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Abstract

To quantitatively evaluate the sustainable development status of water resources in Xi'an, various indica-
tors such as the ecological footprint and ecological carrying capacity of water resources were analyzed and
evaluated, and the LMDI method was applied to analyze the influencing factors of the ecological footprint of
water resources in Xi'an from 2010 to 2020. The results show that: 1) From 2010 to 2020, the ecological
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footprint of water resources showed a trend of increasing first and then decreasing slightly; precipitation
had a great impact on the ecological carrying capacity of water resources, which has an obvious positive
correlation trend. 2) Except for 2011, the ecological profit and loss of water resources are all in deficit; the
ecological pressure index of water resources shows a fluctuating downward trend; the ecological footprint
of water resources per 10,000 yuan of GDP also shows a slow downward trend. 3) The ecological footprint
of production water accounts for the largest proportion of the total ecological footprint of water resources,
and the proportion of ecological water footprint increases annually; the proportion of water ecological
footprint of the primary industry shows a slow decline; the proportion of the secondary and tertiary indus-
tries is fluctuated and increased. 4) Economic factors are the main driving factors for the growth of the
ecological footprint of water resources in Xi’an, and technical factors have inhibited its growth.
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1. 518

B A TR IR T A AR A IR, BRI W X Dy TSR X S G Ty, QNG TE 2 A S 2B, K T
X3 AR IR G FF AR F9 s BERP XSk Pe e e . A SRR S B G R AR, HE— 0 5 ma 3 X f ek
IR RREE R R o /K BRI XA AN IR BE N BB (R A BARBEUR[L], o A B A B T X drk 2 5F . AEAS3E
55 UL S N ZRBEARAR B {8 e R IR R 2 [2] [3] [4] [5]s 1E H wiT Bl PN /T 22 st ang vt At X (3 4 178 22 T17) 7K B8 905 (R AR T
I H 2546 B ) . 20 g 90 4E4X, A= 45 /LiZF(Ecological Footprint) Y, Hings KR4 525 William 1
Wackernagel $#2 . AR, FERET 2 8T X355 AT RE SRR A R R I 256 VRS 72 2w [6] [7]. [RIRH A ALy
AR 7K GEUR (BRI BT JR) I AT RF SRR s PPN SR At TR R (8] [9]. I P9 3 A A O X3 7K B YR AR S JE F
JTHARAN T2 AL S HEEE[L0E R AT T R R IR R A R 2 T K R IR R AR S AR IR IR SR [L1)% Bk
P DO T 7K AE A AR R AT TEIE, A5 DOh i AKIRAE AR B AR T 22 A IRE . 5K SRR [12]48E
T oADK BRI A S R AR, IR TR K R IR AR S R . S E (13 A T T SR VU1 A
IKHIRAZS LI AR T AR EE — E AESE R X TR LAE R K A 35 2 128K 53 AP i AR 25
IR R K TG R B2 R =805, BSL T AR K AR R AL . 78 22 7T A S LRI P el DR 3k T 48
HDX, T HL AR [ Pk X IR T, e I TR R SRR S AN R O AN R A X . Bk, g
P ANPPAL 2 X3 K R AT R R Rk, oA SIS & .

ARSCULBR TG 8 78 2 TN T X, PR THEL T 2010~2020 4R 75 2 T /K BRI AE A5 R AE AR E AT, IR
A ATRAE AT 204, RIS LMDI 387 1 52 o8 22 K IR AR A R IR 3R . SCh it 45 SR v v 2«
T KRR BV EE . AR DL R X 38T e 5 e IR VP A B AL S Al A A, (RIS AR 0T Dy [ 28 2R 3 77 /K B2 1
RPN IR S %

2. MRI57%
2.1. HRRHAR

Beri A THREGIERE ., b FEPH, JbWEN. EIKEWE, fLF 33°39-34°44' N.
107°41'~109°49'E 2 [a], M PU ALK AR B i, 5B AR PE K 24 204 km, FIL 9540 116 km, 1S AR 2 10,108 km?,
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PE22 T H 2017 SEARE TERLHTIX, Wi 2017 4F A DLJS 1 b b 8 T AR AR A 10,752 km?2. BB iRy 21 1 R T P2 XS,
TELET W TR X 0 A, DUZE (L 1), fEBF/K & 522.4~719.5 mm, Hdbirgs, &5 7 0 9 R
PN B REK g H o HEBETE 2020 SE/K RIEAIRE R, FH 1 BKEAL T Beri g irg Mg i 38 N0, K
PR EA T )\, KEFSEENES.

2.2. BiEkKiIE

AHFRIX AN GDP &5 KIE T (Pl gt 4 %5(2010~2020)) F1 (BEPE4E Seit4F4£(2010~2020)) ;
TR YR B SRR B SRR T (BEPE A K IR A H(2020)) A1 (7 22T 7K B Y5 2 41 (2010~2020) ) -

2.3. W5AE

231 IKFFESRIE
KGR YRA S AL S W XN L 2 R R K BRI o3 IR DL o B AR SRAE — € N VRN 22 5 i
ICPZEAETN R NSRS A 2 J S5 i 75 IRK SRR AT RO P b B AR S A P PR AR, PE I K B &
PR IR IR S5 2 AL, 45 3 DXk A AT DIOR B PR A Ay 22 L 1] -
WF =T xa, =T xex(W/a) @H)]

b WR X OK SRS A 28 (hm?)s T NIXIRIAN D8R a, NI A KR IRA S LB OmYN); ¢
XK BRI TR T WA XIS ST AR K PR R (M) a TSR B P 24 72 fE 1 (m¥hm?) . A SOk
PRSI T & BUE 5.19 GEMAEZE[15]); K EIEEERTFH4: 7768 1 a BUH 3140 m¥/hm? (F N Z125[16]).

2.3.2. IKFRERAED
K BEIEAE A AR S R X K BRI IR . FARIR SURAE — 7 SR SRR B, /K B e KA 2 RE %
SCRRYE R A IR JE HARI BRI - AT - dhay - QPR e R R s KIIRR[17], THE AR [18]:
WC=T><aWC:O.4><9><g><(Q/a) (2

s WC X IR I/K BRI S1(hm?);s - a, A DX IR A K BHE AR F1(hmP ) 0 R IX K FE 5 & K T (1%
X 3K TR A r= e ) 5 FOK RIRFI A 2 Re 2 b)), SCHEUE 1.5 (EFRAESETM T 2017 FRA 1
{Working Guidebook to the National Footprint Accounts) [19]); Q AXIKAI/KZIMEMY): ¢ MalAR(D). 2
BWFTER . XK BRI &R 268 30%~400%044 23 51 R AE S PR RRA0[20], DA /K SR AR 3R ) Hh 75 Tl B
60% M T4 AL S B R e [21].

233 KFRESET
IKBHIRAE A A5 S e DX K B IR ) A T PR S, T a0 AN i i DX sk S IR P R SR I 1 L [ 18] LA
HSURAE SR 5K A RSN ZEE, HHEARWT:
D =WC -WF ©))
K DAKRFEMAESHET. D KT 0, RUXBMAKZFEOULKTR, ©FEDRE, KEFETRREFIH;
D %F 0, RYWXE/KEFAT S S FRMOIEFCIRES: D /AT 0, RPXIBAKZFBBARR, LT HR7R
A, KB FFSERIH

2.3.4. Fi7t GDP K FRER BT
Ji76 GDP 7K B AR 2 (e 28 FH SR Wy 5 7 DX I ) /K R (18], AR SO XK SR AE RS /2 785 GDP
fIEE, THEARIT:
R =WF/GDP (4)

DOI: 10.12677/jwrr.2022.111003 32 TK YR 5T


https://doi.org/10.12677/jwrr.2022.111003

VG 22T K B AR A i 5 A R 1 o T

X RAXII7C GDP A& 2. RAGMCA, UK BRI AR s, R IRIR

2.35. KBFESEN
AR SR BUR W N BTSN A S R G FHFEE[22], BT SN XK B85 A4 25 2 75 5 7K % 5 &3 7

Z Wb, EARLR:
EPI =WF/WC (5)

X EPLNXBOKBHRARSE /1. 2 EPy /N T LI, RUIASEESIN A R GUH T P05 BE i Rt DO A 25
REASNRBBE, EERAMETFEIRE. 1 EPI KT 1, RFAREINESRENTHEL T AES
RGLH S 1R s HF HHARAOR, TPl , Xl 8oy T e 1 i A= M58 22 A A1 AR 28 R G0 15t 1) 17 A 23]

2.3.6. MHF@ERIEBCE
VAR SRAE GRS AT, R 3R o AV T o — P L (AT 0 079, 12V R B ik — S se B R 22K 4y
Pr & AR B FERE[24]. LMDI B B Ang S5 [25]42 tH PR 705 Gk 43 s 52 w87 (1 23 s [26], A
FEAE TR IR TR S, & PG AT, I AN [) DR AT A6 R I e S FL R E) 1 4 W [27] -
BT LMD B3 S K B AR A R B A TR B, R

WF, WF, g
WF, = Zi:WFit = IZW_F:g_ItFiX P = izsitttet P (6)
AWF, =WF, —WF; =3 s,t& P, = Siglo€y Py = AWF, + AWF, + AWF, +AWF, )

Hort, s, =WF, WF , t =WF,/, , & =0,/p, » KKK, HEER . RiAIE &% 3 kK
PUHTAMR. b WE, RS 0I5 § K R A S (hm?)s W, S35 ¢ IR U1K B AR 25 25 (hm)s g,
N I BRI P 2 B0 GDP (127): py M3 I R A LIRE(TT N)s WIR WIF, 4 JIL R 36 t 46 AL
K B S SR (hm?).

S T TR LA IR BN A R S 2. AR, R AR B ZE T s, M3 t I3
1 FOK BRI SACR A A RS R R, ARFRK L MR 2 1 N8 t IR ISR GDP /K Mk 25 A7,
RFEALBHARFZE: e A% t AL GDP, REKLBAFEE: p REALEACFEE: AWF, A%
VB A AL R (hma) . B R RO DU 240 B 31 K S A L AT B, BRI LMD ARG i
ST RHAT IR, T

WF, -WF,
AWF, = In 3t Sy e ®)
S T INWF, —InWF,
A, =i 3 WP WP o)
InWF, —InWF,,
WF, —WF,
AWF, = o 10
) ZInWF —InWF, 10
AWF, =In -t WF, ~WF, (11)

e i
SHRGEIA KT 0, MIZRVIZIE ZRBHEN M, 0, 0% % B IR 28]
. BRES
3.1. FR™ 2010~2020 £FEK FRE RS BT BRI
P A MBI, AR R ., R SFIRIE, P8k, A Ve A i s Vi b
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TH X 0% FRE(H 2019 “ER) k% il 2 Fis: ASCHF Ui Bepy, Hoi/ME 2.94 x 10° hm? (2010 4F), #x Kl
o 3.70 x 10° hm? (2018 4F), $Kili@ik 25.87%, 4EITHKIE 2.92%.
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Figure 1. Hill-shading map of Xi’an city
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Figure 2. Changes in the ecological footprint of water resources
in Xi’an from 2010 to 2020

2. IR 2010~2020 FK FRES BT

Table 1. Total precipitation and total water resources in Xi’an from 2010 to 2020
F 1. FIR™ 2010~2020 K R EFIKERRE

Ty BEKEmm RKEEAZ M KEESEAZ M E BKEmm BKEEMC M KRS R m

2010 646.90 65.39 24.10 2016 571.78 57.80 21.56
2011 825.25 83.42 30.74 2017 764.4 77.30 24.45
2012 659.10 65.80 18.86 2018 583.03 59.90 21.90
2013 494.30 49.96 18.87 2019 705.17 75.8 27.62
2014 701.10 70.85 23.36 2020 732.9 78.8 26.78
2015 691.3 69.88 23.08

PRI (PURARBIRAIRY (PR gIHEE) .

DOI: 10.12677/jwrr.2022.111003 34 TRV


https://doi.org/10.12677/jwrr.2022.111003

PG 22 i R B A S R 5 R A AR B 1 i

PO 22T A Y Bt Tls, oK B, SRAUKE TRk S . Wl 3 BoR, ARSCHRART BN, PEZTiK
PERAE SR R BN 3.05 x 10° hm? (2011 4F),  Ht/ME A 1.87 x 10° hm? (2012 4F), HAtEG Bk V- Radk5h
e 1 fiR: 2011 4FE P % T BE /K B R 83.42 x 10° m®, /K %IR8 8N 30.74 x 10° m®,  [AI L _E4E14 0 27.57%A1
27.55%; Z4E KR IEAE AR MR b BAER N 27.62%, J& T F/KAE . BIX 11 4] XK G5 A 25k 3
5 IX S K & AT B AT, Wl 4 fos: PiaE Z I B9AE ¢ R 40k 0.6557, 503 IEA G . HdE iR 8-
VG 22 T 7K BEIR 1 7K 3 7[RI RE 52 X S K B (2R R 3R st 2 s

35 ¢
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Figure 3. Changes of water resources ecological carrying capac-
ity in Xi’an from 2010 to 2020
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Figure 4. The relationship between precipitation and water re-
sources ecological carrying capacity in Xi’an

4. BRMERKESKERESHEBNZERXFR

W4 2 fian: 2010~2020 4E 11 4E[A], P2 R/KEFAESETIREG, KEHEMEIESKRY, RE 2011
FHDERES . EKERRAS ST ERER I K EERENNE LT, XBEESTHNE. 2557
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B M BLAE 2018 4, HAEA-1.53 x 10° hm?, A& ARME—HILEE 2011 4E, £124 0.02 x 10° hm?. Pk
PRRIIHELT, X E RO EL B, BEE AT AWTR R, XK BHIR R R — ], XK SRR AL R
S, TEA XIUK BRI R B, AR AR R A2 DX B PT HRR 485 o 44 2 1 i o i A5 g e P 2 22 )

Table 2. Per capita ecological footprint, ecological carrying capacity, ecological surplus and ecological stress index of various water

resources in Xi’an over the years/(10® hm?/person)
F2 ARTHERKEBRANESRIE, £5EKE N EBBEASESENIER/(10° hmYA)

Fhy AR AL ETRE ATRET OESEN Fh ASEd EIRE ESET AT

2010 2.94 2.39 —0.55 1.23 2016 3.48 2.14 -1.34 1.63
2011 3.03 3.05 0.02 0.99 2017 3.58 2.42 -1.16 1.48
2012 3.10 1.87 -1.23 1.66 2018 3.70 2.17 -1.52 171
2013 3.19 1.87 -1.32 1.71 2019 3.54 2.74 -0.8 1.29
2014 3.29 2.32 —-0.97 1.42 2020 3.38 2.66 -0.72 1.27
2015 3.43 2.29 -1.14 1.50

VORI (PURTATR B AR .

W 5 fiis, PH% T 76 GDP /K B AR AL s KAl U BLTE 2010 4, 9 9.06 x 107° hm?, /M HBLTE
2020 4, 73.37 x 10 °hm?. MEERIEHRE, Ji70 GDP /KRS LBk 18 T s, TR R
KEFARTE 2011 4, 2017 4. FAHJERH, —HHZHEKREFIHER, RANKRIRIGHE, KETERH
RS R: —J7 HMBURNAE &8T5 /K A B EEUS T 3 R

Wi 6 o, PE42T 2010~2018 FFEA AR A fR B R ik sh ETHESY, £ 2019 4 EA W T REES . RIME
HILEE 2011 4, 2904 0.99; S KA HIILAE 2018 4F, 294 1.70. FIAIEIER: FEE I Lt E a3 A
Wik e 5 hnai, XK BEIEAERS RGN T PUBORERR, T /K B AR 2 22 A AK B AR 25 Z 40 AR Tt XU R R g
PEHERER R, (HJ2AE 2019 E2 )5, AEAE R EC A B RIS, X R B BUR A 220 X e A= 25 BA KK
A I ESEE Ay 5 S A U

—_—
(]
1

Ji7G GDP /K SRA A B 2P
/10° hm?
O = N W AR NN 0 \O

Figure 5. Changes of water resources ecological footprint in
Xi’an from 2010 to 2020
[ 5. AR 2010~2020 /3 7T GDP /K FiRES BEE K
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Figure 6. Changes in the ecological stress index of Xi’an from
2010 to 2020
6. PR 2010~2020 FESE HIEHT K

3.2. &R 2010~2020 4EiE) &4 = A ES BT o1

W XK IR AEAS T, FHRA = ARVERIAEASSE 3 AP P AT o0, R &K N K BRRAE A 2
TEBET [ RS . il 7 Fos, SO s AR S EECR, 205 K 60%~75%. JLUCHAETEIK T, 2
5 20%~25%, HJaeE S, 29K 3%~15%., {HEEE fl Rrs R R B S AR s 5k, B SCi
BIIAWHERE, PO B W EERE b, B, A=k P LA BT R R, ARTEIK P AR,

3.3. AR 2010~2020 fE[E = K=K FiRE S BT
B XA K R IRAE S R R AP K AES BT, mB= APt — i X 2y, 30 & A A 7= H K

et miEE ats

Figure 7. Changes in the ecological footprint of water resources
per capita in each production account in Xi’an from 2010 to 2020
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Figure 8. Changes in the ecological footprint of water resources
per capita in the three major industries in Xi’an from 2010 to

2020
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Figure 9. Decomposition of driving factors of ecological footprint
of water resources in Xi’an from 2010 to 2020

9. FA&R™ 2010~2020 K FiRE A BITEEE DR
AEZS R IR R AR . W 8 Fw: PEZ T — e NS /K BRI A R R A b B I B 1) 94(2019~2020
ERRRIEE R, HREMNERL TR, 222 BT BERE RIS (2020 HE57 8l it 28 1 52 58 — r= k.
IKBIEAE S JC I KIE RBR): B == ari~FAa, 2016 “EMSH R, BE/GZET ETF, 2019~2020 FEH4i0E Ok,
AR S A 5 5 A o
3.4. FA&RTH 2010~2020 FEAK FFESEITEHENE R
AT B DT T K IR AR S R AR IR B R 2, AR SC LA 2010 RS, SR LMDI BT §inAn

DOI: 10.12677/jwrr.2022.111003 38 KBTI


https://doi.org/10.12677/jwrr.2022.111003

PG 22 i R B A S R 5 R A AR B 1 i

T FHHAT IR Z 408, T 2010~2020 45 76 22 7K AL A R I A RIS, TR0 M7 3L 38 4 F

]9 TR, AKRIZGIREE . A DR B A R St 7 K VA A PR B I A, KR
R ARBI SO o Zoir R 22 76 22 T K B AR A R K I 2, SN DRz . iR R,
TR, HIE 2019 G HFT FME: A THOARFZRGL, BerhR Frss, ks 2t bk i
S R, M T 78 T TE K S B AR A 7K W Y5 5 (R ACR F THT B AR BEN o B U S R
T B E 00 GDP (RIKRE, AT LATE—ERLRE I /K AR A5 SR . B IR 36 ERARAR AR FEE 1 b1 7 2 i 7K
VRURAEAS R, B AR I AR 2 R 3 5 N DR 81 AR R e, T S 308 2 i K %
VR A LR R IR
4. g

BT, 76 22T A — AN SR K RSS2 1 O BT, S 7 AR X K BB B, XK AR S AR i
o ROZHOF K AR SR, SRECI ST AT (R i, ST K FAR[29] [30]: Hvk: MOZMNFRIRES (R4 5
VATE, ST R . S ARG K F IR TR KT R R S e T, KR,
REKIIAE, BHIHbI AT, I AR . RIS KRR K R B, A ALK e, SRRk
VRIRRK IR 7R, 41[31] [32]s TR FHASHT SO0 76 22 T /K R B AR 25 SO TE A 7 L A=l 2 AR Al 35
(R EE AT, A3 TT UG Hh 7o B /K 8 SR OB . 45 I 76 22 Tt L% E 70408 FE Ak 2 2 T IR S 00 0 3
il L, AT SRR A s B B URE % Pk I 4 AN, SR BURI P AR [14] [33], ATt
76 22 T R AL £ 1 T R R

MK B 25 S IR [ 2 AW TR, e RN 2R S BUK BB AE A R K i LB, BRI
R MR K VR 2 SR D TR B, 72 7 RN AT o 2 7= L TR MRHE . [ISCRF SRR A T 4RN o 1L,
TR A% T AT T 3305 A2 8 2 T A P K 5 SR, R T3 24 5% S R 24 M 3 K B SR I MK (1 4
ME[31]. AT MO, 22 2 o A v 1 2 i X Jsl /K 7 Y 0 i

5. &hig

1) 2010~2020 494 % i K AR S /28 B 4E R FR(H 2019 FE)#ad s SUKBIEAERS 2k A4 7 H
IKAEZS RI0E S K, AR HIKAERS R IR S HIZ 4 Fo . =R YK BRI S Eilirh, — = RIS
18 TR, 2019~2020 4 NFEMRER K, /=2 LA RERERA (2020 48525 e it 48 B 17 500 K0 T BE) s
=PEHHAR, BB EFE, 2019~2020 FEIGHREK, BAARGES S MR . 570 GDP K BHIEAEAS 1
syt AN T SR

2) PO MK BRI 2 XK mEBCOR, —#F B EMIEMHICOCR: B 2011 446, FRlinK
PRASE T KL FEMETASHFTIRES, W HARTLE 2019 Fairf LIS, 18 2019 )5 R FIEnEE—
SE IR . TEREFURT B A 8 2 i K IR AR S R 1 HR B AN B 4h, K2 HFE B AR, (AREH TR
A, KBRS A BTl .

3) BT 2 T K SR AR S R I B R IR BN R TN A BRI 3R o FAR RIS K SR AR 25 AL 728 B8 ik E 1)
YER, @42 s GDP /KR, AT LD K SR A 25 /2 328

BRI BRI FHRHHEEGFIIRE, FKFERBM, KEHEAESEEZRET K (HKEIRMHLS X E R
MR sE, (757 JE R, KA TAESARIRE, AR TR BB BN X n] #5482 % e B B HI 2 F %

E&mHE
[ o B AR A e 2 IROLINNE 2 5 Pl K o B A A Y (1 K [RI AL AT 70(41301451) s mh SR s e S AR
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