5540 B4 24 1] *E &~ 2 Eild Vol.40,No.24
2020 4F 12 A ACTA ECOLOGICA SINICA Dec.,2020

DOI: 10.5846/stxb201912282818

Wy, ;SRR TRARAT R SR PR, B2 25 5 T = i AR 25 R i AR ARV P SRl A A 1 23 5 A AR 5. A A5 2 4, 2020, 40 (24)
9011-9022.

Yang Y Y,Lu H W, Liang D Z,Chen Y Z,Tian P P, Xia J.Balance Analysis and ecological compensation of urban agglomeration in the middle reaches of the
Yangtze River based on the three-dimensional ecological footprint model.Acta Ecologica Sinica,2020,40(24) :9011-9022.

ZHATEITRB BT R ™ B FE S
%iu%l\%ﬁ%?ﬁ

H—w'? pRHYT RAE LR wilR e
1 Aedbr Jy REOK R 5K B TR B, JEat 102200
2 rp ER B IR 5 PRI T R KA R A b R R A SE R, dbaT 100101
3L T RF AU B e, REE 300401
4 WPURZEK B 5K B TR [ K i L0 s, I 430072

FE KT AP T B R T B A B A 43, WA 24 265 58 S 487 1 ool i 8 X 8k i) A 25 Mz A B YT i B B 25
ﬂ%ﬁ?ﬁ)ﬁﬁﬁﬁiﬁgl TF 5 % FH = 4k AR 25 R S AR AR RN 35 JE 2R 50, M A3 VT A Ui 3 B 45 T AR 2 R 3 B AR SRk R
A A5 RS (]S P EA T 437 ; TR AR 3 = i 25 A SE e 1155 i AR Mz A4, 45 SRR I . D2000—2015 4F KT
w?ﬁﬁﬁ%i%ﬁ%ﬁlﬁﬂ 2 ETF, M 65.52 hm®/ ABGINZE 139.38 hm?®/ A AE88 K R Hy 7.52% | 3% U T P8R 00 B ke v B o 2
ARG A TR R @A AR B R R, i 11.25 hm?/ A8/ ZE 10.73 hm?/ A, N R SRSk F | #F3b Fbk &
PRUE SRR RE M i N OB S EBMLE A ILE REUE T 0.425-0.488 Z (8] B {k b Ab T SRR FR ALK 1 X [B] JE
23 () A3 i NPT 5 (4)2000—2015 AR VL i T 8 A 25 R SOAST IXORIAMES 4 B Rp S i, 45 F 38 i AR kM 22 =
KANTEZR R PR B IR T 70> PR R 3 T 7 > IR T PR S OO T . 3 o0 T DX 2 R A SR AR T (1 e s AR
ACHRAE FF 3 10 X6 17 &Mz 7 52, LA SRy T F e 3l i A 2 R TR A B (B e SR A B
KR LA A A AR AR T s 38 R A A M KV e T R

Balance analysis and ecological compensation of urban agglomeration in the
middle reaches of the Yangtze River based on the three-dimensional ecological

footprint model

YANG Yiyang'*,LU Hongwei> * ,LIANG Dongzhe' ,CHEN Yizhong® , TIAN Peipei'*, XIA Jun>*

1 School of Water Conservancy and Hydropower Engineering , North China Electric Power University, Betjing 102200, China

2 Key Laboratory of Water Cycle and Related Land Surface Processes, Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of
Sciences, Beijing 100101, China

3 School of Economics and Management, Hebei University of Technology, Tianjin 300401, China

4 State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan 430072, China

Abstract: Ecological compensation is an applicable solution to support sustainable development of mega-regions, such as
the Yangtze River Economic Belt ( YREB), where conflicts often occur between environmental protection and economic
growth. This study investigates the ecological footprints and carrying capacities of main cities in the Triangle of Central

China based on a three-dimensional ecological model and the Gini coefficient. They are then used to generate ecological
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compensation schemes among sub-cities. The results have shown that (D the ecological footprints continued to increase from
2000 to 2015, with an annual growth rate of 7.52% (from 65.52 hm®/cap to 139.38 hm’/cap). The Wuhan Metropolitan
Area and Xiang-Jing-Yi City Group occupied the most of regional ecological footprints growth. @ The ecological carrying
capacity was decreased from 11.25 hm’/cap to 10.73 hm’/cap, and cultivated and forested lands were the major
contributors from the perspective of land-use types. @ The Gini coefficients of ecological footprints ranged from 0.425 to
0.488, and such a spatial distribution indicated an imbalanced and agglomerated tendency associated with city development.
@ Both of the payment area and the compensation amounts have increased during the past fifteen years, with the priority
being Poyang Lake City Group > Great Chang-Zhu-Tang City Group > Wuhan Metropolitan Area and Xiang-Jing-Yi City
Group. The outputs of this study are expected to provide decision-making suggestions for sustainable development of YREB,

and offer valuable implications to other mega-regions as well.

Key Words: three-dimensional ecological footprint; ecological carrying capacity; Gini coefficient; ecological

compensation ; middle reaches of the Yangtze River
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Fig.1 The location of the middle reaches of the Yangtze River
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Table 1 Three-dimensional ecological footprint index evaluation system
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RAL Il T AERE R N8A4 5 IR R A T RIS FORAS AR KRN 7.52%

R 2 KIIhiEE TR 2000—2015 £ A ESBITRE

Table 2 Depth of per capita ecological footprint of urban agglomerations in the middle reaches of the Yangtze River from 2000 to 2015

SEGy BT ATUATE el 00 1 T Utf(Irz,fl}irfnmf$

Year Xiang-Jing-Vi Wuhan Metropolitan (?f'eat Chang-Zhu- Poyang Lake City Group in the middle reaches
City Group Area Tang City Group of the Yangtze River

2000 7.98 11.61 12.39 6.97 9.74

2001 7.74 11.74 13.24 7.08 9.95

2002 8.58 12.30 14.10 7.33 10.58

2003 9.19 13.22 15.22 7.42 11.26

2004 9.78 14.03 16.41 8.64 12.22

2005 10.30 15.36 17.58 9.08 13.08

2006 10.96 15.65 18.58 9.78 13.74

2007 11.80 15.81 19.75 10.35 14.43

2008 12.34 17.53 18.88 11.09 14.96

2009 13.73 18.99 19.14 12.12 16.00

2010 15.03 21.03 20.70 12.61 17.34

2011 17.26 22.11 21.37 13.06 18.45

2012 16.53 23.36 21.43 13.40 18.68

2013 15.39 24.66 21.48 13.83 18.84

2014 17.43 24.03 21.92 14.11 19.37

2015 18.10 24.64 21.87 14.13 19.69

£3 KT T EE 2000—2015 £ A ESEEE/(hm?/N)

Table 3 Breadth of per capita ecological footprint of urban agglomerations in the middle reaches of the Yangtze River from 2000 to 2015

A4y %#‘Jﬁt@ﬁﬁf ﬁamfﬁ%]. el ERTHS BH A sk i R Uijlgniffziin

Year Xiang-Jing-Yi Wuhan Metropolitan Great Chang-Zhu- Poyang Lake City Group in the middle reaches
ity Group Area Tang City Group of the Yangtze River

2000 0.33 0.22 0.19 0.24 0.25

2001 0.33 0.22 0.19 0.23 0.24

2002 0.33 0.22 0.19 0.25 0.25

2003 0.33 0.23 0.19 0.24 0.25

2004 0.33 0.23 0.21 0.28 0.26

2005 0.33 0.23 0.21 0.28 0.26

2006 0.33 0.23 0.20 0.29 0.26

2007 0.33 0.22 0.20 0.29 0.26

2008 0.33 0.23 0.22 0.30 0.27

2009 0.34 0.23 0.20 0.25 0.26

2010 0.34 0.23 0.21 0.25 0.26

2011 0.34 0.22 0.22 0.24 0.26

2012 0.35 0.22 0.21 0.25 0.26

2013 0.35 0.23 0.22 0.25 0.26

2014 0.35 0.23 0.22 0.25 0.26

2015 0.35 0.23 0.21 0.25 0.26

3 ] UL, 2000—2015 4[] X T A s i A 28 A 25 e 78 5 ik B 22 A9 2 900 B T B ( 29.91% ) Ak
DU B (26.91% ) , FR SR KRS BE(25.12% ) , BT Bk 5 /0 ) 2 2030 BH 5 30 T B ( 18.06% ) o M+ Hb A1)
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Fig.2 The per capita ecological footprint of each urban circle and urban agglomeration in the middle reaches of the Yangtze River changed

in time and space from 2000 to 2015
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Fig.3 Composition of the average ecological footprint of the urban agglomeration in the middle reaches of the Yangtze River from 2000

to 2015
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Table 4 Spatial pattern of per capita ecological carrying capacity of each urban agglomeration in the middle reaches of the Yangtze River

in 2015

T i Bl it Kk AR IS BB Hit
City group Cropland Grassland Forest Water Fossil fuel land  Building land Total
FEIR BT RE 0.922 0.025 0.783 0.064 0.006 0.066 1.866
DU T R 1.566 0.033 0.498 0.146 0.021 0.170 2.434
PR BRI IR T R 0.999 0.022 1.171 0.074 0.028 0.073 2.366
BT FH I 3k T A 1.495 0.098 2.212 0.091 0.030 0.135 4.062
4t Total 4.982 0.178 4.664 0.376 0.085 0.444 10.728

WFZEIIA] KT A T A2 A SR 3R PR DL 5, R S 570 FH A | oAl 4 b S0 2 25 R 2 i
£ 2000—2015 4[] 347G Fr B K, JULARFHE PR A ™ 8, 5 2000 4EAH 1L, 2015 4FEBEHL AU 3442 85K 3K
HEFBET 0.31 hm®/ A 3RS ZEHESE IR T AL E R rp | 32 oo 5 R B S AR FH AT ML, = il v L4332 1
49.81%F11 49.98% , A AN , B H AU HATS (5 K VT rbife sl vl A SRR T 08 = i, — 38 A Sk Eihe
ZRNL LA 90% , PR A 25 J v g 0 A %o A ot PR ot A 477 0 B DA s e 0 P i 3 i R e Ak A 2R 3
AEJT,

2.3 BB EBAFES

FJe Z BT F A A5 AE 25 ] 43 AR SRR AS . L 2000—2015 4F B — 44 25 258 . AT GDP LA
FoK B U5 R R S, $ 2R (5—6) T8 H & T Hh i 3 i B S [) 52 g [ 22 ) ) 36 2 R DA B 27 9
JRRE(E4) .

(1) NI BL R REUEAL T, AR5 W7 BIAS 4k 2000 ,2008 4E L) K 2011—2015 4F A4 3L J8 2 503 #8 5
“O.APYEHEE” R R TR AR ) DX ) BT, A A 3 DO Ak~ AR XS5 B 194 DX [ i T Y

(2)%F T GDP HJe 7%k ,2000—2015 4FAFEIAEL e RECH 0.457, Bk 2013 4F40 T 5 BE 4 7 ARAS A1, HoAth
SR IAL T SRR R R WX RS, X T25 &R X GDP B IARNT 4 2 | i A 34942 25 2 50 3 Jin
AHXF A0 M, 2R 55 R R 3R L DX () GDP 38 JinAR X /0 | Az 25 R b AR X 3 4 22, a3 th 3 WA T Hp i 3ok T B A1
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F5 AT HIEE TR 2000—2015 £ AHESEKFENHETZNL/ (hm?/N)
Table 5 Dynamic changes in per capita ecological carrying capacity of urban agglomerations in the middle reaches of the Yangtze River from

2000 to 2015

AE0Y it Hih M K5k AT R S it

Year Cropland Grassland Forest Water Fossil fuel land Building land Total

2000 5.292 0.194 4.975 0.350 0.092 0.343 11.247
2001 5.273 0.193 4.951 0.349 0.092 0.342 11.200
2002 5.250 0.192 4.923 0.347 0.092 0.341 11.144
2003 5.220 0.191 4.884 0.346 0.091 0.339 11.070
2004 5.223 0.190 4.878 0.345 0.091 0.339 11.067
2005 5.134 0.187 4.846 0.378 0.084 0.368 10.996
2006 5.117 0.185 4.822 0.377 0.083 0.366 10.951
2007 5.092 0.184 4.791 0.375 0.083 0.365 10.890
2008 5.071 0.183 4.763 0.373 0.082 0.364 10.836
2009 5.091 0.183 4.763 0.376 0.083 0.366 10.862
2010 5.082 0.178 4.801 0.378 0.088 0.388 10.915
2011 5.038 0.176 4.755 0.375 0.088 0.385 10.816
2012 5.024 0.175 4.734 0.373 0.087 0.384 10.777
2013 5.009 0.174 4.707 0.372 0.087 0.384 10.733
2014 4.999 0.174 4.693 0.371 0.086 0.383 10.707
2015 4.982 0.178 4.664 0.376 0.085 0.444 10.728

(3) FAF K BT IR L JE R A I B 0.4,
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JRARZS , [ st 150 B 7 B U ) 2 18] A A S 520 AR 25 BT U gjg

MR FEENE, 0.40
(4)2000—2015 4 KL e i AR S Ll 25 & 035

0.30

FJe 2B TE AL TE 0.425—0.488 Z [A], 16 441 0.25

3} JB &% Gini coefficient
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E Url',o of the middle reaches of the Yangtze River from 2000 to 2015
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