.9853 0.9853 0.9853 0.9794 0.9794 0.9853 ( 982
0.86
LSIRIOY A 09971 09971 09971 0.9941 09941 09971
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Figure 2. Correlations among variables of urban agglomerations in the Yangtze River Eco-
nomic Belt
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Table 2. Fitting results of the pollution emission distribution function for the midstream and downstream of the Yangtze
River Economic Belt urban cluster

=2 WIIEFHEP AT RIS RN B REUESER

- ZH 7 WS
Ei=1 Fhr
clayton gumbel frank clayton gumbel frank
2005 11.366 7.599 32.856 0.079 0.079 0.086
2010 12.446 7.697 32.246 0.058 0.046 0.048
GDP
2015 12.581 8.588 35.230 0.046 0.037 0.035
2020 16.582 9.772 45.454 0.090 0.076 0.079
2005 4.629 3.897 13.540 0.107 0.088 0.087
2010 6.503 5.138 20.025 0.028 0.025 0.022
Energy
2015 5.124 5.005 17.218 0.087 0.050 0.056
2020 12.963 10.437 49.019 0.058 0.040 0.044
2005 12.916 9.612 40.522 0.062 0.054 0.054
2010 18.347 12.606 62.509 0.048 0.042 0.045
Tolk K
2015 9.677 10.311 37.896 0.080 0.065 0.063
2020 9.964 6.420 30.987 0.087 0.083 0.074
2005 10.663 8.941 35.043 0.077 0.058 0.057
2010 11.844 10.743 43.486 0.044 0.031 0.032
SO,
2015 6.551 6.282 23.296 0.163 0.162 0.154
2020 14.470 13.752 45,571 0.167 0.167 0.165

Table 3. Optimal copula functions and their parameters for various indicators of urban agglomerations in the Yangtze River

Economic Belt

3. WIIERF TS AIERFIREE copula BEIRESH

R h_E i ol
Ay
GDP  Energy TME/K SO, GDP  Energy TMkE/K SO, GDP  Energy TMbE/K SO,
2005 7.599° 1354 9612° 35042 6.164" 8.342° 8.839° 259257 4.452° 4608 22233 37.9617
2006 6.957° 14.684™ 6.049° 34287 6.556°  8.439°  7.059" 418437 4.413°  4.613° 6.143° 35165
2007 6.938°  4.323" 25.406™ 49.080"" 23789 7.117°  7.439"  8.446"  4.403°  4.928" 25968 39.337""
2008 6.036° 16.393"" 35.735™" 10.809° 23515 7.624" 32.051"" 9.947°  4.400° 17.785"" 28.835™" 9.151"
2009 7.435° 5168 27.9877" 7.890° 5.417° 5.074° 6.304" 9524  4.441° 22646 9.162°  6.775
2010 7.697° 20.0257" 12.606" 10.743° 19.649™" 4.919° 10.198" 5.005  4.470° 20.634"" 49.116™" 5.404
2011 33.090™" 21.214™ 12.087" 29.306"" 21.166™" 4.628° 7.835" 4784  4539° 24965 7.566°  5.738
2012 8.124° 17.1277" 57.758"™" 30.854"" 22.863™" 5.743"  7.612° 18.8547" 4585 236737 10.366° 6.649"
2013 28.432™" 20.433™" 40.192™" 27.859"" 23558 5.643°  6.302° 226767 4.614° 426987 5750  9.397
2014 31.974™ 4.898" 33.036™" 32.968"" 22.644™" 4541° 55.9007 19.943™" 18.405™" 32.433"" 42.806™" 8.276
2015 353007 5.005° 37.896™" 23.295™" 21.756™" 22.655™" 12.847° 14.1517" 18.376™" 30.669"" 39.92""  6.707"
2016 38.479™" 4.748"  8.360° 30.026"" 21.805™" 20.032™ 9.535" 28.053"" 18.445™" 32235 7.462" 7.315
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2017 51.253™ 11.756° 8.358" 15.118" 6.170" 34.036™" 42.146™" 28.094™" 18.546™ 6.154" 10.116" 36.744™"
2018 49.811™" 9.813" 7610 6.780°  6.165 42.082™" 26574 4.724" 18.673™" 7.905° 7.858"  6.029
2019 9.765° 9414  7.998" 17.702"" 6.195 40.127"™" 27.648"" 26.162™" 4.695°  7.154"  8.028"  6.894
2020 9.772° 10.437" 30.987™" 45.570"" 21.987"" 34.847™" 40.376™" 53.481™" 4.692°  6.203" 31.387"" 43.436™"

RN ECN Gumbel Copula 125, “#oREALEECA Clayton Copula I 135, ™Rt %CA Frank

Copula B IS,
1Y (1Y -
9
b(l_NoJ —a[NO] —L{exp[ [( Inu, )™ +(~Inv,)* J}

b[l—Pij-a[d;j-¢jexp[-[@4nut N 6:t]ds,

He, G NH tFEMRGHEREE R, 6, 8% tERIL Copula BN IZSEL, u v v, D HIERE
TR G HE O A iR K

RAE 2 (24) AT 1 25 18] 57 5 PSRV 8 5 DX 3 P A PRI 5 ) B LB A AR e 4, THERL I R B L Je
AR 3. — BN, R RZEUNT 0.2 i, SR R E T, 0.2~0.3 KA T,
0.3~0.4 FFAHXT & B, 0.4~0.5 B ZFHA, KT 0.5 I 2 7 B bk

MR R, 230 5 5 M T KI5 X R B R Rk . K= A B 5 K. ik
TR GDP 2R REAHIE T 0.4, WKL T B s T R 0 B REE 0.3~0.4 2 JH;
2005~2016 4, KILZUFH HE X AT AR e REC 4T 0.5, 2017~2020 AL L B 4 T REJE
FERIILJE RE IR 0.4; FREEJITH, KU RIS e REOYTE 0.35~0.45 2 [A], o Fiifs BRI T
RS e RECEIL T 0.4, R SO, & e /AU 0.45, HRIER SO, i e RELTE 0.3~0.4 2
] o KAT G577 IR GE T R B 5 AR YA S, 32 B K = A3 i B 5 H A i R 8 2 iR,
AT A I 55 BRI T (R 22 5

MR EAE, KITAT X IR R 2 TR B4/, XIBAT RIS A2 P rEgsg, (Hixpy
FFabrBt e RERT 0.3, R XU A 10 UK SAAFAE . KILH FiiFS LRI GDP 28 /%L
A/NMEEER R, b LRI KRB LTF: BRIRV RN REUEA R TR, B,
KT R TR KL e RECEMATK, Hoh AT WS EEBARTT Rk

4.3. XA RETSIRAR

AATR R AR A AR SRR R R B, MR ARSI T RKIT 25t i Y24
PRI E ARG . K, HEAAGRN SRS AT R /Y, &5, SR8 BEsms
oAt PR S0 JE R B AT LR HT o

431 XghAXREEBEXM

B AR B B (A RN (K — AN EERER, AR @ FRPE T DUARRE A (] S5 R DX bl A R 1
SOMA[18] [19]0 A5 42 R 52 22 FR B ASRAE 22 W) R AR 5080 [20], HHUEVE R [-11] v, =HENT 0, ¥
WY IX 3k 0 8 e e 0 A7 7E 25 IR BAR G, RITAR 4R DX S (B B R e e 70 A A S TR I, 0D /I 5 A 2 )
ACHEBROR: FEUERT 0, Ui IX bR R R RE A EIEAR G, BB RS U I 2 (A SR AR M it 7 8UfE
10, UHABMERENLO AT, AFEES R EAHSEE . & e B KT Rt =TT R 10 2 R A R
HitE AR 284, ARNE 4.
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Figure 3. Time series of BVE-Gini of GDP, Energy, industrial wastewater, and SO, for urban clusters in the Yangtze River
Economic Belt

3. KT K™ EE GDP. Energy. TlEE7KFN SO, HIMEH 2 R EETFE

KALZ G P b 2 5 AR SR VE 25 . I T i DU SR febr i 4 JR S 2 R ok 2l
o7 REMERL, HEEE 0.1~0.6 (8], WHIHKILH TH I 1 IEA SRR, B AR H &
IR AR A IR 7 B, Ry - R UK - (RS, X5 B EUR RAT . KILh =
W ERFEZARBRENNT 0, HAZRAETREN P EAYK, WHHKIL T il BIRAEAE 55 125 E]
FRYE, (AR E; KIT LR GDP 5 Tk BRK 1 4 Jm 52 22 40 MU 2 0 35 IR A IR A AR G, BTG
{L_EF7 6 GDP 5 Tk R /K $ede 5 5 S BUX AP A e -

RERHEEAET 0N, SATRRERLEMING, L5 FEATE, BEBERBD, XK
JEPPRVEIG 3, B R SRAT B R L. BEE I R HERS , KU e 5 LN iy GDP [ [ R AR R
JE 2SN 5 IRES K, (AALARE TS DA BRI 2R F el Wik BT R RE, (R4
TS, U R AENE R o, R RATBIREEEINR], X AR ES; SO, AT SN, {Hik
KRETEEY, WU RENERE, IR R b AP o .

Table 4. Spatial autocorrelation of urban agglomerations in the Yangtze River Economic Belt

4 KIIEFHERHRE=EBAXMY

TR i bR
GDP Energy  IMkE/K S0, GDP Energy LMkK/K SO, GDP Energy  LkEK/K SO,

-

2005 0.2507 0.054 0.227" 0.217" -0.164 -0.135 -0.113  0.014 0.186" 0.018 0.058 0.036

o

ok ok

2006  0.256 0.063 0.284 0228 -0.163 -0.132 -0.111 -0.042 0.191" 0.016 0.094 0.007
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2007 0.256™" 0.067 0.282""  0.244™ -0.162 -0.143 -0.125 —0.019 0.19” 0.021 0.126  0.033
2008 0.257""  0.062 0.280™  0.205" -0.162 -0.144 -0.145" -0.043 0.192"  0.016 0.113  -0.003
2009 0.259™  0.069 0.284™ 0173 -0.162 -0.156 -0.144" 0.006 0.190"  0.012 0.121  0.023
2010 0.2607 0.075 0285  0.193™ -0.16 -0.152 —0.173" 0.029 0.185"  0.015 0.198"  0.071
2011 0.259™ 0.077 0.397™ 0.088 —0.158 —0.149 —0.127 -0.020 0.177" 0.003 0.362™" —0.001
2012 0260 0125 0398  0.154" -0.157 -0.148 —0.114 -0.035 0.173" 0.051 0.367"" —0.007
2013 0.260""  0.156™ 0412  0.068™ -0.156 -0.141 —0.092 -0.049 017" 0.065 0.346™  0.025
2014 0.260"°  0.158™ 0419  0.159° -0.156 -0.117 -0.12 -0.036 0.168" 0.059 0.334™ -0.021
2015 0.261™  0.156™  0.410™" 0.080 -0.155 -0.129 -0.148 -0.054 0.166°  0.050 0297 -0.029
2016 0.261™  0.154™  0480™  0.366° -0.155 -0.135 -0.189" 0.133° 0.162"  0.039 0.355™"  0.217
2017 0.260" 04257  0521™  0.223™ -0.155 -0.169° —0.178" 0.028 0.158" 0.284™" 04367  0.069
2018 0.258™" 04157 05107  0.249™ -0.156 -0.170° -0.142 0.028 0.158" 0.260"  0.374™ 0.071
2019 0.255™ 04177 0508™  0.183" -0.157 -0.171" -0.152* -0.018 0.156° 0.254™  0.362"" 0.021
2020 0.265™  0.434™ 04677 0.097 -0.156 -0.172° -0.165 -0.105 0.156° 0.258"  0.374™" -0.082
FORAE 0.05 K FEE, THRA00LATFEE, TR 0,001 KFEE,
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Figure 4. Time series of improved and traditional environmental Gini coefficient of GDP,
Energy, industrial wastewater, and SO, in the Yangtze River Economic Zone (2005~2020)
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Figure 5. Relationship between the Gini coefficients of mixed environments in the Yangtze River Economic Belt
5. WIIAFHREMREERARBHXR

GG A RS R S AR IR KRB R, AL R, ARSI E R
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