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Tab. 1 Industrial driving factors index system
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efficiency in the four major regions of China
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Fig. 2 Comprehensive water use efficiency spectrum in three representative years of the four major regions in China
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Fig. 3 Agricultural water use efficiency spectrum in three representative years of the four major sub-regions in China
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Fig. 4 Industrial water use efficiency spectrum in three representative years of the four major regions in China
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Fig. 5 Domestic water use efficiency spectrum in three representative years of the four major regions in China
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Fig. 6 Water use efficiency driving factor ¢ value comparison chart in the four major regions of China

Tl A6 FHAKRCR E B Z AR M2 5 N 5
M [ ] 6(b) . 4(c)], TKE DR SN N T B T q i
K, 4390 0.78 F1 0.76, Fi Bl & 7E AR BB . PUHFHb X,
KB GRS K7 Tk KRR i ) q ik
0.81 Fi1 0.96; 45 3K 2 Kl F-XF F A< At . w0 b X fie F¢
JIIEARRE . NG FKSCRIR S AR B v, 15 K%
X 2R R S X R B A R, R g iR
0.97. 0.85, JHLYHRAE 7K FI ] 238 40 28 IR 1 45050 1Y) 3K 51
YE L, 45 B 5% T 2 38 1t DX 3K 0y A R 458 55

3 Wit

31 KRB AKRZFEL B FRIK AT

AT B A0 A BT B ) K B8R BOIR, 5 4Bk 3
BLE R, Rl e &k B R KSCR AT iR . K
1 4 [ K A< 4147 AQUASTAT /K15 . 2 48 B4 ™,
L H BT ECGHT Y 2021 4F 4Bk 32 5 F 5 F K B 64T
Feds .

ZEA KRR DT T, A E K F- 3575 76 GDP
FKER 241 m’, R I B K50 849 m’,
Wi [E J7 0 GDP F/K &k 51.8 m’, 78 & & vh [ 5 ik
2R, AR5 &Ik B R A — e 20, 2
ISR 1765, HARR 2.0 %5, fEEAY 5.2 %5, 5
FEAY 11765 Byt ay 25.0 f5 . E FE KA 3L
FIH FR %L 0.568, B AM ., WL EITE 0.700 LI L, i
HIELZIRF] 0.900 DL _F5 Tl FH 7K 3% R 5 4 [ A 24,
ARG 1.8 % . Frims iy 3.8 £ M5l K
ORGSR E A Y, R A AR fEE A 2.5 £,
BB 9.7 5. BT, I Ak v E R KRR
RS RARHETE, dbnt, JHE, Wi LS 2E G /K AL
FEMT R E ZFH7KF, 4 EE 2 K R
SVARA T BRE KT

FEEGE VAR FRE, A R St [ 5K
I IRAT B R4 TH T 2 R, DAZK B R AT RS H 3
EavtSmiE LR, MOREAR 2 m E 2R A
FA AT Sy 5 Pl A 09T 7K S B, T S DX o
BEC . RK IR KA AT AR ROR,
T T AR TR AR R AR A AR R P K OR;
W2 AT DL A e 2548 | HEsh AR H MK AL 5
V&S “PUk U e B A I At ST KA T
MR E B & BT K, RS BRI 5
T A Al A R AR TR PR IR D5, s aE e | B
2 BE K, B B KR DL R 2 A 5 1 Eh R
K.
3.2 SR AKRMEFELEESILER R EB

AR, T AR E LR A KRR Wi T,
IR Tl KRR 2 o S i a3, 2 BT R
PSS TG BRI A R R, & 7= )
IR LB A K KRR E—E 2R

MGG AR SRR, 255 KRR DL
s UG R BERRRE, 407 KRR DA K & 5
BRE WAL R B A () % R R AR 0. 25 FHOK
DK Tl FH K 553 0 T 26 B B I A% L 33
Pl & R #, Hirp 97.0% 48 I 454 KRR L
RN R34 a5 R A5 A K L A8 0 19 Tk /K0 A
AR ¥R o Aol A3 FH K SCR I A 354
R —-1.3%. 0.9%, 2T RFAE 38 R0 43 5]
H21.7%. 16.0%, T BEAEEE" ", ol FH KRR
5253540 T om AR, AR 16 /KRR LA Kk
£ b T 55 MRS

Ao X ARG SR R, 2R Bl XN 35 H AR 16 K
TN Ao X ) R KA, o B AR A T K
R % BR, 2010—2022 4 4350 A 7 P K ik A 52

KEE®FZHANA 85



F23% F 1 BAAESARBEFE) 202542 A

ek E IRy %, ELA SR IX 20 1 4 v i %
B A G KT OB i, AT AR 3 A R R A
B 2 AT, WO AR A 6 T KA R — 2 B A
BRI AR AL DX A Y FH AR 3R AR T R A K, A
VB i S PRV BT 2 K AR R A 1.9%, {HR]
WAl 5% 28 R AR, — 7= A ¥ GDP AF 3434 iR ALK
S BIEAY 46.6% . FPEBHL X AR A b E AR
X, gl FH K B R, A AL e IR &, (H7E
Tl oK J7 18, BT84 & IH & T2 R AETE,
PR K G IR A B 1 AN 2, T K SRR T,
2022 4F XX Tl 8 e /K & 33.8 m’, Hh4s
[ S 4 5 40.6% . P 5 3t [X 25 4 20 B 44 el e
AEF I 16.5%, [ Tlb B /K R B2 TH i BE Je ke,
LA SR | T DR T 3G I FH K R AR A R i 4
K, S8R 7.0%. 6.7%, Tl 34 e 7K & 45 2 %
N 6.3%.

R Ao X KSR R R R 2 T & 44
(), J& T K BCRAS AL K BR 3h 1 438, 1T LADABSR |
BAR, & &SN EmIBIRA T AR,
PR LA 180 A 300 s DX A 7 412 T+ A 36 FH 7K 3%
S, 38 18 3 SR 0 7 2 AR TG KR RL, R
INAATIK KRR Y RIIE PR A R, e T K
LR N, AR RETT A K . T R M X Al

R R RS M | TR KK, SRS it &
. MBI A B R T T AR
5, 44 4 (L TR 0 P i AR 4
HME, 157 4 4 1K RS B U | KRR I 45,
L 55 01 R A K VR 8 VR A K 78 1,
(R A

4 it

A AL 2 R R 5 KBRS LA T
5, 38 4 8 F K SR A ] 4 B 2010—2022 48
T 454 X ZE A Kooy el K 8808 5 2457 kR i
W AR S 25 52, A DU 58

Z Aty L RN TR R BTN A 0K B PR 2 s, 3R
FE & X LR A Tk K2 @ R0R . SRt
] & J ) #a#4, J7 o6 GDP FisK i . A4 GDP 4E1
B HA 5.2% . 13.3%; Tk hn{E K& A3
Tk GDP AFE Y34 0R 43 51h 5.6% . 10.4%, K83
LT RS PR & R B R FE R TR T

Al Ko A 38 /K B 5304 LA i R B 1 AH

*86 KEBRFZFHAA

S Fr, PR b S RV TR i 389 FH K 2 e A
P, AR AR IR N 1.3%; A3 H AETE K&
/NI, AR IR R 0.9%

R IX 25 KR &8s 4, (B AR 16
IKEEI, PO X KRR | RL % e, (AR
A K AT A, FhE X Tk K AR . AR
N E A TG FH K | PG SRR S i 0k v 38 K
R T TG Tl 8 I (E FH 7K 2 2022 45 X I35 {8 43 5]
191 L, 422.1 m’, 33.9m’, ZRAbHE X 255025 4
IR AR, A3 GDP 4E434 15 N 9.9%.

FEF 4557 K FHAK BRI RE 53 BT, 1% 45 b DX Ay
SR TRAIZR KT T KSR P
W, AR 7K B2 I8 24 i R AR B AR T ik .

S35 3CH:

(1] ZRESE AT & B S K IR 24 4
FIA INT. AR B4R, 2021-03-22(10). DOI: 10.286
55/n.cnki.nrmrb.2021.002834.

(2] BUEBE, /g8, AL T, 55, v E A S B IX K
BEURA IR 25 3 SARRE 0] 2R 252741, 2020,
40(20): 7464-7478. DOI: 10.5846/stxb201909252010.

(3] HZ, Brik, 0, 45 B ALEREE T v B QK o)
BERIHLIE S Pk (1], Hb 324, 2023, 78(7): 1608-
1617. DOIL: 10.11821/d1xb202307003.

(4]  Ei%, 2504, 5, 55 T S00 R R B EHENE K TR R
RO (1], KA, 2021(6): 49-51.

(5] HEZ AL KA A B A I 3 K A7 3l
FE) 1. EKA], 2019(8): 4.

(6] wdit, 4 H W, OS2 K, 45, 6T SBM-GWR Al
148 B FH K B3 S H S R R 404 (0] /K L e i
Fh2#, 2022, 40(5): 34-37

[7] OMEZZINE A, ZAIBET L. Management of modern
irrigation systems in oman: Allocative vs. irrigation
efficiency[J]. Agricultural Water Management, 1998,
37(2):99-107.DOT: 10.1016/S0378-3774(98)00045-6.

[8] SPEELMAN S, D'HAESE M F C, BUYSSE J, et al.
Technical efficiency of water use and its determinants,
study at efficiencies in small-scale irrigation schemes
in North-West Province, South Africa[C]//106th
Seminar, October 25-27, 2007, Montpellier, France.
European Association of Agricultural Economists,
2007.

[9] KANEKO S, TANAKA K, TOYOTA T, et al. Water
efficiency of agricultural production in China: Region-
al comparison from 1999 to 2002[J]. International
Journal of Agricultural Resources, Governance and
Ecology, 2004, 3(3-4). DOI: 10.1504/1IJARGE.2004.
006038.


https://doi.org/10.28655/n.cnki.nrmrb.2021.002834
https://doi.org/10.28655/n.cnki.nrmrb.2021.002834
https://doi.org/10.5846/stxb201909252010
https://doi.org/
https://doi.org/10.11821/dlxb202307003
https://doi.org/
https://doi.org/10.1016/S0378-3774(98)00045-6
https://doi.org/10.1016/S0378-3774(98)00045-6
https://doi.org/10.1016/S0378-3774(98)00045-6
https://doi.org/10.1016/S0378-3774(98)00045-6
https://doi.org/10.1016/S0378-3774(98)00045-6
https://doi.org/10.1016/S0378-3774(98)00045-6
https://doi.org/10.1504/IJARGE.2004.006038
https://doi.org/10.1504/IJARGE.2004.006038

ZUH,F RAAREHENEREHZ R —— P E T AZ TS KN B

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

EMILIE W, CHRIS S. Less water in agriculture? Po-
tential and challenges in optimizing water use effi-
ciency[J]. Journal of Experimental Botany, 2024(13):
13. DOI: 10.1093/jxb/erae227.

SAHIN O, STEWART R A, HELFER F. Bridging
the water supply—demand gap in Australia: Coupling
water demand efficiency with rain-independent de-
salination supply[J]. Water Resources Management,
2015, 29(2): 253-272. DOI: 10.1007/s11269-014-
0794-9.

CARVALHO P, MARQUES R C. Estimating size
and scope economies in the Portuguese water sector
using the Bayesian stochastic frontier analysis[J].
Science of the Total Environment, 2016, 544: 574-586.
DOI: 10.1016/j.scitotenv.2015.11.169.

CALLEJAS D, PANDE S, RIETVELD L C. Water
use efficiency: A review of contextual and behav-
ioral factors[J]. Frontiers in Water, 2021. DOI:
10.3389/frwa.2021.685650.

B0, Ak, B, 45 mKAL RS2 oK X A 1
KSR R 55Ky [, mokdbiE S5oKR R
(HFFET0), 2023, 21(1): 56-64. DOIL: 10.13476/j.cnki.
nsbdqk.2023.0007.

TESA%, #E0U Ty, 00, A5 UL st A T
FUKECRARRHIESS AT [T]. HTT7K, 2020,42(5): 112-
116. DOI: 10.19807/j.cnki.DXS.2020-05-033.
ZRME, X T, ZRIGLT, A, X K PP [T
FZKAEIAS KRR (Fh3E30), 2021, 19(1): 36-42.
DOI: 10.13476/j.cnki.nsbdqk.2021.0003.

IR, KA, 251 2L, 45, dbatJm R AT/K M A K
TR L. B KA 5K R R (30,
2022, 20(5): 851-861. DOI: 10.13476/j.cnki.nsbdgk.
2022.0086.

S, TR, 0. Al FI/K SR 25 22 55 52
HE T L], A AR 48], 2022, 24(3): 11-
19. DOI: 10.13304/j.nykjdb.2021.0346.

2, RIS, THW, 5. T ELA X Tk K
S K R 23 1) 40 5 (0], R IVLI S e 5 0 85,
2019, 28(11): 2539-2552. DOL: 10.11870/cjlyzyyhj
201911001.

ke, 2L, 23, 45, BT AR A0 LMDI Y
S = AR R RS L] KR 5K TR,
2024,35(1):71-81. DOI: 10.11705/j.issn.1672-643X.
2024.01.09.

X5, AT, AR, 45, b B IR S A3 HIK
A SR T P EKA, 2024(4): 27-33.
JE/ NG T K AR 2 AR e A B S AL
S [V R DRI AR, 2024(1): 26-28. DOL:
10.3969/.issn.1673-5366.2024.01.11.

WANG F T, YU C, XIONG L C, et al. How can agri-

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

cultural water use efficiency be promoted in China?
A spatial-temporal analysis [J]. Resources, Conserva-
tion and Recycling, 2019, 145: 411-418. DOI: 10.
1016/j.resconrec.2019.03.017.

2T, B, pER. o KGR AR B s
] 52 AT (0], A BT, 2023, 45(9): 96-103.
DOI: 10.3969/j.issn.1000-1379.2023.09.017.

e UG, BT SWAT A5EAL fry R it VL Vg ki B 1=
b 1 FH AR Ak B A TR Y e B FSE (D] )P
7P K 2%, 2023. DOIL: 10.27034/d.cnki.ggxiu.2022.
001583.

SRERTE, 20, SRSCHE. BT A AR AR R AR 4 (17 T
S S AT T S Matlab {5 FC [J]. = UfER}24
T, 2020, 40(8): 72-77.

FEF5 5, MG, T I SRR o A 1) 7R Sl 7l
Rzl (1], A2 db B TR 2% 2 4 (A SR B4 ),
2020, 42(1): 58-64.

W PRI AR R W R e Sy SE B [Cl /4
| L2 4 M I B A R I 4 I 2 B 27 AR A i
W2, A FE ORI 42 M AR E 29, 2010.
JARAMILLO F, DESTOUNI G. Developing water
change spectra and distinguishing change drivers
worldwide[J]. Geophysical Research Letters, 2014,
41(23): 8377-8386. DOI: 10.1002/2014GL061848.
TR, RFE. AR K AR TS G ST S S A 5 75
Qer: BB ITERSE (1], R A 5453, 2023,
48(12): 66-70. DOI: 10.3969/j.issn.1673-1212.2023.
12.016.

Ak, PRV T AR S T DR 14 A T A D AT G £
TR I (V). BREER AT, 2023, 43(2): 204-
211. DOI: 10.13671/j.hjkxxb.2022.0203.

MRS S5 3 IR A R R 2 T KR BB A 15
ferb g A 0. ik AR R, 2022(2): 15-
16,47. DOI: 10.3969/].issn.1008-0120.2022.02.006.
NG, AR, F, 55 /K BEUR A IR A 43
Brork R 0], K ADKE TSR, 2019(6): 132-
138. DOLI: 10.16198/j.cnki.1009-640x.2019.06.016.
A AR Z R AR 7K SRS e 1) 2 1) S o
o3 [D]. B bRk K%, 2022. DOL: 10.27
158/d.cnki.ghznu.2022.000745.

TEE, KA, X B, B ROk SRR IR S
L5 RIERFE A R RS [T]. 8RR E, 2020,
34(8):44-50. DOI: 10.13956/j.55.1001-8409.2020.08.
08.

FR R, NI, 5 RUK, AR TR XK -2 5 -
A SRA DR R R FRIE RS (3. KGR LR,
2022, 38(5): 80-86. DOI: 10.3880/j.issn.1004-6933.
2022.05.012.

ZAL ST RSN 5 MR Sl KRS W (D).
f13k: 5l BHE R, 2023, DOIL: 10.27724/d.cn-

KEEkFZHANA 87


https://doi.org/10.1093/jxb/erae227
https://doi.org/10.1093/jxb/erae227
https://doi.org/10.1007/s11269-014-0794-9
https://doi.org/10.1007/s11269-014-0794-9
https://doi.org/10.1007/s11269-014-0794-9
https://doi.org/10.1007/s11269-014-0794-9
https://doi.org/10.1007/s11269-014-0794-9
https://doi.org/10.1007/s11269-014-0794-9
https://doi.org/10.1007/s11269-014-0794-9
https://doi.org/10.1007/s11269-014-0794-9
https://doi.org/10.1016/j.scitotenv.2015.11.169
https://doi.org/10.1016/j.scitotenv.2015.11.169
https://doi.org/10.3389/frwa.2021.685650
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0007
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0007
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0007
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0007
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0007
https://doi.org/
https://doi.org/
https://doi.org/10.19807/j.cnki.DXS.2020-05-033
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.13476/j.cnki.nsbdqk.2021.0003
https://doi.org/10.13476/j.cnki.nsbdqk.2021.0003
https://doi.org/10.13476/j.cnki.nsbdqk.2021.0003
https://doi.org/10.13476/j.cnki.nsbdqk.2021.0003
https://doi.org/10.13476/j.cnki.nsbdqk.2021.0003
https://doi.org/
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0086
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0086
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0086
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0086
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0086
https://doi.org/
https://doi.org/
https://doi.org/10.13304/j.nykjdb.2021.0346
https://doi.org/
https://doi.org/10.11870/cjlyzyyhj201911001
https://doi.org/
https://doi.org/
https://doi.org/10.11705/j.issn.1672-643X.2024.01.09
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.3969/j.issn.1673-5366.2024.01.11
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.1016/j.resconrec.2019.03.017
https://doi.org/10.1016/j.resconrec.2019.03.017
https://doi.org/10.1016/j.resconrec.2019.03.017
https://doi.org/10.1016/j.resconrec.2019.03.017
https://doi.org/10.1016/j.resconrec.2019.03.017
https://doi.org/10.3969/j.issn.1000-1379.2023.09.017
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.27034/d.cnki.ggxiu.2022.001583
https://doi.org/10.27034/d.cnki.ggxiu.2022.001583
https://doi.org/10.1002/2014GL061848
https://doi.org/10.1002/2014GL061848
https://doi.org/10.3969/j.issn.1673-1212.2023.12.016
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.13671/j.hjkxxb.2022.0203
https://doi.org/
https://doi.org/10.3969/j.issn.1008-0120.2022.02.006
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.16198/j.cnki.1009-640x.2019.06.016
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.27158/d.cnki.ghznu.2022.000745
https://doi.org/10.27158/d.cnki.ghznu.2022.000745
https://doi.org/10.13956/j.ss.1001-8409.2020.08.08
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.3880/j.issn.1004-6933.2022.05.012
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.27724/d.cnki.gnmgk.2022.000637
https://doi.org/10.27724/d.cnki.gnmgk.2022.000637

F23% F 18 wmAdAEAKFBRSECPEES 2025452 A
ki.gnmgk.2022.000637. 2019.04.005.

[38] Zofliye, 4%, &, 55, FE T HRIMEC RO [51] B, HIEM, skF R, % T K3 I124 8000
IR ok 22 (1], i E L BL TR i, 2022, TE XK R GRS (1], 5K,
42(4): 1514-1522. DOI: 10.13334/1.0258-8013 pesee. 2023(4): 87-95. DOI: 10.12396/jsgg.2022335.
211172. [52] #HIEBE, @AM, 2R . R AK FRFEY 4 (B K 7%

[39] 0o, BkfE N, SR, 2. o 45 WK Ve R I 4 VRO B2 AL AE B B a3 (7). rh el e
PP B3 ) 43 5 ANAR S L AT (00, K BE AR, U5 X 4, 2024, 45(1): 57-72. DOL: 10.7621/cjarrp.
2023, 39(4): 102-110. DOI: 10.3880/j.issn.1004- 1005-9121.20240106.
6933.2023.04.013. [53) A, BRI, T, 4. dLsori S 1k 2 Lt

(0] A 5%, il LR, 5. WP Se Bl R ICILZ FI5 45K BRI BTRT (7). 27k 4k, 2022, 58
Grai /K AR GR BT PAR RIS I T 458 1)K (3] 2): 328-332. DOL: 10.13789/j.cnki.wwel964.
B VR 47, 2023, 39(2): 215-223. DOIL: 10.3880/j. 2022.10.10.0006.
issn. 1004-6933.2023.02.026. [54] EPG3E, BTEs, SR, A FLF P S5 M 1Y X Ik

(41] 201, Eokom, TR, & K -ne-ik 2 ok KRB AR AL i S RE (7). h e bRl
AP BAR SN V], ALK RIK R 2023, 43(5): 2652-2661. DOI: 10.19674/j.cnki.
2etER (FARBRERR), 2024, 45(6): 20-31. DOL 10. 1ssn1000-6923.20230130.001.

19760 newu. k2024062 = [55) bV, WLk, B30, A5 AR BRI %

[42] tar, AW, WM, 5. HMRESER FFH I (7. JKBh2 3 I, 2020, 31(6): 960-969.
iﬁff@t&%d}?ﬁﬁ Ly/oL]. 3% %ﬂ?’ - DOI: 10.14042/j.cnki.32.1309.2020.06.015.

(2)? 1[42‘(1)'24-11-12] .https://doi.org/10.13227/j.hjkx.2024 [56] Ei%’ ﬁ%‘?\ﬁ, ﬁ%‘ﬁﬁg’ % 7{(%}%%%%”? i‘lﬂlﬂ(@

) i g o g PRI D] K,
273, 2017, 72(1): 116-134. DOI: 10.11821/d1xb20
01010, 2023.01.001. \ o ‘

4] WO, etk I R ) e PR BGRL S SRR S SR
BIZ ST 1], HBR( LRI, 2023, 25(4); 809- j’;iﬁf‘/ ;J_]' Toiioijofm 2023, 41(9): 46-53. DO
822. DOIL: 10.12082/dqxxkx.2023.220508. S oeTAEe C

(451 BB VT, B, . TR K R TR Sk (58] 1Ric¥, H=ph, Hal, 55 DECFZRAE KR O
U I AL L T 5k SR 7 S (7). B2 PR EOK FIFRHER R BT (1], Adb/K Rk K2
2019, 44(3): 767-776. DOIL: 10.13225/j.cnki jecs. it (R AL, 2023, 44(4): 1-16. DO 10.
2018.6041. 19760/j.ncwu.zk.2023040.

[46] BRI, Seblie, ik, 26 FeE T FKBUIR. Al [59] YANG J, LIU X J, YING L M, et al. Correlation
A K R (7], FREE R B, 2022, 50(6): 58-63. analysis of environmental treatment, sewage treat-
DOL: 10.14026/j.cnki.0253-9705.2022.06.018. ment and water supply efficiency in China[J]. Sci-

[47] 25T, B4, T, 2. R E T B K0 S5 ence of the Total Environment, 2020, 708: 135128.
HEAEL (7], P E KR, 2020(19): 44-46. DOL: 10. DO 10.1016/j.scitotenv.2019.135128.
3969/j.issn.1000-1123.2020.19.022. [60]  JUAIA, TR, SRIETT. SR b M FIR LT KB

(48] MG, SKHA L. Hirh [ 70 45 op [ p R X Tl % UER R B I 23 AR B semi IR R (7). s PR,
s AR L RUEE . IS AR (). T ST, 2020, 40(11): 1930-1939. DOI: 10.13249/j.cnki.sgs.
2019, 7(2): 103-113. DOI: 10.13948/j.cnki.hgzlyj. 2020.11.018.

2019.02.005. [61] by, RAZ, Lifg . 5T LMDI A B 1

[49] FEVERS, JUSLE, IHE AR, BB ML K BERAE S B B A G A R Z 5T (T, KR 2895, 2019,
B 5 AR A R IR B 2 T (1], 37(5): 11-15. DOI: 10.3880/j.issn.1003-9511.2019.
IKIEIE, 2024(7): 62-74. DOI: 10.12396/jsgg.2023507. 05.003.

[50] XI&, R, XU, 55 5 20 45 EK B A H [62] wH5, WfEt, 2= 5k, 55, U1 20 45 EHE K 454
IR BRI S R b (], K FDKGE TR, A S HOR IR (T KRR 53T, 2022(3): 5-
2019(4): 31-41. DOIL: 10.16198/j.cnki.1009-640x. 10. DOI: 10.3969/j.issn.1672-2469.2022.03.002.

<88 KEBEZHKAA


https://doi.org/10.27724/d.cnki.gnmgk.2022.000637
https://doi.org/10.13334/j.0258-8013.pcsee.211172
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.3880/j.issn.1004-6933.2023.04.013
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.3880/j.issn.1004-6933.2023.02.026
https://doi.org/10.3880/j.issn.1004-6933.2023.02.026
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.19760/j.ncwu.zk.2024062
https://doi.org/10.19760/j.ncwu.zk.2024062
https://doi.org/10.19760/j.ncwu.zk.2024062
https://doi.org/10.19760/j.ncwu.zk.2024062
https://doi.org/10.19760/j.ncwu.zk.2024062
https://doi.org/10.19760/j.ncwu.zk.2024062
https://doi.org/
https://doi.org/
https://doi.org/10.11821/dlxb201701010
https://doi.org/10.11821/dlxb201701010
https://doi.org/
https://doi.org/
https://doi.org/10.12082/dqxxkx.2023.220508
https://doi.org/
https://doi.org/10.13225/j.cnki.jccs.2018.6041
https://doi.org/
https://doi.org/
https://doi.org/10.14026/j.cnki.0253-9705.2022.06.018
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.3969/j.issn.1000-1123.2020.19.022
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.13948/j.cnki.hgzlyj.2019.02.005
https://doi.org/
https://doi.org/
https://doi.org/10.12396/jsgg.2023507
https://doi.org/10.16198/j.cnki.1009-640x.2019.04.005
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.12396/jsgg.2022335
https://doi.org/
https://doi.org/10.7621/cjarrp.1005-9121.20240106
https://doi.org/10.7621/cjarrp.1005-9121.20240106
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.13789/j.cnki.wwe1964.2022.10.10.0006
https://doi.org/
https://doi.org/
https://doi.org/10.19674/j.cnki.issn1000-6923.20230130.001
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.14042/j.cnki.32.1309.2020.06.015
https://doi.org/
https://doi.org/10.3880/j.issn.1004-6933.2023.01.001
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.13205/j.hjgc.202309006
https://doi.org/
https://doi.org/10.19760/j.ncwu.zk.2023040
https://doi.org/10.19760/j.ncwu.zk.2023040
https://doi.org/10.19760/j.ncwu.zk.2023040
https://doi.org/10.19760/j.ncwu.zk.2023040
https://doi.org/10.19760/j.ncwu.zk.2023040
https://doi.org/10.19760/j.ncwu.zk.2023040
https://doi.org/
https://doi.org/
https://doi.org/10.1016/j.scitotenv.2019.135128
https://doi.org/10.1016/j.scitotenv.2019.135128
https://doi.org/10.1016/j.scitotenv.2019.135128
https://doi.org/10.13249/j.cnki.sgs.2020.11.018
https://doi.org/
https://doi.org/
https://doi.org/10.3880/j.issn.1003-9511.2019.05.003
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.3969/j.issn.1672-2469.2022.03.002
https://doi.org/
https://doi.org/
https://doi.org/

ZUH,F RAAREHENEREHZ R —— P E T AZ TS KN B

The construction of water use efficiency frequency spectrum and its temporal
and spatial variation analysis: Taking the four economic
regions in China as an example

LI Xinyan1 , ZHU Yongnanl, CHENG Pengz, HE Fan', HE Guohua', LI Wei'
(1. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin, China Institute of Water Resources and Hydropower Research,

Beijing 100038, China; 2. Shijiazhuang Water Resources Comprehensive Service Center, Shijiazhuang 050011, China )

Abstract: China is among one of the countries in the world with high degree of water stress due to its uneven
distribution of water resources. Reasonable evaluation of water resources utilization efficiency is an important
method to balance the relationship between supply and demand of water resources supply as well as economic
development, and it is also one of the important tasks of water-saving management. Water use efficiency evaluation
is an important means to analyze and compare the effectiveness, rationality and water saving effect of water
resources utilization in regions and industries.

A comprehensive and sub-industry water use efficiency spectrum fitting method was constructed based on the
combination of geographic information, water use efficiency and economic development data. The spectrum curves
of comprehensive water use efficiency and water use efficiency of agriculture, industry and life in China were drawn
by taking 31 provinces, autonomous regions and municipalities in the mainland of China from 2010 to 2022 as an
example. The spatial and temporal variation rules of water use efficiency in various regions and industries along
with their differences were analyzed. The main driving factors of water use efficiency changes were identified by
geographic detectors, and water-saving optimization suggestions were put forward according to the characteristics of
water use differences in various regions.

The results show that from the year 2010 to 2022, the comprehensive water use efficiency and benefit of 97.0%
of the provinces showed a synergistic growth trend, and the fitting degree of water use efficiency and economic
benefit of different industries gradually improved with time with the simultaneous increased benefits of all the
provinces.

The increase of agricultural water use efficiency in Northeast China is the largest. The average annual decrease
of water consumption per mu of actual irrigation of agricultural cultivated land is 1.9%, but the average annual
increase of GDP per capita in the same period is only 46.6% of the national average. The comprehensive economic
growth in the western region is the largest, with an average annual growth rate of 16.5%. The industrial water use
efficiency also showed largest increase in the same period. The industrial added value water consumption in the
western region has decreased by an average annual rate of 6.3% in the past 13 years. However, there is still a big gap
between the agricultural water use efficiency and the eastern and central regions. The efficiency of industrial water
use in the central region is low. The comprehensive water use efficiency and benefit in the eastern region continue to
lead. The main driving factors for the change of agricultural water use efficiency in China are annual precipitation
and water-saving irrigation area. The efficiency of industrial and domestic water use is most driven by water-saving
investment.

The comprehensive and industrial water usage in each region of China is expected to continue developing
towards greater efficiency and higher benefits. The level of coordinated development will gradually increase, with
agricultural and domestic water consumption showing a positive correlation with benefits. In the eastern region,
water use efficiency and benefits are leading, although domestic water consumption remains high. In the western
region, both water use efficiency and benefits are rising rapidly, yet agricultural water consumption is still
significant, along with industrial water consumption in the central region. Based on the above analysis, the
optimization suggestions for further tapping the water-saving potential and improving the water use efficiency are
put forward according to the characteristics of each region, which provided a technical method for the economical
and efficient utilization of water resources.

Key words: water use efficiency; economy; frequency spectrum; temporal and spatial variation; water saving
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