Journal of Water Resources Research 7KIZJEWF T, 2022, 11(5), 458-467 Hans X
Published Online October 2022 in Hans. http://www.hanspub.org/journal/jwrr
https://doi.org/10.12677/jwrr.2022.115050

/)| Bk FRESBESKFRESESIEBRY

ARG

EHRA, LK
A B AR KR AR AR, DU PEE
Zef A AR PG L FH A A R BDR T R TR, HTER S EARSE

Weks H . 202249150 FHER: 20224F10H21H; KA HB: 20224F10H28H

H E

FIAAKBEAD EAERH )14 2016~20204E2 14T (M) KB IRAS B AREIFEAR 1. KBEEL
SBRTHREYE, SHATMEMEREE, BT ABKBRFEESBTRENERRERRE. ERRH: 1)
2016~20204E00 )| AR BFRES BT B hE TREaE, ABKERESETE2NAHPHSEEHXE,
NS R XA D AIFE. KBELESRKBRAENZROHAAYE, TR LK KRERSE R, W
R X BAK. 2) 2016~20204E % (M) J JCGDPAER il 2 BB IRAES, BKBRIER MR FER
i 3) 2016~201955 4331 X AL TH X /K BRI F AR, 20205001148 211 (NI AKBRESER,
EFS X AESBERBK. ABKBREREEASESHEEGFEEZENZRERIE, =RFTRHMELLE - BT
- RREE.

KT
I, KB, EFRD, EHET, TEEMX

Analysis of Spatial-Temporal Characteristics
of Water Resources Ecological Footprint and
Water Resources Ecological Deficit/Surplus
Index in Sichuan Province

Yiming Sul, Longjie Ma2

1Department of Civil and Hydraulic Engineering, Xichang University, Xichang Sichuan
*petroleum Exploration & Production Research Institute, Northwest Oilfield Branch Company, SINOPEC, Urumgi Xinjiang

fE# I SER, B, mid:, FEO%: DUNEsEdi, HAEF 1992410 H, T, MBKCEKEEIEHA T/E. Email: scybsym@163.com

SCEG|I M SR, SeAs. WU KBRS L S K SR A A A T PRI A AT ). K BRI T, 2022, 11(5): 458-467.
DOI: 10.12677/jwrr.2022.115050


http://www.hanspub.org/journal/jwrr
https://doi.org/10.12677/jwrr.2022.115050
https://doi.org/10.12677/jwrr.2022.115050
http://www.hanspub.org

VU 1148 7K B AR 3 R e 5 7K B AR A 48 T TR B N 23 20 Hr

Received: Sep. 15" 2022; accepted: Oct. 21%, 2022; published: Oct. 28", 2022

Abstract

The water resources ecological footprint model is used to calculate the water resources ecological foot-
print, water resources environmental carrying capacity and water resources ecological deficit/surplus
index of 21 cities in Sichuan Province from 2016 to 2020. The spatial autocorrelation model is used to
reveal the spatial aggregation characteristics of the water resources ecological deficit/surplus index per
capita. The results show that: 1) From 2016 to 2020, water resources ecological footprint per capita in
Sichuan Province generally shows a downward trend, and the water resources ecological footprint per
capita is high in the central part of the basin and Panxi region and low in the western and eastern Si-
chuan. The spatial distribution of water resources ecological carrying capacity is uneven. The water re-
sources carrying capacity in the western plateau and mountainous areas is high, while that in the eastern
basin is low. 2) From 2016 to 2020, the water resources ecological footprint per 104 yuan GDP of each
city is decreasing year by year, which indicates that the utilization efficiency of water resources is im-
proving year by year. 3) From 2016 to 2019, some regions faced the problem of water resources ecologi-
cal deficit. By 2020, 21 cities in Sichuan Province were water resources ecological surplus, but the eco-
logical surplus in some regions is low. The water resources ecological deficit/surplus index per capita
has significant spatial agglomeration characteristics, and the spatial local characteristics are high-high
type and low-low type.
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1. 518

VUNE T 2, BRUKIY, KEFESEFEE, BRSO MAE. R P HAAKIT 5& R B, &
AL AR AR EAT, I K BRI E . 2071 29 F /K ZEIR ALK SRR I AR 3+
Oy, AR B inEE K24 Willam Rees T 1992 i B4R, 5 B 2245 Wackernagel AN 5¢ 3,
AR RS R T TR Sy A e X Al B R T R AR R SR AL T RAF I A [L] [2] [3]. BEARAR[4] 55 5 AR RS R I R g —
e, PR TOKBIRAS BRI, I e K RIRAS BRI ERENS . TRk, R EERIHKE
PRAEZS R AR L X AN ] X SRS RIS /K R AR 25 SR T8 K B YR AR 25 AR 8k 7 DA B K BEIR I T RE SR R AT T
W5 7 4T[5] [6] [7] [8] [9]. A 3 X /K R IRAEZS i RIS R 2R TR R, R LMDI AR A% 7K 5% IR
AEZS SR IR A B R R B HEAT W T [10] [11] [12]0 G 58 X /K B AR 2 R AT T 34, iR A ARIMA B
TR K B A AP T AR AR 34 [13]. R BP A2 W 28 T 7 % Y5 A 25 2 5 7K B 7R 3 1 [141 DA K fik
TR IR 28 AT AT 3 A5 AU I T 7K 5 0526 25 A2 70 ) R R a4 [15] » B 2 3 1 F 25 18] R 5K 2 ATk 9 X
WK IR A7 e 77 23 (A1 [16] o 4% SCRI FH /K B8 AR 2 2 A5 AL 65 DU 1148 21 AN 17 (M) 2016~2020 47K B YR A= 45 JE 728
IKBIR A AR UL BOK R IRAE SR T IR EGT TR, IEH A R B SEER, $HR T ASIKRIFEESE 5K
e R RAFAE, ADU)NAE K BEIR P RR R A ARSI R AR i B R SR IR S 5%
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2. MRFESHITEFRIE
21 MRAE

1) KBRS LI FeT AR LR TR KK GRS L, KRS RN 1 e Xt 2
T PIHRR 32 R JR P T R ) 7K B P A P N K P /K B T T AR, AR I KCRAAE 5 R, R 7K 0 27 FE K
A g KRS B K 3 MK A [4] [7]. THEREAR T .
EF, = N xef, =N xy, xW/P, 1)

A EF, WKBREAS EEOMY): N ANDEGE: of, AABKEBEAESLZEOMYN): y, NK AR
B, ASCRAM S B R EE G2 2002 SERZ AR, KRR ARk B 7 5.19 [4]; P, Jy/K BT Bk-F 4
PeBE77, BUEY 3140 mYhm? [7]: W A AR /K BRI R (m®).
2) IKBRIRAEEAR 1. NE— IR [N, KB IRAE WS i K SCRriz Xt 2 Br A S R G T H7 4k
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AT RIBRTR 7, AL 0.6 [4]: o AXBOKBHIE =& H T, A XI5 ABEF 72K & 5K 54
BOPIEFE R 2 sy, WK BHRAERIOM N T P, KR IREERPIER R 1 Q N IX K B & (m®).
3) JiJG GDP /KERAAS R, XK BRI AR 25 e 85 12 X gl A 7= SV E R LU AR, P SRy i X ek 7K B Y

FRCR . AR, XK BRI H 2SSz, XK B 5 R H bk e o
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X GDP A XA ™ B (5 7T)
4) NBPKEHIEAESE TIRE MKBIET RS R, KA AN KEHIE A S A1 5 NBKBHE A

AR ZAE
ed —ef

w = €c, —€f,, (4)

X ed, WARPKBHEASE TR, Hed, <0, R ABKRIESHRT, KEEATFRFEAARE: =
ed, >0, TR ABPKBEIRAES AR, KEEA T AT RFERIAPIRES: Hed, =0, Fom/KBIH AL TR

N EE— SR FEDY 1A TH (PN) NI 7K B A A 4 5 F8 A A 10 22 ) 22 SR » 25 ) [ RH DR Ml BLANEE A |
JEBUAR SRR AR AE X 3 18] (1 22 () R SRk, 3 DA JR 5 22 00500 | DO bl e A X IR A A 5 AR 408 DX 38y
EAEL 1] FOAH ELORIRAE L o 4R B 22 FR 0 | TH LA R

w

n n
SZZZ% (5)
i=1 -1
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Nz Nz

A n BT DR I B e B ) R ORI K R IRAE S B T IR BN x5 x IR, o
A B EAEE R TCRE: S AR T 2. | FBMETERDN[-1,1], A EAIE, NIRRT XK S A
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Figure 1. Water consumption and water resources ecological footprint per capita in Sichuan Province from
2016 to 2020
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Figure 2. Water resources ecological footprint per capita from 2016 to 2020
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Figure 3. Water resources ecological carrying capacity per capita from 2016 to 2020
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Figure 4. Water resources ecological footprint per 10* yuan GDP from 2016 to 2020
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Table 1. Water resources ecological deficit/surplus index per capita (hm%/cap)
# 1 AHIKEBESRETIEH (hm?/cap)

HRAT X 2020 2019 2018 2017 2016 ¥ He4g
HBGREEIEM 78.34 52.19 64.60 54.09 46.32 59.11 1
RIS 15 B VA M 95.10 66.60 60.62 46.00 25.53 58.77 2
il 31.84 28.33 40.07 20.98 20.28 28.30 3
SITE -y 3= PPl 12.00 6.46 12.21 8.39 13.87 10.59 4
wILTH 10.30 8.95 11.95 4.95 6.97 8.63 5
t252iA] 4.77 0.94 5.50 5.18 5.19 4.32 6
B 3.55 438 7.82 1.62 2.03 3.88 7
I 6.89 457 4.16 2.66 0.91 3.84 8
BT 1.78 8.85 2.21 3.13 0.70 3.33 9
ST 7.97 2.10 4.23 1.03 0.73 3.21 10
HEN 3.49 1.81 2.42 1.43 3.50 2.53 11
JEMTH 2.13 2.32 0.83 3.93 0.95 2.03 12
M 3.38 2.03 1.28 0.89 2.10 1.94 13
BT 1.88 0.27 2.93 —0.48 —0.36 0.85 14
IS 0.99 0.66 0.12 1.12 0.08 0.59 15
BT 0.96 0.53 0.71 -0.34 -0.21 0.33 16
FRAR T 0.62 0.28 0.74 -0.23 -0.21 0.24 17
BR 0.28 0.98 0.04 0.04 —0.24 0.22 18
=Ehi] 0.54 0.12 -0.07 -0.37 -0.14 0.02 19
WYL 0.39 0.26 -0.15 -0.36 -0.28 -0.03 20
BT 0.24 -0.15 -0.26 -0.32 -0.39 -0.18 21

AYGEIIN P 1148 2016~2020 E NI 7K BHRA RS B 7 R B AT 42 )5 F R R S22 4R K | BEATIHER, e 2 P
e BRFEZEFH KT 0, B IESSHE Z E. P AR RME, UHIPY)I14 2016~2020 42 NFE/K BHE
AR T REUEAE B2 R AR, RO K BRI 3 5 48 B A0 e s AR i (M) i e SR B IR s

Table 2. Global Moran’s indexes of water resources ecological deficit/surplus index per capita from 2016 to 2020
2 2.2016~2020 F AR BRESESTHEBE/EZEY

Ay Moran’s 8% Z1E P&
2016 0.45 4.43 0.003
2017 0.37 3.55 0.011
2018 0.43 3.92 0.004
2019 0.33 3.26 0.014
2020 0.34 3.36 0.012
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Figure 5. LISA cluster diagram of water resources ecological deficit/surplus index per capita from 2016 to 2020
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