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Spatiotemporal Distribution and Sustainable Utilization of Water Resources
Ecological Footprint in Middle Reaches of Yangtze River
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Abstract: [ Objective | The spatiotemporal changes and sustainable utilization of water resources ecological
footprint were explored in the middle reaches of the Yangtze River to provide decision-making references for
the sustainable utilization of water resources in this region and in other provinces, metropolitan areas, and
river basins. [ Methods] This study selected the Hubei, Hunan, and Jiangxi provinces in the middle reaches
of the Yangtze River from 2011 to 2021 as the research subjects. Employing the water resource ecological
footprint model, a spatiotemporal analysis was conducted on the ecological footprint and related indicators of
the three provinces. Based on the pressure-state-response model framework, an evaluation index system for
sustainable water resource utilization in the middle reaches of the Yangtze River region was developed.

[ Results ] @O The per-capita water resource ecological footprint and ecological carrying capacity of the three
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provinces showed an overall increasing trend, with the ecological carrying capacity exceeding the ecological
footprint, resulting in an overall ecological surplus. Jiangxi Province had the highest per-capita ecological
surplus of water resources, ranging from 3.186 to 7.966, whereas Hubei Province had the lowest, ranging
from 0. 304 to 2.603. @ The ecological footprint of each water account in the three provinces was
predominantly industrial followed by domestic. Although ecological environmental water had the smallest
share, it showed the most significant increase, particularly in Hubei Province. @ The ecological footprint of
water resources per ten thousand GDP exhibited a significant downward trend, with Jiangxi Province having
the highest value and Hubei Province having the lowest, and the gap between the two gradually narrowed
each year. @ The pressure, state, and response indices for sustainable water resource utilization in the three
provinces generally exhibited declining, rising, and increasing trends, respectively. The comprehensive
evaluation indices exhibited a fluctuating upward trend; however, the rate of increase was modest and the
overall index values remained relatively low. [ Conclusion] Continued efforts are required to enhance the
rational use of water for industrial and domestic purposes, promote the utilization of ecological and
environmental water, and develop advanced measures to achieve sustainable water resource utilization. These
findings can serve as a decision-making reference for water resource sustainability in the middle reaches of the
Yangtze River and other provinces, city clusters, or basin areas.

Keywords: water resources ecological footprint; spatiotemporal analysis; sustainable utilization; pressure-state-

response (PSR) model
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Fig.1 Location and topographic map of middle reaches of Yangtze River
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Table 2 Ecological footprint, ecological carrying capacity and ecological surplus of water

resources in middle reaches of Yangtze River from 2011 to 2021 hm?/ A
ikl A=y LK PR
B OBV AEDOK I AR AR ABUK VIR AR AR AR KRR A K
AL AEBERET ERBER ABRE AERERRT ESBAR ABRL ABKEBT ESESR
2011 0.851 1.461 0.607 0.820 2.774 1.954 0.971 4.156 3.186
2012 0.856 1.564 0.706 0.821 4.889 4.067 0.892 8.706 7.814
2013 0.826 1.514 0.680 0.825 3.883 3.058 0.970 5.700 4.730
2014 0.819 1.746 0.925 0.818 4.409 3.591 0.946 6.526 5.580
2015 0.851 1.928 1.075 0.808 4.700 3.892 0.892 7.995 7.102
2016 0.792 2.827 2.033 0.803 5.371 4.568 0.886 8.851 7.966
2017 0.813 2.349 1.535 0.790 4.670 3.880 0.890 6.574 5.684
2018 0.829 1.609 0.778 0.810 3.278 2.469 0.894 4.562 3.668
2019 0.845 1.150 0.304 0.797 5.119 4.322 0.899 8.140 7.241
2020 0.802 3.393 2.603 0.759 5.165 4.406 0.893 6.683 5.789
2021 0.953 2.265 1.305 0.803 4.380 3.577 0.912 5.631 4.718
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Table 3 Ecological footprint of water accounts of each province in middle
reaches of Yangtze River from 2011 to 2021 hm?/ A
Wi A PANEES)
O A ORI ANERRR AR AR ARSI AR AR ARSI
MK KR SRR Ak 2 KRS SRS AKES KRS 5K R
2011 0.782 0.068 0.001 0.700 0.114 0.007 0.858 0.105 0.008
2012 0.781 0.074 0.001 0.719 0.109 0.006 0.792 0.096 0.008
2013 0.751 0.074 0.001 0.726 0.100 0.007 0.871 0.099 0.008
2014 0.743 0.075 0.002 0.720 0.105 0.007 0.848 0.101 0.008
2015 0.774 0.075 0.002 0.713 0.105 0.007 0.795 0.103 0.008
2016 0.708 0.081 0.003 0.709 0.109 0.007 0.789 0.105 0.008
2017 0.728 0.081 0.003 0.697 0.111 0.007 0.794 0.106 0.008
2018 0.744 0.082 0.004 0.717 0.114 0.009 0.803 0.106 0.009
2019 0.759 0.081 0.005 0.703 0.116 0.004 0.812 0.107 0.009
2020 0.678 0.091 0.034 0.631 0.110 0.017 0.776 0.105 0.012
2021 0.807 0.087 0.060 0.654 0.121 0.030 0.790 0.105 0.017
3.1.3 7 /L GDP ARFR A Z R 20112021 4R LIRSS  BEIRTHFEREUR . TLDF i X i 4%

YL X 5 78 GDP KBRS R UL 2, Mk {4k
F 3B KAERTTIG GDP KR A S Rl i A& A IE . (H
BAE T, 2 K G IR A FHBCRFE AW B2 3. TP
()5 76 GDP K 9 I A= 25 2 3 e = » 3644 19 J7 o6 GDP
KGR A 2 G HE = 22 ) A 25 1 R R AR 4
NS, YTV A0 T I GDP 7K 8 IR A2 25 2 305 1 = 1
F R AR U4 A GDP A GDP 58 3 4
FR A R E S 2 05 K R K B AR K B A 3R =
P B /N . G4 B GDP i RT3 GDP
HOAE 3 48 FPAh 24 X6 451 e L B =k i & R A
I A L 4 1 3 6 GDP K 8 PR AR 25 il iR

0.4 COwiks [COWmg CCOois

10557
o o
o W

]

(hm’ *

T3 TGGDPIK B Y5 A 35 2/
(=]

"0 AL

10\\ 10\1’ 10\3 Q_Q\A‘ Q‘Q\‘) 16\6 mﬂ\q QQ\% 'Lﬁ\q 10’7’% 107‘\
&®
2 2011—2021 EKTPHFHEX T T GDP K FFEESEIT
Fig.2 Water resources ecological footprint per 10 000 yuan GDP in
middle reaches of Yangtze River from 2011 to 2021
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PR AR XD K BRI A R . R Tl R T 1
AR 2 BUAE— i A S B, - HE TR AIK L SR T A
T HE T A Tl A SR A DR RUTR A R A TR D
FASEBLE R F R G AT R FAE K BB AR Tolk;
S T B Tl A e 2 LA IR AN 4k A T O AR 3 R
Al 2k 32 AR AT L s T B Y = FE K T, R I
PRI T 97 76 GDP /K ¢ 5 A= 25 12 36 5 M 2 A 36
. A M X B T 0 GDP /K %% I A2 25 1 05 24
TR B 26 WA 45 A R R 22 B 4 ) A 1 R KO TR
B BRAI . R4 JT 0 GDP 7K ¥ I AR 25 2 5 e A%
PR 5K 5K BT L 5K 58 B TR U IR L R = AR
GDP v el e s FOR KD T KU T VR S 8 g 1
2yl W E Sk . GDP 7 JE I B 4 i . o i
8= el . IR 1o GDP K BRI AR 2
5 % v %) S 25 BH T R PG B R R b P 2R T R R AR
FERAG . VLVE 2 45 HLIX (9 T3 6 GDP K %8 5 A 745 2 b
N PR 17 Ab T v ) o AR 4 2 A, L, d N T
1) J7 76 GDP 7K 5% 5 A= 25 J2 00 B R e K, 3X 5 % R
rRC 3R T R B U 28 U kR 55 K B DR A 3R O T X
B|TRERGHEA 5, W M. REENTT T
GDP /K B U5 A8 25 2 3 B MR AR /N, U6 B 3X 3 AN T i
TR R 5 1) TR IS 5 K WS UR A BRI . VI
B 776 GDP /K B8 AR 25 3l Fe A2 g BTl e 2
HEN. MET SRR 8 S
5 IR T BE R GDP, [R] i /K %8 I8 1) FH R B B
PRI LT B T 7 Bk — 2D DA KO3 R R A50%
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Fig.3 Distribution of water resources ecological footprint per 10 000 yuan GDP in Hubei Province in 2016 and 2021
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Fig.4 Distribution of water resources ecological footprint per 10 000 yuan GDP in Hunan Province in 2016 and 2021
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Fig.5 Distribution of water resources ecological footprint per 10 000 yuan GDP in Jiangxi Province in 2016 and 2021
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3.2 KiIdiFi XK TR AT HFEF AEmN

3.2.1 AR E AR SCHYEE T A VL i b XK TR
AL R PP e b iR R A TR R LR 4, &
FLULEI S, T 2021 AFF 0 B Sk AR R BUE R
ML F] 2020 4,

AL FEARALE (S5 R R R E i e K
FEE W) 07 )23 19 36 B 188 it S 5 AN EE Ol 01125 de /AL
NS Z 07758 GDP K& AL E N 0.059; 1 N
JERCE 35 0 E 12 0,330, R EE 0,294, W R 2
0.377 I B R E 1 TH B E5 R F L 848 2 1) i
KA Ay e 1 )2 9 95 7K B AR R 2R BCEE R 0,116
e /IR R RS 2 K B IR AR AR B4 ALE Dl 0,055

HE JZ AT 5 50 R 12 0.359. k& )2 0,256, 1
N JE 0.384, WTLVE B FE AR AL E Y THE S5 /A , 85 2
1) F5e R AL EE Ay W) 7 22 1 Tl FH /K 3 42 R R AL
0.1; fe /NBLEE i T3 J2 1 N 1% B, ALEE Sl 0,061
T JZ AU 43 51 8 1 )2 0.347 RS Z 0,296, M [if
JZ 0.358,

AT LU .3 48 76 HE ) )2 0 fe KA R K [ i R
FEAR , e/ MCE R R B RS 8 45 5 72 36 5 = 09 B K AL
AR W RS Aw L R0 HE AR 2 1Y B/ MLE SR A
FEJ14e b . HA P 44 #R R FOIRASHE AR . X 7/ KWK
HSURR M A 200 %) W) 7 5 it 1o %o 7K 8 R R A AE /Y R
FIE I o 23 A7 R0 7K B IR % AT R 2 R ARG

F4 KiIIPHEMXEEKREAFENBENERERINE

Table 4 Weight of evaluation index system for sustainable utilization of water

resources in each province of middle reaches of Yangtze River

- sk 2 THE 2 A E TRARZE R E

W W B PN Bl W B PANLTE S

ANEO#EE/ (N« km™?) 0.062 0.073 0.061

i J7J6 GDP K /(m?® = 107067 0.059 0.064 0.066
AN AR/ (m? « A7) 0.330 0.359 0.347 0.073 0.082 0.067

2 J776 GDP KB IR A A B/ (hm® « 107478 ) 0.063 0.067 0.069
V5 K AR HE R L /10° ¢ 0.072 0.074 0.084

R KB /10° m® 0.067 0.059 0.074

R iR AK PR /10° m® 0.075 0.058 0.069
& KV BB A/ hm? 0-294 0-256 0-296 0.072 0.055 0.066
J776 GDP K#E/(m® « 106 1) 0.080 0.084 0.086

TR B () 0.112 0.088 0.085

M) TR E KB BEA/ (10* JT) 0.098 0.078 0.092
I T HAKEZFHE % 0.377 0384 0358 0.076 0.103 0.100
V5K AR/ % 0.090 0.116 0.081

3.2.2 ZAGEME R 2011—2020 4FE KT H i X
KBTI A RS R P 25 R L3R 5 FIiE 6, 3 A &
JIHEHC RS w1 8 B0 2R B L A B A
N LR TR, 3 AR B L .3 B R
FEECN T B 3 b A BT RS 8 Boh e & ny B
AL 9 A8 T T T A e 7 A A5 00 2 0 R 4 e R 1
Fh HA W M EA & . LA 2020 4F R )L R 48 B
F SRR 4 . 0.094 9, BRIP4 . 0.086 45
RAETE B = R AL, 0.127 8, AR EWI A
0,079 05 i) B F5 K dw = R IR A . O 0.142 4, 4%
OEWIAEE N 0.114 7, 3 48 B /K B TR o] 45 22 1) T 45
AR AE B S 2B _E TR R B (0 T IR AN
K. 2020 FF25 G168 m W dE 4 0.109 4, Hik
JEMIFE A 0.109 0, F J5 VL PG4 0.102 1, AT 0L,
3B MILEA TR R AR A 2, AT 52 R ZKOF SR L
F g o0 3 B LR G RREUE I A &, FE R IR TIRES 48

bGPV (=5 QDI Qs W N A ¢ VY U S DR IL S
it B — 2D R I BRI L $2 TH R B IR AR
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Fig.6 Results of comprehensive evaluation on sustainable
utilization of water resources in each province of middle
reaches of Yangtze River from 2011 to 2020
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Table 5 Results of comprehensive evaluation on sustainable utilization of water resources in
middle reaches of Yangtze River from 2011 to 2020

o LR UK [N

SRR IR E W AR RO E OIRAERE mRE R SRR OB RBIRE MR SRA R
2011 0.1189 0.0833 01894 01351 01356 00711 01014 01058 01398 0.0820 0.1440 0.1243
2012 01201 00828 01055 01037 01317 00915 00938 01067 01283 01141 01131 0.11838
2013 01072 00764 0081 0093 01274 00785 01028 01053 01302 0.0885 01059 0.1093
2014 0.0984 00826 00903 00908 01230 00822 00833 00972 01242 0.0916 0.0967 0.1048
2015 01072 0.086 00984 00979 01052 00821 0.0940 00949 00964 01020 0.1229 0.1076
2016 01000 01129 01024 01048 01015 00883 0081 00921 00926 01076 0.0989 0.0994
2017 0.0974  0.0975 01120 01030  0.0988 00783 0.1015 0.0945  0.0898 0.0838 0.1177 0.0981
2018 0.0958 0.0692 01032 00909 01003 0.0604 01107 0.0940 00888 0.0636 0.1257 0.0946
2019 0.0936 00515 01159 00897 00985 00810 01417 01105 00868 0.0965 0.1467 0.1112
2020 0087 01278 01147 01094 00949 00790 01424 01090 00864 0.0800 0.1353 0.1021

4 5

AR SCE FH K B IR AR 2SR S R 20112021 4
Y R Uit b DX 56 I IE B R ATV A R K R R
AR A SRR A S B AR AT I S A b, OF
BEF A 25 3T H PSR AR R AE 420 £ VT i X K
BEUR PR S R VR 8 AR AR R L 40 AT R T IR L
N8B ZE A A8 BB B0 B 9T 3 48 TE 7K 9% IR AT R 22
FH 7 T b X 22 S FIAEFE N 2 L 15 1 LR 458 .

(1) KT A 3 4 B AN BIK G IR A 25 R 5 AR A
AR SRR R LI R SR e TAES
JEIE X AT 3 AR A S B4, H BT A,
WAL AN AES BRI, A F 0.304~2.603 Z
6], 76 3 48 Hh Uk h il B fe /N TR A B N AR S B A
e AT 3.186~7.966 2 [, 4 H At 5 4 % 3 iR
K. WA T A eT L — A R B it 4 K
VS RN TR < F o SR A s i i 1L
JE IR L iR A S B AR T

(2) 348 % FK K P AR 38 2 8 #0 2 A 7 K o L
R H W AW K, ARE K G L RAR R
AN B b T R R v T A P 2 T P, L i
J6 28 B A 25 B0 B8 T K K i e A . 33X 106 B A R K 9 IR
(R R HE S R F KT AT R 5 B A6 R 7 A4 il A 7 K
FAE TG K 0 A BHLAE T 0 2 AR 7 K [R] B 3 —
o il A A TR K I 8

(3) 34 1Y J7IC GDP JK B I A= 75 /2 il B8R IR 4%
SHIE L H BB 0 T B, R 3 A K BRI
I R8CRE AR B W 4 e R VP A I W) AE A
K, =& Z W IEZR W4/, LA e R R L3S & dh
B — DB A A TTRR R 4N 5 A A T
JC GDP /K 9% 5 A 285 JE 35 7 T i 25 7

(4) 3 44 1 TR F1 H8 B0 R 75 41 50 R 06 7 1 K8 1
SRR, BRI TR RS, TR 3850 ke 2
1 5 AR 25 0 o7 455 1 TR 22 B0 IR Lo A
WL 24 R 7 4 500 A I 7 £ B 7 G 0
i, 3 4 0252 V7 0 55 5O 2 40 T 0 3o 1 T B
PRI L R LR TR, .3
B K W U5 T 55 ) P K T B2 8% L B R L
HE G 2 47 10 0S5 R 0%, T 5 5 kA T I e K
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