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Abstract

With the acceleration of modernization, the population and scale of cities are constantly expanding,
and the demand for water resources is increasing. The shortage of water resources is no longer a
problem faced by a few water scarce areas, but is gradually becoming a common problem in the
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process of urban development throughout the country. The water footprint theory makes water re-
sources gradually become socialized, and gradually expands to the social and economic field from
the perspective of only studying resources in the past, providing new ideas for the study of the sus-
tainable development of water resources. Starting from the current situation of water resources in
Jilin Province, this study analyzed the water footprint of Jilin Province and its change characteristics
by using the water footprint theory, and made a comprehensive evaluation of the sustainable de-
velopment of water resources in Jilin Province. The results show that the annual content of the total
water footprint of Jilin Province in 2016~2020 shows a general downward trend, but the water foot-
print of agricultural products still accounts for a large proportion and consumes more water re-
sources. In addition, the self-sufficiency rate of water resources in Jilin Province has always re-
mained above 98%, indicating a certain degree of sustainability of water resources. However, Jilin
Province still faces significant pressure on water resources, especially in terms of industrial water
use in Jilin Province, which shows a sustained growth trend overall. Protecting water resources and
improving the utilization efficiency of water resources is still an important direction that must be
improved in the development of Jilin Province today.
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1. 51§

IR N LA AR R R R A AR BE R 2 —, (EPERB A 20 0% I PR R Ji DA BN VB0 R AN B
NATTRT T 7K GRS GeAUANG BRI A, B 1 A0 A2 T P 32 22 ) 2 — o B AR B IR AR R
RIX KGRI B 5K TR 7 AR g4, FEEEH T YIS AT I SEEE . 2002 4Ffaf 22
2234 Arjen Y. Hoekstra 2T EUKEISHE H T /K S IS [1]. AR ZEEEE A= FITH 9% 10 /8 B H R
A HESHAZE TR RXKBIER S, S0 T A RS RN N B SRR R, AT
B NTTGR K BV AE S A2 72 AN NI 977 it I SR BRI B % AN R 48, OO S o b 4 PR K B R B8
TR, fRRE T XK BRI T RELL K R [2]

MEBR ESR, 7K 7T R KRV BN [3]. Eoln, Hoekstra £ Hung [4]95 67 52 £ %
MAERRERZSL T 1995~1999 4E FLAEMIK LI, X AL A R FERRRF 78, 78— S8 7 TH B A,
H 15563 . Chapagain 251 FH A5 4 i 2% 18] 43 3 2 0 MR A5 JE B0 A0 24 M sz i 0 1) B0 SE s, /K R 1
gt WOMKOKRITRHAT 1 2BREEA PP, i i 58 A ISR € 7K A2 720 AT (7K 2 28 1) B 3] B I
(B AN 2 [ AN R T AR AR K [5]. E. Murphy {88 FH P40 AR S 8088 K VAl %2 7R = 95 4R 5 1K A2 72E[6] . 1. Zotou
flith 7 A5 i Mesogeia H#1[X (1) 42 FOEDII AL TS,  DLBASZELIX 3y FE P9 /K U 0 s A0 B[ 7] B IR
AR AL A5 B8 TAZ S B T BAZLE VPN 5 TH A IR AR R 135 /2 Hoekstra [8].

BEE R E ST PE R, S T REZRIR . RIRPFERT 25 Xt 2k, wIFREK
JETE SR A5 R S OCHR AR I 8 B DX 3R] R DX e P 48 X T e o] A0 R 22 e AT 9 970 R RR B 7K 22
AR R ZR AL 5 A A B FH K I IX [9] 0 28 R SR R I VT 5 PR VAT Yt duk 3 2R 3 ORI FURT 5, AP
B 7 2 PR SROK B YRS BRAEAE ) I 2 ] Ry SR IR M [10] o S IR /K R H e 5 AR SAMEA S &, 4
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SETE I 7R 28 I FEE AR PR PR 235 SRAT Dyt R 2B 2 A ML A AN ) B AR, ORI R T AR S AMEL
il D3 N PE AN AT B AR P [11] 6

BEAh, KR IEPPO A B 25 H AR AL T SR KR I8 DL A DX R 7K R 32 2 1 7K B AR B
AT FRFEERM RS2, DI, DUK AP EEAE, 2 2k R e K B T S A I s 7 58, Rt AT
IKGEIREIR B T L IR a5 [12]

2. AR Xt

EHEMREO TP EEILHX 38, BB 121°38'E~131°19'E #1 40°52'N~46°18'N, T Hifi#14 18.74 x 104
km?, HMRE N AKX P . AP ESARIBOLE 1).

A (K, 1) HePEl—hk

A 4l
@ smiimcho
© mmfHcho
—  anMEEh
©  BHfFEHL
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—FE ymp
TR
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ik GS(2019)3333% FARBE I W)
e R T H AR BHR AR AR S B RS G N B E S 0 GS (2019) 3333 T bR E 1, IRIEITE

Figure 1. Schematic map of the study area
1 fRXrEE

HRE KR EBEGRERAIS, DRI G250, J0W ., BT AR .. KK
R KR R BRI, KRR TE 6~9 H, ERE/KERZ . & WA 411 /K&y 400~600
=K, Hh Z P RKTIRE N 344.17 /2 m3, ZAEFIgHL T /KB IEE N 123.60 12 m3, Hik S5ih
TAKES I EKEIRE 68.94 10 m3, &8 24P ANBKEIEE 1498.3 mé, 4T 4 B AB/KBHIR
#2220 m* ) 67.5%, IRBCEE RN, HHRAE TR ESKIX, BT AN AR ERKE
#3[13].

DOI: 10.12677/gser.2025.144065 675 IR A


https://doi.org/10.12677/gser.2025.144065

AR

3. M EA*®
3.1 A E

TSR EER AR 7% B BN SEI, DO IG5 i U ST RE
IKEYHEE T LR EI7E[14]. DR AT, Bk LA R (L):

WF = IWF + OWF 1)
A, WF 2K EZEm3a); IWF 2N ERKEEmYa), BAARTEILAR(2):
IWF = DWU + AWU + EWU + IWU —VEWI @)

EIXADART, DWU FRAETFK L (m¥a); AWU FR Ak Lk (m¥a); EWU FE 27K 2 ik
(m¥a); WU For Tk 2 (méfa). VEWL A H E 7K 2 728 &~ (m3fa) [15]. OWF SA4MEH/K AL ZE(m/a),
A5 WA X(3):

OWF =VWI —-VWE2am (3)
o, VW g A i A ] 5 Bl X3 1 7K A2 128 B (m3fa) s VWE2 i) At [ 5 sltth X it (1 34F 11 7=
i P K R TR

3.11. AEKETHTE

(1) RAEPIKE T

TN R S P EVIFE K S I SCBEAR AR, W] R IR G DR ZH 2R U 2 8 2 RS B I A5 AR 1)
TEVII 75K & [16].

(2) ZhWr= Sk 2 i

BNV b 7K R HR T B A FREERE R AR KA R K S 8. ELEREE T4 =K S0
355 TAREHI T BRI 2 10 06 T2 8 S it R AR 7 B v B [17], TS S = oK 2

(3) HAth#FH/KE

AR 5 MR 7K BEUR A 1R P AFE K D01 H AR S

(4) 7K

JREFBLK It RS ] 3@ i e T B DT o b KR R TR B &1k .

3.1.2. ShERk R E
AN 7K B FEBE 1 7K R 728 VW 22 A ik 1 /K22 VWE2..

3.1.3. KBTI IERR AR

Table 1. Water footprint evaluation index system of Jilin Province

1 EMREKEETFNIERE R

Hirjz HENJ= Kk
K GEIRHE AL HNERIK ALK AL x 100%
IK AL K AR R
KB H 4R R WHBK R IEK A % 100%
LS YNRE ;3 (% YNEPSE- 7Y/ S0
o - KR LE R a B [X 54 GDP/7K /2 128
KA a F AR ‘ .
IK AR T - 1 % K AR T/ X Ak T AR
VTS UNE e S KRR - kK 2
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KR A 524 46 KR 2 1 (X K28/ SE B K B % 100%
KT R M R KRR A8 (4R — KA x 100%

K RIETHEH K RPN T35, 5L T AR ARV FRFR[18] (W4 1), KR IFflA R
VUKL OYERE . SR TETEAR . REiTETEbR . K BHRA S R DU AT Rp e bn . Horpr, S5t TEds
A 25 B R K BEEE R A 8 45 3R SR X IOK IR A AR . K R T R 4R b B K B E 1 4K
WREAUK IR B 455 o AR a3 1 WAL N DV L IR AR 2R G R R 7K A 3
FERIK R4 57 5y B [19] o K BRIRAE RS 2 APPSR Fabn—— K IRV = B2, T AL X 0K B %
BOIRDL; T 7K AL 728 RT RFEEAEDP Al R FH K A AR AU A% O BE AR o

3.2. BURFKIR

AW T T SRR A5 DAL A PR AR 7 A R 75 AR A8 1 D SRR T X, 6 H K BRI AR
BEAT RS AW TN RERU5 1, HEAHRBLUTERE: H5, AL A TS R e Ey s
GARDIIAR AL s Hk, BRI RIR BRI AR FR 28 i TAL AR S 0L Besdth, et 2
Jo AT K BL R AR AR B AN R S G F AR o IX— BT SURESR IR SL, BRAESE 1 B AR SCHIT TR, X
ROTEEE T HWEVE R EZR I SRR B K SCHDR 2k B H R4 2016~2020 7K BEIR A i LA
L HABTERHE T

4. ZBREDH
4.1, IKEITTEER

4.1.1. RE=FKRTTHEER

A 2 RRATAT LA, BT ELR ARG ) E R R B KB MR IO ROK . RS BRE.
. B, FMOKE . TR ERKA, 2016~2020 EHrE & 3071.14 Jing, KR ERD, 2016~2020 4
Yype g 22.30 Fii,

Table 2. Main crop production in Jilin Province (2016~2020) (Unit: 10 t)
= 2. HNE 2016~2020 FEXEREYS~F(BAL: FHE)

o R EEP/S EE S £ 2 i [l kK
(Jim) (J3m) (i) (i) (J3m) (JimE)
2016 670.45 3286.28 55.00 4155 348.01 17.26
2017 684.43 3250.78 67.08 42.95 356.64 17.19
2018 646.32 2799.88 62.75 36.18 438.15 24.32
2019 657.17 3045.30 77.04 31.44 445,39 26.25
2020 665.43 2973.44 72.82 31.80 464.87 26.46
FE1E 664.76 3071.14 66.94 36.78 410.61 22.30

MR TR ERE, 2 X A= S RUK S B 3 frn, @idit—5i5, RATE A5 H FH ik
44 2016~2020 FA4R 77 K 2 HEBRAE A AE I
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Table 3. Unit virtual water content of agricultural products

? 3 BARFRELNKEE

&K Gz 7K P S N B i
FANL K i R FAK B 2 (mBt) 1321 803 801 228 276 220

FEZE 4 2R ATAT AR AN 2016~2020 4 35 Mk FOKAEAE P ANl R 2 ok 2 R i K, P8 F)
T 246 {2 m3, BRI IR P RS RN, PHIEE T 1.02 12 mé. HAh, FHARE TR
KR SR BRI S 87.81 44 mP. 17944 m®. 15342 m®. 9.04 {4 m®. A RIA]
IRl 50 AR L A A AR A S, BT DU i (R K AR S A AR M 7K AL 328 1) = B 7

Table 4. The interannual changes in agricultural product water footprint in Jilin Province from 2016 to 2020 (Unit: 108 m3)

T 4. BHE 2016~2020 F R =K BIEBEFRELER(RLL: 12 md)

P RS KR BV N IFE S E &S i d A
(fz m3) (1Z md3) (fz. m?3) (fz m3) (fz m3) (fz. m3) (fz m3)
2016 88.57 1.39 263.23 1.25 1.15 7.66 363.25
2017 90.41 1.38 260.39 1.53 1.19 7.85 362.75
2018 85.38 1.95 224.27 143 1.00 9.64 323.67
2019 86.81 211 243.92 1.76 0.87 9.80 345.27
2020 87.90 212 238.17 1.66 0.88 10.23 340.96
“FH{E 87.81 1.79 246.00 1.53 1.02 9.04 347.18

4.1.2. S GRK BT EER

BATE 5 MR 2016~2020 4F = EhW= Sk R EPRAALIE I, AT DAS A R s s
(KA L CA B KR TR ARG O, AT ATV B U ) 35 AR A8 7K R e R AR A AT 1 — 2D A

FE 5 AT LAE BTk B £ Z W= e F A e B MR B MR O B & N A
44, SESERA, PN 122.81 N, B ERD>, PN 37.6 i, ARAE L 6 AT LSRR
WL FRL BE. FREROKE &, s e s, AT DS H ARG 2016~2020 3007
IK R BRAR A L o

Table 5. Production of major animal products in Jilin Province (2016~2020) (Unit: 10*t)
2 5. HHAE 2016~2020 FEXEP = RmAmE(RA: )

i A FA Y "
(JImE) (J31E) (JImg) (Jint)
2016 126.59 37.21 36.04 132.46
2017 136.14 38.03 33.98 120.98
2018 126.99 40.66 38.83 117.11
2019 108.28 41.86 39.90 12153
2020 105.03 38.70 39.26 121.95
FHE 120.61 39.29 37.60 122.81
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Table 6. Unit virtual water content of livestock products

*6. B RENKSE

2 TR A BE 447
ALK LK B (M) 5455 13,290 1072 2428

AL, fER 7 AP RATIT DA E AR 2016~2020 SESHYIRE KR O TS RN R, P
WME N 65.79 12 m3, AWK Ll i/, FIME N 9.13 12 m3. Ak, 2 PURE & 1) /K 2 7287 548 23 51
A 52.22 /2. m3. 13.16 12 m3.

Table 7. Interannual variation of livestock water footprint in Jilin Province (2016~2020) (Unit: 108 m?)
F 7. HME 2016~2020 FR K BEFFREWITR(BAL: 2 md)

i A BRG] 440 BE st
(12 md) (A2 m3) (12 md) (12 md) (12 m3)
2016 69.05 49.45 8.75 14.20 141.45
2017 74.26 50.54 8.25 12.97 146.02
2018 69.27 54.04 9.43 12.55 145.29
2019 59.07 55.63 9.69 13.03 137.42
2020 57.29 51.43 9.53 13.07 131.32
EIE 65.79 52.22 9.13 13.16 140.30

4.13. T, 58, ESKBTHEER

A TET T E Y 2016~2020 4E Tl G AAAEE AR EG, AT A5 0 S ARl
IK IR FERE L, I HA TR K SR AT RESE R R .

TE42 8 HBATAT LA H 75 MR 2016~2020 4F Tl /K 2 284 B AR A1 Bl i S0 7 AN T3 K (s 4
M 2016 41 5.55 12 m3 %] 2020 4£K 10.01 12 m3, 2016~2020 4E-FHME N 12.89 12 m3, Hi B Tl /K 1)
KA BT

Table 8. Interannual variation of industrial water footprint in Jilin Province (2016~2020) (Unit: 108 m3)

8. HME 2016~2020 F Tk BTFFREWITR(BAL: 12 md)

2016 2017 2018 2019 2020 P
5.55 18.11 16.72 14.08 10.01 12.89

TEZ 9 FHIRATA] LA H 5 MR 2016~2020 4 A8 3 7K 2 38 4F FR AR A e AR [R) 1 A2 2 300 HE AN BB 3 K R 1 10
2016 4FH 5.61 12 m3, 2020 44 9.89 12, m3, 2016~2020 4L TE K THEFRAS AL E3E N 9.34 /2 m3, Fj
KT FH A 2016~2020 £ TV /K B EFRARAL,

Table 9. Interannual variation of domestic water footprint in Jilin Province (2016~2020) (Unit: 108 m3)

9. HHE 2016~2020 FAEKEEFRRENRIFR(EAL: 12 m?)

2016 2017 2018 2019 2020 A
5.61 10.51 10.63 10.04 9.89 9.34
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BT 10 FATTLUE B HMA 2016~2020 FAE /K R I EFRB AL AR PSS, 2016 £
N 5.68 /2. m3, ESRTE 2017 Al 2018 4EA4 AT 4%, B3] 2020 4£_FTF3) 11.42 42, m3, ~“F¥MEN 6.55 12, m3.

Table 10. Interannual variation of ecological water footprint in Jilin Province (2016~2020) (Unit: 108 md)
F 10. HE 2016~2020 FEAK BIBERTUIFR(ERNM: 12 md)

2016 2017 2018 2019 2020 “FIME
5.68 4.69 4.30 6.64 11.42 6.55

MR T Tl K SR AR i s, AR SR AR M A . B S IR B, (A 8
L BT, EREET EEREAE BT SR EEAL, B TR KESL, Ll TILE S K
B R FE 2R K B IRTERER R
4.2. KBS

& 11 iz, 2016~2020 4F 3 AR Bk R IR & Ea ik E 230 T RE%, M 2016 4F1) 527.86
{2 m® - F+% 2017 4F 553.16 12 m3, 2018~2020 FE 2 I H LT+ - FREA#aH . Al K L R 1E 7K 2 128 i
A TR, AR T 5 ELER N, R R KR A T S R F NN KR . XA
ABE, HAFRERA. NOIGKEE., VAR D KBRS SR E LA RIEEH. BAmNS,
BEE 5 RE ZUF PO, TR A AR, T KT SR, (5 R AOL AL FE
B T TOKERMIBI A, SH0H T TR szm . N DG B 3 S 8045 K R Bt
AR, Rl R AR s, A BT BRACRAL HIARZE . 7K R A8 T3 o L el
KEVMEI ALK R TAAE I AR AKEE . AR HOERUKE. £k 2SS Tk
KT Z )R RE AR ML . — 5, A KRR T v RERUH 3 /0 K B T Tl R s )
— 5T, Tk 5K mT R B 2 KT I B AR B AR R T, A mT 8 RV e HE O il
IKIRE . A, ATE AR RGNS TN G KN 2 AP AR TR K BRI R SR K ), T AR A8 /K A2 128
AR AR T A= SRS 5 7K B U5 R F 2 (RSP 6 R o

Table 11. Interannual variation of total water footprint in Jilin Province (2016~2020) (Unit: 108 m%)
2 11. EFHkE 2016~2020 £ Rk BIBEFRSE(ERAL: 12 md)

o ARl Tolk A AR RAUKEEOR  ERUKHO®  BKEE

(fz. m3) ({2 m3) (fz. m3) (fz m3) (fz m3) (fz m3) (fz m3)
2016 504.70 5.55 5.61 5.68 6.32 1.86 527.86
2017 508.77 18.11 10.51 4.69 11.08 3.47 553.16
2018 468.96 16.72 10.63 4.30 11.01 3.46 511.62
2019 482.69 14.08 10.04 6.64 9.63 3.19 523.08
2020 472.28 10.01 9.89 11.42 9.52 2.80 513.12
P 487.48 12.89 9.34 6.55 9.51 2.96 525.77

U3 12 o, 2016~2020 4R 7K BEE O H LB s (ARG ORBF-T AR, P87k BRREE Ry
0.56% . X —fIR7K T AYHE A 2 WY 75 bR A /K B0 2 AR N Ak, P MBI DS, e 17 LK %
IRE % B R IREIEGE. SRIT, TX RS 78 1 AR o SR BRI RN, 35 PR W] RESk Z 41 B Hh 78

DOI: 10.12677/gser.2025.144065 680 IR A


https://doi.org/10.12677/gser.2025.144065

PR A

PRMIZETRE /1. AN, MR KALE B 45 5 — E4ERFAE 98% LA E, ~FHKBRIRE 4R )y 98.75%, fREF
T AEGEARE, U] ERAREE A MK BEIR,  BEAR LK BHEDO AMKASEE AR N, RBL T E M
ViNvie/ YIRS Eo R

Table 12. Structural indicator values of water footprint in Jilin Province (2016~2020)

52 12. HHE 2016~2020 47K B LEHIIERRE

% 7 ;::/\‘ R 7] J’:“/\ s
A KB A 1A KBEUR H 45 %
(%) (%)
2016 0.35 99.16
2017 0.63 98.6
2018 0.68 98.5
2019 0.61 98.8
2020 0.55 98.7

213 4k, MK N LI B R RS, 2016 4E K 4.86 A/10%, F| 2020 4K 4.68 A/10%,
M N OB FR 8 ik S BONIK R A B 2 T R&ES, XEBUKEIERSE &Rt REm
AKGREEN V2 BEA BT T B, R E B2 BT SRR 7R /b i R i 7 N ISR B, i IR AN DR 7K 5
TEE ST B brmiz . Sebr b, BEE N DRI MAT R R, AR BIRE 5 A B, X006 XK
BEUR I AT RFEE R A B T Bk KRR B 2 ah ORFFE S G G, BBV FE S ALK BEUR BTy SR I 22 5%
iR, AR DAV T TR PRI Y ik R BUK R IRE FE R RS T, #E B 7 XK SRR
I o FKRTE Lt % B I R Py, S R AR B Lt AR AR K E AT BT 2016~2020 4 AR
BIKETE R Ty BB N AR, Uk BH 35 R SR 7K BRI

Table 13. Water footprint efficiency indicators of Jilin Province (2016~2020)
= 13, HHE 2016~2020 LK BT EEIEIR

i TV K R RN 1 TR 45 3 AR TR R TIE A b s KRV R 5 B
(A\1104) (m3/7t) (m3hm?) (fz. md)

2016 4.86 19.75 28.17 437

2017 457 19.74 29.52 7.61

2018 4.86 22.00 27.30 7.55

2019 4.68 22.42 27.91 6.44

2020 4.68 23.89 27.38 6.72
EHME 4,73 21.56 28.06 6.54

E3R 14 4, BT 2019~2020 SR EL S, ETRSiF 5 2016~2018 FE54, HHK4E 2016~2018 K
VR Z 1 2O B, o T H AR TR K G IE A 7 T IR Bk . X AT RE R T AV R
JE L N T K DL R S AR AR 2 2 R R R L [FVE T RO 45 5 o 7B IR R IR v A0 7K B8 5 T R S ) FH R S AN
R
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Table 14. Eco-security and sustainability metrics of water resources in Jilin Province (2016~2020)
2 14. HHKE 2016~2020 /K FFESLE . AIFFEIEREIRIRE

A TR BRI = J5E (%) TR TG K AR H (%)
2016 9.01 6.5
2017 10.08 -45
2018 10.18 8.1
2019 -2.2

5. KFFAIEFI AR

TRV S5 . 5B ARAEDD = W KR 5 A KR I iy, FE P 1 OREKBHE, JFHT
WA B AR K RIS B R I R 1) BT SR R0 Tl h, 78 2 1 il b 24
A T ARE AL, PTUUEIN R B R R RS, R A SRS, EE MR T
AAbiE R, AR T AT BRI S, Wl BERS S, Sl RAKEK. s E Rk, e
PR ARG, RO s ey bR A R H S5 s IR, HESpH skt KB
DT Ee R BEAh, RAEVII A A B AR BRI AT, HE ORI R R KA B Rl L
B, IR ¥ Gl A BR 1 5 50E o 53 A 4T TR B o MR AR VB I M S5 ) o RIS 2T ) A
MK BSOS BOR KA K Bt -

ST KGRI IR o A8 75 MR A A7 2 i IR KK I8 E AR R T 30, 51t etk iR I AR DA
PR BRI P8R, A8 J IR 3 A0 24 vh B ALK SRR A, K0 B A K B S M A W &
JEHFAE R e TV, 75 ST R B TV K BRI RE,  HEAT T K BOR M & ) 2 BT, Rl 25 e sk
TR BLAE By iU, LA GF T BEBUah Y /KAT N, SEBIZR BRI 14 v ORI AT AT Rp 524 B

DEAGHE B AR BT o £ 25 [ RIS 8] b B /K GRS A2 B8 7, 7K BEISAE S [X 32 vh & B
I ZE R I . R, AESHIKEER R MUK SRR B 5 25 R AT RATIE R . /K BRI A ik
BB RATE, WG SRR R R

RAEAEF LRI 588 LR R BRI . TR SRR, ML S, ) RARE
WCORTKBEIE, LR R . FR, R e 58 AR DR, IR K B ORI 1 AT AR A0
RN, BOROK SRR AR AR R ™, TERREE R RS 5K IR R R A 50

6. HILS5RE
6.1. &ig

IR IEFRAR RHR T SEAR R MBI K, 25T P mb KK B3 0 o5 B DL R a8, BEIRZIE Rt 2
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