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Fig. 1 The sketch map of Yangtze River Basin
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Tab.1 Provincial grey water footprint in the Yangtze River Basin from 2009 to 2020 ¢ m®
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Fig.2 Spatial variation in the grey water footprint of various sectors in the Yangtze River Basin

S5 1 3ab AT« AR A7 A DX SRR 0 £ DX AR VAR L P RE IE DX RR AR TR TP TP A X
S5 X IO K B R0 A AR DL A e B D5 TP AT X UN T IR A L e A DI VR T SN A TR A L WA
BRI A T2 R N K B I R e R T 5 S il DX (H R AR R K AR TR A e SR R 5 B v A DX g e DX
T TLIRAE SRR PY A H N A T R A S8 S T N A B R A X iR T8 e SR e - HLIROK BRI B SR L oK
TR IE T . 18] 3 S8 738 7K B IS A0 XSO0 2 9 B 7K AL 38 A8 77 2 IS LT 0. 5~ T 1, B A O, X BN 454
CELEETIT) W R K 2 308 2 fof R 85018 25 57 W s R 78 20192020 4 X8k i K 3 40 4 CEL BB 1) 1 K 7K I 38 2 fof 3R
By R B S X ROK TR A I S R8s o K BT R DX DK R 38 2 A AR BT L AR 0. 1~ 1. 5, e it
B VCEBAE SR % R B R R SR R B (IR 3D, KB IR e Il XA R K R 3 3 AR BOME T LA 0. 2~
L 2. )& TR K BE IR e I de /N DX s X3 P 19 48 AT BB B0 0 22 D 3 e v IR B0 X HG v DY R 1 3 XA K
T A FR KR B A2 A R AR (18] 3e)
3.3 RKIIRBESMEREZRUS T

AR 22 AR AR A A AR MEAE TE 48 KA B VLU U 22k S AN AR v A SR 3R 2 i, G b 2 DX A
AP EE AR AR R HIE BRI R . TS Be s BE, 9 OR 7 9E 52 45 B0 A B R g UL O < 07 DX O A
ASFRIE Y 32 2 DX W S AR AR 5 TE B DX A 25 3R B8 A LR 4 X, I 3R A 2R 2 MBS . 20092020 4F, RT3 5K
DA B8 2 2 s o 248 X (R B B S B Bl A, A5 A R X AR B YE BN 5 B AIRAELAE 2011 4F D 570. 92 4200, e fH
E 2019 4F24 1 090. 45 4270 WiTLA AR ILVEE BRI TR ) PRHE R B 36 DCRIPE 3 A TR DXL T 3 5
P F) b DX 30 S 7 7 R A A 2R DX 5 T VG A AR AR B 2 A AR AR v e L AR P (3K 163,32 4208,
AR DX B TR SO AR 2 R DX s V5 A IO SCASE 9 A AR R R v R R AR S BRI 118,59 20T, % 2
i B < A N S AR A X Y 4 O e A R DR R Y I A AR 20192020 AF R AL S I AR AT AR A
M DX

R T 2% A AT BB T B 2 WA 2 2R AR AR E S R BLAY R 5 AR M bR M E AT 255 40 BT, 45
FRANE 4 B o 4 08 BV 1 A 25 o 1 LA A7 B i 24 DX 2 ) ) - 42 A 25 A B B (L R 8T 4 S s RV
Sl 45 A 2 A (R VU BT e O B R v 90 e DX TP 4 — ) PRHE R YA XD O T U A X b T A
BN JE BRI CERTT—F4) . RITRAR R T LB AME bR A T 3 X7 it 32 A A 22 b g

I >1 285.22~2 182.17 L

d XEBEFHRKRIE



% 1# 2 F.HE ATRAREHKIREAANEAEENE LA 57

BATARFEO ., & 4 BTH1:2009—2020 454 VT3 PN Ab 1 22 4% DR 25 109 A 285 2 8 R M DX A 5 Wi VT4 A 4
B LVEE GHIREA AR PRI A XCRPE G X, A T R IR A A A AR R e X AL T UL
A VLR A G RTINS BT CH R A R A A I A S R
T ARBR KT A A MR R B L U I I A DXk = T A K B R AR ) A L R R T T X X
N1 BRI IR A A A ME AR T AR B/ NIRRT HE T AR U Rl IX (2 329. 22 {258) . BFHLIX (2 072,19 4278) . h
JiF X (1 880. 42 A2 70) 5 X | 3 DX I 4% % 07 (9 28 3 22 4 2B 28 42 s o DN R B/ R 47 HE 77 AR U2 b J L IX
(168. 25 1Z70) . B HIIX (31. 87 4270) . FliFHL X (25. 04 1270 5 MR B F 4= BAb2br i 0 Bit R 7K T B2
A% UE IR VLI 380 N 19 7K 0 U AR 28 R 48 Bl 55 L T AR DL IRE

C R X
e e I B G A X
[ kB> I G X
K BER RS 0 305 610km I A3 L fir X 0 305 610km
W K T X
a KEESHRR b KEFEHFHE
................. g HR P [ — ]
% IR ——mi

2 T —— BRry

YU E S
TRIK 2 770 2 K
PN ES

¢ KFBRRIVERKBEBHTRBERENL d KBERFRERKETHRFTRHEERENL o KFRRGTERKETHTRBERETN
B3 KIRBRAKEEHETREHZES

Fig. 3 Temporal and spatial differences of load coefficient of grey water footprint in the Yangtze River Basin
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Tab. 2 Provincial ecological compensation standards in the Yangtze River Basin ¢t
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Fig. 4 Differentiation and comparison of provincial ecological compensation standards in the Yangtze River Basin
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Tab.3 Comparison between theoretical value and actual value of ecological compensation standard in Yangtze River Basin
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Tab.4 Ecological compensation standards of different research methods

W5 X 3 W57 ik 5 o] R 5 I7 v (48 / A e o I
% 1K T A 5 P 25 BT A T 5 K06 3 R
KT8k K S iR 20092020 4E  HLIN S FEI S A7 AL L S5 SR T AT R AR UE L (F BN BEOE R B ARBRSE
B ST NI 25 (8] 40 A B R 05 109
AP A 2K £ 2 7 A AL S R T SRR
KT 2 v *ﬂ.:\hk; 2013 4F G4 L2 A B A B L o R B A R SCH[37]
= I T 4007 5 HE 2
VEST Ko 37 P2 25 R 4 0 7 A 2 B A M R S
b 7T 3k Fﬁi;wﬁ‘; 20002015 4F P B (EDRA B0 . (6 77 76 P A A 80 1 R BORCME AR BT R SCk38 ]
7 A B ] 5 B B 5 A
[ e LR S A R G S (8 A S 2 RN R A v L X
UV SCIRTRE 2000—2015 k[39
2K, InVEST #% b AR HLRRL A AR A 22 57 L
g Tk ISR A 5 % 1 s B T I 7E AR S TR %
YE I S 2006—2015 4F SCHkL 40
R Ry o 1 85 24 1 L S0P A M 1K B 2 30 2% Lo
CASA #i | 2 1T RO R B 265 2 A 1 4 b o B 4
ZIIX 2018 4F Sk 28
I 25 ) 7T RS0 AE 20 T 0 T A B 28]
oK 25 5 7K A /o T 2 A AL AT B SE A E
T 7K R 35 4 7 20002013 4 ZSHMESHUE A% HUBF 5T X 4 MO T S0 AT L0 R R AR RS SCHRC17]
R 55 9 B S0k R K 35 2 S 38 AT T 5
5 H#RIF

20092020 4F A VT3 38 K A2 00 B 4 52 B 5 1 0 ek 20 1) s B, 7E 2015 AR 3R B E (9 131. 44 42 m®) 5 Y
JA IR K AR B e, R 2 182,16 42 m® o 7 AR AR KK R i 4R - BI(E Fe ik, 0 1. 86 12 m® 3 5 [ il b X AH
Fb T 3 i DX K AR 8 B R ] S T e /0 g R S O B . N AS TR A O VLI B P ARl AR ST 35 ROK R
T8 e R I 2 U L 1K 4R A R 2 v i e DXRT T Yl H IX 5 T R A 9 A B8 R KA R e R R v I b X SR AR
YR Uit b DRI U s DX 5 7 DXCBROBR 7K AR 30 Hh g sl B KR 8 B4 o b R A B R AR I L Tk R KR I



1 X B EETRAREMKITRRESHEOELENREA 61

Ay 15 Y S R VT IR SOK 75 G i = BER IR 4 . VT 3 KK R 0 3 A 2R B0 K LK B IR 4 A A X R
oA CEFETDAE 20192020 48 KK 2358 7 22 502 T B R 34 IR K B8 U5 R 1055

20092020 AF K VT3 385 A A5 b b v 4t X {8 o0 6 AH X A 1 3 BB P 2 Dk B s 5, e IR 570. 92 44T
(2011 4F) e R {E-R 1 .090. 45 42702019 4F) , WiTlE REE JLVEE A T RA TR A6 XX PG
I DX T3 38 oA A b XA S0 T 0 AR A S R DXl 5 HE e VPG 4 0 AR A5 ) 2R AN R R 1 e v L AR B (E A
163. 32 4270, oA iy DX DU 0 J 3 107 S A A4 25 X3 5 G v VI 975 48 07 S AN 18 A 285k A 1 B vy 4F 1 2 A
113. 594270, Mz B R VLI BT 1 A 2502 10 91 Pl 5 O A 2 i X, FE OO TR Tt X e /N A9 2 | i
Hi DX 3 3 N AR AR S R KT A AR AR B T B A X B2 ) K B R AR R R KT
BT IR A A AME RS e K Tl X (2 329. 22 470) , Hok & Bl X (2 072. 19 A278) , fre /N () 2 v i i
X (1 880. 42 4470) s BT84 25 A HME IR E B K A2 it X (168. 25 4270  HOR 2 B liF b X (31. 87 4270) , &
/NSRRI DX (25, 04 AZT0) 5 AR ASAMERR HERY R T8 52 K T 2 F A W 9K 5 5 4R 38 R g IR 55 IR R
PLEL

F VLA AR o 1 B8 B (E 5 PR B LR 4P 45 9% S PR BB 48 X 1R 228 1. 86 4270 . AT IR 2240 0. 22 %,
FHARMF IR AWk al AT A m . VLT X 22 (8] 3R 2 ASF8 A5 19 A X i 25 3, o e A /D T 55 bR
L 1) DX 35 380 i 2 1 R T 58 25 B R T B (B R SIE B (L 79 X358 G 9 1 9 DX R R a5 25 B R, DB S B T
IRBE DR AP R A A BT B P A B AR B DX B A S AMEE TR SR L 3208 B3R 2 /> 48 B A R 15 22 85 K DXl iy AR S b
PEARUEAE BT % 58 L3 2 R AL A S A A (B A S TE L B G b R Bl IR B AR B S ML L DA AR T A 3
ML A T 4

CEPEE

[1] HE C Y,LIU Z F,WU ] G,et al. Future global urban water scarcity and potential solutions[]]. Nature Communications, 2021,
12:4667.

[2] BEST J. Anthropogenic stresses on the world’s big rivers[J]. Nature Geoscience,2019,12(1) :7-21.

[3] GREVE P, KAHIL T, MOCHIZUKI J, et al. Global assessment of water challenges under uncertainty in water scarcity
projections[ ] ]. Nature Sustainability,2018,1(9) :486-494.

[4] WANG S H,HE Y Q,SONG M L. Global value chains, technological progress,and environmental pollution: Inequality towards
developing countries[ ] ]. Journal of Environmental Management,2021,277:110999.

(5T 15 PR BRI . 56 T bR 5 36 4 T 00 Je A 285 SC A Al BE Ay 3o SR B () ], PR I58 5 T 155 82 K 8 . 2021, 46(2) - 84-88.

FENG D Y.HAO H G. Suggestions on speeding up the improvement of the ecological civilization system in the Yangtze River
Basin[ J |. Environment and Sustainable Development,2021,46(2) :84-88.

(6] #7 it £ IR T8, 55, BT SECRVLAR S 76 D o7 (i 4 R VL it A S TR B AR AL AR R [T, PR AR, 2021,49(3) :89-93.
YANG J J.WANG D.MA L K.et al. Implementing the Yangtze River protection law and establishing a planning system for
ecological environment protection in the Yangtze River Basin[]J]. Environmental Protection,2021,49(3) :89-93.

[7] CHAPAGAIN A K, HOEKSTRA A Y. The blue, green and grey water footprint of rice from production and consumption
perspectives[ ] ]. Ecological Economics,2011,70(4) ;749-758.

[8] de GIROLAMO A M,MISCIOSCIA P,POLITI T.et al. Improving grey water footprint assessment:accounting for uncertainty
[J]. Ecological Indicators,2019,102:822-833.

[9] ANSORGE L,STEJSKALOVA L,DLABAL J. Grey water footprint as a tool for implementing the water framework directive-
Temelin nuclear power station[J]. Journal of Cleaner Production.2020,263:121541.

[10] KARANDDISH F. Applying grey water footprint assessment to achieve environmental sustainability within a nation under
intensive agriculture:a high-resolution assessment for common agrochemicals and crops[]]. Environmental Earth Sciences,
2019,78(6) :200.

[11] SERIO F, MIGLIETTA P P, LAMASTRA L. Groundwater nitrate contamination and agricultural land use: a grey water
footprint perspective in Southern Apulia Region (Italy)[J]. Science of the Total Environment.2018,645(7):1425-1431.

[12] WOHLER L,BROUWER P,AUGUSTIJN D C M,et al. An integrated modelling approach to derive the grey water footprint
of veterinary antibiotics[J]. Environmental Pollution,2021,288:117746.

(13] sk ZR AN, B ). 35 ARAE K i 2 77 1 Bl J2 3 55 /K R 38 I s AR AR AR AR LT . W vl 2% 41k , 2021, 33(6) : 974-983.



62 ERMEAFZERCELAFFIR  https://cqnuj. cqnu. edu. cn & 41 %

ZHANG H Y.QIN L J,JIA L. Temporal and spatial characteristics of carbon footprint and water footprint in rice production in
Jilin Province[J]. Acta Agriculturae Zhejiangensis,2021,33(6) :974-983.

[14] ZRLLBLZANAS , FME R T T oK A 7 /K R 58 I e 728 A B s i IR 3 F 5 (). ZR AL R~ 4R (1 R B 27 jD L 2017,49/(2) : 120~
126.
LI H Y,QIN L J,WANG Y M. Temporal variability and influence factors of water footprint for maize production in Changchun
[J]. Journal of Northeast Normal University (Natural Science Edition) ,2017,49(2) :120-126.

[15] ARGFANA RS, B A E IR 8 X 3 2 S5 B DR 3R 0 M [ ). A 25241, 2018, 38(17) : 6314-6325.
BAI T J,SUN C Z. Regional inequality and factor decomposition of the per capita grey water footprint in Chinal[J]. Acta
Ecologica Sinica,2018,38(17):6314-6325.

[16] FhARE [ B AR JE T MRIO §14 v [ 48 DR Mk B K A2 300 00 33 K e # 43 BT . 3t B 22 3 Ji€ . 2020, 39(2) £ 207-218.
SUN C Z,YAN X D. Measurement and transfer analysis of grey water footprint of Chinese provinces and industries based on a
multi-regional input-output model[J]. Progress in Geography,2020,39(2):207-218.

L1700/ QAR WRAR A o A8 3 T KRS T8 119 DX A 265 b o o o B 223 A Jeg F 5 [0 ], V90 38096 D5 B 058 20165, 25.(9) - 1430~
1437.
HU X F,FU C,CHEN F S,et al. Study on the standard of regional ecological compensation and the spatial temporal pattern
based on water footprint[ ] |. Resources and Environment in the Yangtze Basin,2016,25(9) ;:1430-1437.

[18] HOU L L, XIA F,CHEN Q H, et al. Grassland ecological compensation policy in China improves grassland quality and
increases herders’ incomel ] ]. Nature Communications,2021,12(1) :4683.

[19] AZIZ T. Changes in land use and ecosystem services values in Pakistan,1950—2050[]]. Environmental Development,2020,37;
100576.

[20] MA X F,ZHU J T,ZHANG H B,et al. Trade-offs and synergies in ecosystem service values of inland lake wetlands in Central
Asia under land use/cover change:a case study on Ebinur Lake,Chinal[ J]. Global Ecology and Conservation,2020,24:e01253.

[21] ANLEY M A.MINALE A S,HAREGEWEYN N, et al. Assessing the impacts of land use/cover changes on ecosystem service
values in Rib watershed, Upper Blue Nile Basin, Ethiopia[ J]. Trees,Forests and People,2022,7:100212.

[22] WU C Y,CHEN B W,HUANG X J,et al. Effect of land-use change and optimization on the ecosystem service values of Jiangsu
province, China[ J]. Ecological Indicators,2020,117:106507.

[23] HOEKSTRA A Y, CHAPAGAIN A K, ALDAYA M M, et al. The water footprint assessment manual: setting the global
standard[ M ]. London: Earthscan,2011.

(247 S Am , BLR PC MORE L S5 . T V] U3 480 T 3 28075 U e TE B HC T A8 8 34 [T ], BRI B4 %4 41, 2016, 36 (2) :420-427.
RONG N, SHAN B Q, LIN C, et al. Evolution of the nitrogen pollution in the Hai River Basin[]]. Acta Scientiae
Circumstantiae,2016,36(2) :420-427.

(257 ANA K 57 R, o [ 4 o A A 8 0 2 % A 280 R G 5 i) DR I 23 [T ). 2R 45241 . 2016, 36 (1) :86-97.
SUN C Z.HAN Q.,ZHENG D F. The spatial correlation of the provincial grey water footprint and its loading coefficient in
China[ J]. Acta Ecologica Sinica,2016,36(1):86-97.

(267 ik, T 2. b BEACHE N A 40y e i s adk e [ 1. B 2% 4% . 2005, 60(2) : 277-288.
MENG B, WANG ] F. A review on the methodology of scaling with geo-data[ J]. Acta Geographica Sinica,2005,60(2):277-

288.
(277 XNLr 5, B, B mE. 36T J KO 36 9 4 VT 28 5% 4t 7K 9% R AR 25 A A o 1 5 [ . 4 VT3 38k 9% U 5 37 5%, 2019, 28 (11) : 2553
2563,

LIU H G,CHEN M, TANG Z P. Study on ecological compensation standards of water resources based on grey water footprint:

a case of the Yangtze River Economic Belt[]J]. Resources and Environment in the Yangtze Basin,2019,28(11) :2553-2563.

(28] A EFE 204, 28 0000 X A A 28 % 0 ] Ok I 55 A0 2800 B HG AR 35 A 2 T 5 LT . BR VG U A1 R 2 2 4l CH AR B2 D L 2022, 50
(4):13-20.

YU Y Y,LI J. Research on the extraterritorial effects of carbon sequestration services and ecological compensation of typical
ecosystems in Qinling-Daba Mountainous Areal ] ]. Journal of Shaanxi Normal University (Natural Science Edition) ,2022,50
(4) :13-20.

[29] PEZE  ZEBIE , 5y WA . K ILE A A T AE -8 2% 28 90 AU0 I 25 0% Jm S AL AL 5 3RS AL (T ). Al BB B} 27 27 3, 2021, 40
(2):408-420.
PANG A P.LI C H, YI Y ]. Spatial-temporal patterns and driving forces of nitrogen flows for agricultural plantation-



Vol. 41 No. 1 Journal of Chongqing Normal University (Natural Science) https://cqnuj. cqnu. edu. cn 63

consumption system in Yangtze River Economic Belt[J]. Journal of Agro-Environment Science,2021,40(2) :408-420.

(307 2B, X 0 B 2o 45 R & & R 385 7 A B S R IR AL e B LT ). P B A2 A 42,2018, 20(5) :103-111.

WU S X,LIU H B.HUANG H K.et al. Analysis on the amount and utilization of manure in livestock and poultry breeding in
Chinal J]. Strategic Study of CAE,2018,20(5):103-111.

(317w, R , X 5 . 55 . S8 T b % - (100 0) 15 48 78 & % B o0 B SO PR IR 95 e WU P 52 [ . v e L3 S IR, 2019(4) - 24-30.
ZHANG Y,WU S X,LIU H B.et al. Analysis on rationality and pollution of livestock industry in Henan Province based on
balance between crop-planting and livestock-raising[ ] ]. Soil and Fertilizer Sciences in China,2019(4) ;24-30.

[32] WRFEHE, 2 A e, 45, VU148 o e Ui K 3 A A 2 AL AR A IR 2 ARV e v L) 1. DO I ¥R 458, 2016, 35(4) :103-106.
CHEN Y Y.LUO B,YU H,et al. Study on ecological compensation mechanism of water quality in key river basins of Sichuan
Province:a case study on Min-Tuo River Basin[J]. Sichuan Environment,2016,35(4) :103-106.

(337 TR, A B ] Ui 1 Az 25 0 4 0 o 0T ik e i W s 5% 3 i T K R g B ek O 1) B A T (T ] N RGBT, 2021, 43(9) 1 1-8.
WANG A N. Promoting national strategy of ecological protection and high-quality development of the Yellow River Basin,
endeavor to compose new Yellow River chapter of China’s high-quality water resources development[]]. Yellow River,2021,43
(9):1-8.

(347 e, SC— B0, AR 0 02 25 . 3 I A 4 A 75 b 2 SR v B e e AL [T ] BRI AR 97, 2021, 49(7) 1 31-37.

XIE J,WEN Y H,ZHU Y Y,et al. Evolution and development direction of river basin eco-compensation policy in Chinal]].
Environmental Protection,2021,49(7):31-37.

(357 F A%k, SROMENG , 2400 A5, JE T AMEAR HE BT 19 i AL A M i AT AL A A 5 [T, BRI AR 37,2017 ,45(7) : 38-43.
WANG ] F, WU Y Q.JIANG Y P.,et al. Study on operation mechanism and pattern of basin eco-compensation system in
China:from the perspective of compensation standard design[]]. Environmental Protection,2017,45(7) :38-43.

(367 %4 4 KU, XA 3 XA AT 5. 2007—2019 AF 7R V130 3 8- 10 5 K BAFAN S5 R 43 A L) ). 7K R AR Fp 3 4 L 2020, 40(4) :140-147.
ZENG ] F,LIU Z W,LIU Y C,et al. Water quality evaluation and cause analysis of Dongjiang River Basin in Jiangxi-Guangdong
outbound during 2007—2019[J]. Bulletin of Soil and Water Conservation,2020,40(4) :140-147.

[37] REX¢ . it 5. B TAE R R MRILE T AR AN B Y [T, T R TR K%M (A AR . 2017,34(6) : 94-102.
XIONG X,CHU Y. Research on ecological compensation mechanism of the Yangtze River Economic Belt based on ecological
footprint[J]. Journal of Chongqing Technology and Business University (Natural Science Edition),2017,34(6):94-102.

(381 /A e, BZE, FA . 2T A 8 AR G0 IR 55 1 IR V0 O e A 2 A 2 BT 2 L0 ], v B R B2, 2021, 35(3) : 97-106.

YAN Y L,WANG J,WANG ] M. Study on eco-compensation thresholds of Min River Basin based on ecosystem services[J].
China Land Science,2021,35(3):97-106.

(3970 H SR, P IRk B bR L 45 T A 25 2R 8 R 55 A (B 199 IR 70 TRT 8 3 A 2 B A v A% SR LT 0. AR M LB % 34 . 2019, 50 (1) 1 312-
322.

TIAN Y C,BAI X Y, HUANG Y L., et al. Ecological compensation standard accounting of Chishui River Basin based on
ecosystem service value[ J]. Transactions of the Chinese Society for Agricultural Machinery,2019,50(11) :312-322.

(40 E 288, 28 [ 3 2R 25 e 55 0 (0 146 4 A e o b o Dl < TR ol 380 380 0 S Bl L) ], 7B 25741, 2019, 39(1) £ 108-116.

WANG Y Q,LI G P. The evaluation of the watershed ecological compensation standard of ecosystem service value:a case of

Weihe Watershed upstream[ ]J]. Acta Ecologica Sinica,2019,39(1):108-116.

Resources, Environment and Ecology in Three Gorges Area

Quantification and Application of Ecological Compensation in

the Yangtze River Basin Based on Grey Water Footprint

WU Lei, GUAN Dongjie, JIANG Ya’nan, SU Xiangyuan
(School of Smart City, Chongqing Jiaotong University, Chongqing 400074, China)
Abstract: Based on the grey water footprint, the ecological compensation amount of the Yangtze River Basin from 2009 to 2020 was
quantified, to provide support for improving the ecological compensation and protection mechanism of the Yangtze River Basin. The
grey water footprint and load coefficient of 15 provinces, 2 municipalities, and 2 autonomous regions in the Yangtze River Basin

from 2009 to 2020 were calculated from three aspects: agriculture. industry, and life. The ecological compensation standards of
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each province (municipality directly under the central government and autonomous region) in the basin were calculated using the
zero-sum model and the ecological compensation standard correction index. The results show that: 1) From 2009 to 2020, the
overall gray water footprint in the Yangtze River Basin increased first and then decreased, and reached a peak of 913. 144 billion m’
in 2015. The gray water footprint decreases more significantly over time in the middle and lower reaches of the basin. Most of the
provinces (municipalities and autonomous regions) in the types of regions with larger gray water footprint loading coefficients in the
basin and at the same time less water resources distribution has shown a decreasing trend in gray water footprint loading coefficients
in 2019—2020, which implies a weakening of the pressure on freshwater resources. The total absolute value of river basin ecological
compensation standards has shown a fluctuating trend within a relatively stable range, with the lowest value of 57. 092 billion yuan
in 2011 and the highest value of 109. 045 billion yuan in 2019. 2) The average annual graywater footprint for agriculture within the
Yangtze River Basin is largest in the upper reaches, followed by the middle reaches and the lower reaches in that order. The average
annual graywater footprint of industry and domestic within the Yangtze River Basin is largest in the middle reaches, followed by the
lower reaches and the upper reaches in that order. Agriculture has the largest share of the regional graywater footprint, followed by
domestic and industrial graywater footprints in that order. The largest range of average ecological compensation thresholds within
the Yangtze River Basin is in the middle reaches, followed by the lower reaches and upper reaches in that order. The largest
cumulative deficit eco-compensation standards are in the downstream region, followed by the upstream region and the midstream
region in that order. The largest cumulative surplus eco-compensation standards are found in the midstream region, followed by the
upstream region and the downstream region in that order. Basin ecological compensation standards in general show a cumulative
deficit greater than a cumulative surplus. 3) The absolute error between the theoretical total value and the actual total investment
value of the ecological compensation standard in the Yangtze River basin is 186 million yuan. and the relative error is only 0. 22%.
The research results reflect the quantitative relationship of ecological compensation among provinces (municipalities directly under
the central government and autonomous regions) in the Yangtze River Basin, and demonstrate the high feasibility of the research
methodology.

Keywords: grey water footprint; Yangtze River Basin; ecological compensation; zero-sum model; ecological compensation standard

correction index
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