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Analysis of spatiotemporal evolution and driving factors of crop water footprint in the Sichuan Basin based on
LMDI model//YANG Jun"?, XIAO Zuolin'*, XU Weifeng'( 1. College of Geography and Tourism, Chongqing Normal
University, Chongqing 401331, China; 2. Chongging Key Laboratory of GIS Application, Chongging Normal University,
Chongqing 401331, China)

Abstract: To explore the evolution characteristics and driving factors of agricultural water footprint in the Sichuan Basin,
the spatiotemporal evolution characteristics of blue water, green water, grey water, and white water footprint of major crops
in the Sichuan Basin from 2001 to 2021 were analyzed. The LMDI model was used to identify the driving factors of crop
water footprint change from the technical, environmental and social dimensions, and the differences of each driving factor
were discussed from the global and local perspectives. The results showed that the crop water footprint in Sichuan Basin
increased first and then decreased from 2001 to 2021. The spatial distribution characteristics of crop water footprint in each
city were high in the north and low in the south. From the global perspective, the impact of different driving factors on
changes in crop water footprint varies from large to small as follows: economic effect, population change effect,
technological effect, water footprint intensity effect, water-saving effect, and production effect. The economic effect and
population change effect were the strongest promoting and inhibiting factors, and the contribution values were 82. 90x10® m’
and —51.55x10° m®, respectively. From the local perspective, there was a dislocation between the technical effect and the
population change effect in space, and the production effect, water saving effect and water footprint intensity effect show a
two-way driving effect in space.

Key words: agricultural water footprint; crop water footprint; LMDI model; the Sichuan Basin

IKGEVEAE R AN A= 7 B B B RE Ay, W PR K DU A S TR Y 65, 5% , 1B IR SR AR,
RIT VR KRR IR 2 2 CER, F M s sk ™ &, S8R K K,
VUG T B S AR B 2 - e 2 — RV BEE AR BT AR, A A7 4 ML XK BT A 5 4

EEWE  ERTTBZE AR AT ZEIH (KIQN202300558) 5 # T A SARF 2= 58 4 BH & JR I 4 3 4: 390 H ( CSTB2023NSCQ-LZX0150) 5 &
PRI K2 3 4: 10 H (22XLBO11)

{EEB AN FHE (1997—) 55| M‘iﬁ}%ﬁi F NI K VR E-mail ; yang_jaaa@ 163. com

BIEEE Y MEM(1985—) , B, #0%  10+, EEMN IR A LS BRI, E-mail:xiaoll@ cqnu. en

- 160 -



i, Al 7K B s 2 B A 4 22 UF R R I
O G, B PEAS R K i 5T Rk 3 A
20 EVEVEM K LA, S DX HIK T
PRBEH 2 4 B B8 S

2002 4T, Hoekstra 251 1 YR H 7K A2 38 B4 ABE 45
PR KRB E T Z B T A0l Tl FIZRBE I 2 Y
IKRGEEITAL o AEALO TR, 7K R A 5 T 1Z 58
437K (FEBEK ) FEkoK (KD F bR, b4 i 2 KK
(TokMBER oK) o HAET, CA AP EEEYIK R
AT T IPAS , FL 48 X e — b DX B — VR4 7K 2 30 i
FrEAet e VEMIRIK 8 B 25 2 53 LAY FEAS TR
23 8] RUBE 1 B 8 AR K A 38 e 45 22 SRR AE 0 46
WA 7 R IK R 328 R A AR 58 A N T 75 % ) L
BN . 2RI 2 F KL 78BS A T Bk Y A
VEVIK BT AR, il 1 ARl AR s 5T G i 42 il
SR T 262 PG IR T AR AR AN AR A Ak
RIEPMA R 12 ] SBM ( slack-based measure ) 15 5 Fl1
Tobit [HAERINT 1990—2016 4 rft [ 4l A 530K
23 [ Ak S SR S PR R A T SR i, 28 WA
Py oK 30 1 PEAR A 25 BEAE W A= 77 % 7K 5% 1 o 1 )
F, 20 T AVEP A A W2 AR v 4 2k i K 98 IR LA
KA TS B 1 FE K &, T B0 AR K AL
A% . Ababaei 55" 2 H T 1K R 8 A A A, T
PEAGAAE W A A 3 i v R B - 50 ) K o A 2k
., BEE KRG A, Cao M HEN. T —FIEE
F KB IRIE S B, SR ROl AR 7 i AR v B B
SR A BT RESE , FH TSRl FHZK R, X
AL FE T ARG URAS PR PEAL AUHESE , TR 8 T 7F
AR T TR 45U A B e FH KSR R b 7K B P4 2R 1Y)
HEANE, TEAKE IR S K R W5 05, [ N b
I B iz F X B £ 3 1K F8 B ((logarithmic mean
Divisia index, LMDI ) £ %!/ IPAT ( impact of
population, affluence, and technology ) %% %67 i
STIRPAT ( stochastic
population, affluence, and technology) LRI S s
B 7R T AR K R 30 22 S (0 S A, O 9 Hh T
DX ] ) 4 2 25 5 B fR 22 P G S RO B AR 28 AN
XK BRIk 8l . 6140 Zhao 45 3 4 LMDI 45
BT H A K R B HEAT 3BT, e I T4 K R A
s E LK BB ) B 3R R0 5w
LMDI BRIHETE T 1997—2011 4F 3 A % o [ 7k
JR U A A SN G DN R Y f )
KR HAGEREAE ], BB BA X 9K 5, S8
T, B TR 53 A B 2l PR 3R IR A 4 1] TR 0T 5
XA A B — B A0 T A TR) DX B 22 4 B 1 T g
FETER 225, B, B RUA 3020w 57 4 2 R By

impacts by regression on

AR A B TTAE L A A N T A K R
IR AT T 0F5T, 5 R B E —E RN A
[vi) DX 14 4 MMl 7K A2 30 A7 58] 1) 3R 3 R 28 RN A T
U, o0 T O MR M B A UK SRR T N 2GR &
JEUAEATIR S B 2R 5,

ST AR SR TR R e, B R EY A K
Tk 3 A 48 % B4 K B DR e 5 R Ml T RS G B FE K
T, S U 1] A HE 2001—2021 4F 5 B A AE Y FH K
i RAAEY KL, AL LMDI AR AR | BR
S R IE A R S AR E L S N S ITANA Y v O VAN T & AN
TR GR RN, 28 T RN AN AR AR RN SRR 58 7K
SR ALK 2R A )R 5 R A T T 45
9K Zh K 22 SARRE , U Ry U )1 b Al K B8 5 A
ORI Bl nT R K R R I ES KR 2%

1 WRXESRSHERIE

1.1 HREHEFR

VU o7 IR E PE A0 (27°38'N ~32°54'N |
102°48'E ~109°16'E) , 175w Jt R 1l AR 4211
2 Bt JEIRGEIN R, KA T NAE N, N A3
AT PR P, 5 i ROBE IO AN Ge it 1 AR S5 A
R AR SCHEILU ) 5 N B A R R X (1)
5T X @ T #0722 XUPE S0, AR 330 14, 9 ~
18. 6°C , AF [/ E 24 1200 mm , 4F H FR BT 4L 900 ~
1300 h, TLFE M2 280~350 K12 At Py 2868 + 43
Mz, LR KRR, BIREREENRE
S, MR 2022 4RI KB IEARY  BFFE X
Ak K S U148 S K &Y 65. 5%, 1= T4
PR, i A R IR ) D R {15 2 b Py

A S Lk
. !
3 BYATHIX
o3 ATHIX
LR e F/m

w5 408
0 60 120km M ©

rE

B1 HRXTFEE
Fig.1 Schematic of Study area

- 161 -



IKBGEPRIN 25 3 A A B 2= v | X ke K ™ i, &
AN HAKTF AHMERE I, FIFHRCRAK
1.2 HiFEFRiR

BEHL 2001—2021 4F PUJI 4 16 AT A KA
AN RNEK 7 i R AR Ak A
AR IEATASE, RIE T ()1 48 e 4R 4 ) Fnd
MAEGEARY o LGB IET b E G K K
V-£5 (hitp : //data. cma. en) , fLHE DU Z3 00 17 A>3
ARG H K& | H S SR H &R ROR P
TG FF TR RN H R4,

2 WIRAE

2.1 1E¥K BTN E
VEWI K JE T 26 e — VR LR K A b il
THFERY K BEUR , 32l 7K R 3 SRk R 3 KK 2
IFN K R, WK R R E R AR K R
T FE Y R AR T /K (HEME K 5 200K i 45
YEVITE AR K AR TP AR R A A K i (HARBE )
AR R BFE A A= 77 3 7R ol £ AR AR Rk 25
Sk 2 Y S A T IR TS Je Y B TRl AL 3] B SR AR
TR SR AE VR B2 T 55 7K BEUR 5 7K R il 46 7K 8 R AE
MEWZ i AR R R . SRS HEDY T
FEREMI K R I AT AR TR A AN
W=Ww,+ Wge + Wgzl + W, (1)
Horr W, =BE,/Y W, =BE,/Y
E, =max(0,E_ - P,) E, = min(E,,P,)
A WA R s W, SV ER K R W,
VEWERIK 3T W, AER KK 3T W, HAEYI A
TKIR I 3 B h B 4 2 80 B K TR BN e 48 Dhy LA
THFUK &, A 30 B B 105 Y S 1F 4 B o7 1 B ™ 4
E, E, 703 EEK SOk 78 K i B, IVEYIZEL
i+, FII ] Penman-Monteith A2 415 P, A%
KEE, 2% 5 FH ARl H 4 AR R 0I5
P R NN W
B P(125mm - 0.2P)/125 P < 250 mm
© 125mm + 0. 1P P = 250 mm
(2)
X P AREKE, MVEY AR I H K & 2
53,
W, P55 TR A K 2 308 1) i Ak Jy
172 B /N W
W, =LA,/ (P = Pu) 17Y (3)
Ao FRNCI R R, RSO 10% A, 24 BT
BULNEH £ 5p,,, o FR5E AT HR R R T R 1Y e K5
VR, MR Y GB 3838—2017( b3 /K BRI i it b i
FEAT HRAERRAE ) , A SCH 10 mg/Lsp,,, WEICE
- 162 -

SR A 5 B VR B, AR SCHR O,
W,, WWHS% Cao %M ka8 1Y VE P HE W B2 2%
HITE L TR AXH
W, =W,(1-21)/A (4)
Ao A A B REE KA 2R & 8, T4 7K
B kA
2.2 LMDI #&%8
LMDI A5 72 28 5% 22 v — BT Ak AH DG 8 b v 7
KSR R, A 2 e Jork 2= %58, B
FIBE 32 7 T BE VR R RS 40, AR SCGE A Johan
SISO (R AT HITRE R | B AR 4k BE (B AR A 7=k
IO AT KGN ) FRGEAE BE (K SR IR E RN ) A2y
Y B (LT RN AN H AR AR AKN ) X 2001—2022 4F:
5% DX 3 AR A W 7K 328 28 1 1 9K 3 [ R iE 47 4%
Bro BARSHiE A
W, = iertjp (5)
Hrp i=W/T e=T/. r=1/W,
t=W,/G, j=G,/p
Kb w, RITAAEYK RIS ;i A P B R
FEK I, R BB, ML A TP H AR s e S
PLE R AR Hh AR ™7 i, FOR AR RN, S A
P A= 75 S A K IR AT T IR 4 T AR, R T K
RUNE, SRS KRB 5 ¢ Ry 5 A M 7™ (B T AR 1 7K ¢
U8, FR7R 7K R T 5 BN, S K G R B 55
AR N T SO | R G 300N, S AR b 5 1%
KIEIK-5p AR T, Feom N AR AR AN , S e
P N AEARAT B T VR 7= 65 1, SR HE R T AR
G,, FAME,
HR AN 3 it DO S 7K R 6 R4 7 0o «
AW, =W, - W._, = Y AW, (6)

Hof AW, = [(W,, =W, )/
(InW_, = 1InW_,) |In(k,/k,)
2R AW, g EERAE A T 3R EAR P A AE Pk A
SIS ALY TR ¢ A 0 43 5IR H AR A A
HEAE b AP i e o p BE AW, SR 45 2K RUBX K
A B SR SR
MR TR 43 U8 7K JE S AT 43
D=w._/W.,=1ID (7)

Hrp D, =eXP(QAWk)

Q=InD/AW = (InW_, =InW_,)/(W_, =W ,)
D KB R X E K R AR R S TR
ke a3 HBL e op B D, SR A BN R AR R A
LRI BTRRAR , D>1 R K R XY K R i Ay
P (R MR fe HE A PSS s D< 1 /R IR R
XVER R R 308 BAT TV T LB N R 4 P



3 ERESW

3.1 M|t iEdk BTSN ETIHAE
3.1.1 B REE R AE

2 S 2001—2021 4F DU I 2 1 73 23 VE P K A2
WAERRARE, FE 2 AT UL, 2001—2021 4F- Y )1 72 b
WK R KR R 3 B R Z B AR TR S B
SRR A2 T K R REE , T K
R T—A~BE S LIS PR R, 1)

kR mEXR ohE

25
.20
g
N g5
|
310 I IIII I
Y,
s N ] II'
"
() LI, 0, 5, B, O (I, O 6, B )
SIS R I RS Y
NSNS NN
FTTIT IS SIS HFS S
R
(a) WK
180
160
7 140
120
Y00
H g0
= 60
X 4
20
0||||I||||||||||||||||
SIS R I RS Y
QL OO L IS NSISNQ
FTTIFT IS SIS HFS S
Ay
(b) 2R
90
80 -
2
60
N
H 40
= o3f I
%20-
10 |
0|||||||||||||||||||||
YD LA DML AS DS
QL OO L IS SNSISNQ
FTEFSFI IS SFFS
FAhy
(¢) KK
40
35
o 30
E |
b
3 20 I
15 II
X 10 I
OIIIIIlIIIIIIIlIIIIIII
3L LA DL N9 D
QL OO IS NS NQ
FTESFI IS SFSS
gy
(d) EKELE

2 2001—2021 M)l £t o KAEWK BIBERTL

Fig.2 Interannual variation of classified crop water
footprint in the Sichuan Basin from 2001 to 2021
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Table 1 Crop water footprint of cities unit:10°m’

Wt BRI SRR KO FKRE BRI

i) 0.75 7.69 3.87 0.99 13.30
e 0.83 11.17 5.54 1.11 18. 64
B T 0.90 12.93 6.01 1.17 21.01
AT 0. 69 7.98 5.49 0.89 15.05
ST 0. 69 7.72 3.16 0.91 12.49
ST} 0.91 6.30 3.21 1.19 11.61
SRl 0.16 5.85 2.59 0.21 8.81
Y T 0.56 9.14 3.03 0.75 13.49
JA i 0.30 7.52 4.02 0.40 12.25
2 H T 1.02 10.18 6.06 1.33 18. 60
F FE T 1.44 12.27 6.63 1.88 22.22
YT 0.54 6.91 3.38 0.72 11.55
BT 0. 80 6.19 4.05 1.05 12.09
HET 0.67  10.13 2.98 0.90 14. 68
PeBH T 0.70 9.54 2.38 0.95 13.56
Ezgi 0.36 5.46 2.55 0.48 8.85
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Table 2 Decomposition of factors affecting change in crop water footprint in the Sichuan Basin from 2001 to 2021

unit: 10°m?

E0y I5Yy e PR AV 41 KB IK A 85 JRE K LB N VAR AR
2001 0 0 0 0 0 0 0
2002 -1.96 -19.90 16.91 -56.15 39.11 18. 84 -0.78
2003 -7.43 -0.10 -7.49 3.47 4.07 -5.24 -2.14
2004 10. 80 3.55 7.25 83.86 -91.24 9.40 -2.01
2005 -2.30 -7.14 5.52 -9.79 4.06 7.20 -2.15
2006 30. 83 46. 82 -15.01 -299.39 314.10 -16.36 0. 66
2007 0.11 -10.72 9.88 78.67 -88.29 10. 30 0.27
2008 -17.79 —-24.94 6.67 325.39 -332.18 6.77 0.49
2009 3.10 -2.55 4.26 -196. 41 192. 14 6.40 -0.74
2010 -6.85 -9.09 -0.23 96. 14 -95.94 4.53 -2.26
2011 43.45 42.11 -2.84 -297.22 300. 02 3.90 -2.52
2012 -32.64 -30. 81 3.75 144. 58 -146.76 -2.47 -0.91
2013 20. 60 28.48 -12.41 -22.34 33.83 -3.09 -3.87
2014 -26.53 -24.04 -7.03 69. 98 -63.05 -0.89 -1.51
2015 14.95 10. 60 -0.80 -48. 62 49. 41 8.54 -4.16
2016 -1.57 -2.89 -5.44 79.47 -74.04 8.13 -6.80
2017 -6.18 -0.53 -10.53 11.95 -1.64 1.00 -6.43
2018 -1.97 -8.71 3.86 50.38 -54.50 13.55 -6.56
2019 -18.05 -19. 60 0.38 -24.40 24.11 5.66 -4.21
2020 -17.34 -15.36 -3.99 -149.61 153.52 3.60 -5.50
2021 18.83 16.13 5.38 157.36 -162.74 3.14 -0.44
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Table 3 Contribution rates of factors affecting changes in crop water footprint in the Sichuan Basin from 2001 to 2021

0y ISY v e AR EEYie 4l T K IK A TR JRE K LB PNBE Y7 i
2001 1 1 1 1 1 1 1

2002 0.9908 0.9103 1.0831 0.7671 1.2029 1.0930 0.9963
2003 0.9648 0.9995 0.9645 1.0169 1.0199 0.9750 0.9897
2004 1.0531 1.0171 1.0353 1.4945 0.6459 1.0461 0.9904
2005 0.9892 0.9671 1.0262 0.9551 1.0193 1.0344 0.9899
2006 1.1455 1.2291 0.9360 0.2673 3.9914 0.9304 1.0029
2007 1.0005 0.9568 1.0415 1.3827 0.6951 1.0434 1.0011
2008 0.9267 0.8988 1.0290 4.0219 0.2415 1.0294 1.0021
2009 1.0138 0.9888 1.0190 0.4203 2.3351 1.0287 0.9967
2010 0.9700 0.9604 0.9990 1.5340 0.6525 1.0204 0.9900
2011 1.1964 1.1898 0.9884 0.2933 3.4487 1.0162 0.9897
2012 0.8767 0.8832 1.0152 1.7912 0.5534 0.9901 0.9963
2013 1.0888 1.1248 0.9501 0.9119 1.1499 0.9873 0.9842
2014 0.8950 0.904 4 0.9711 1.3399 0.7683 0.9963 0.9937
2015 1.0661 1.046 4 0.9966 0.8120 1.2356 1.0372 0.9824
2016 0.9935 0.9881 0.9776 1.3919 0.7348 1.0344 0.9721
2017 0.9742 0.9978 0.9564 1.0518 0.9931 1.0042 0.9732
2018 0.9916 0.9632 1.0168 1.2421 0.7910 1.0601 0.9722
2019 0.9220 0.9156 1.0017 0.8960 1.1146 1.0258 0.9813
2020 0.9187 0.9277 0.9807 0.4812 2.1181 1.0178 0.9735
2021 1.0961 1.0817 1.0266 2.1524 0.4526 1.0154 0.9979
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Table 4 Decomposition of factors affecting changes in crop water footprint of cities in the Sichuan Basin

unit: 10*m?
i BN, FE AR LR RSN KA TR 30 58 4 55T LV RN NSRS
L] 2.96 -5.57 4.68 3.37 -7.90 10.71 -2.33
BARTT -7.61 -0.21 -4.31 0.82 3.42 -1.68 -5.64
KM T 2.40 -0.72 -3.10 69.33 -66.21 8.96 -5.86
TR 1.51 -1.31 2.10 -8.72 6.54 6.62 -3.73
I -0.16 -1.75 -0.82 2.87 -2.02 3.11 -1.56
Joooth 3.15 -4.62 5.94 -2.91 -2.98 9.48 -1.76
SRl 0.27 -1.18 -2.04 -15.50 17.49 3.48 -2.07
api i 1.23 -0. 87 -4.30 8.90 -4.74 5.73 -3.49
Al -2.14 -0.96 -1.79 -16.65 19.48 1.94 -4.16
2R PAT 2.34 -3.17 3.55 -0.92 -2.77 9.79 -4.14
M 1.71 -3.28 2.51 6.37 -8.88 8. 40 -3.41
YT 0. 06 -1.62 -2.59 -1.95 4.50 3.76 -2.03
BT 0.04 -3.15 0.50 4.98 -5.52 5.79 -2.56
HET 0.70 -1.64 -7.98 6. 00 1.94 5.63 -3.26
BEBA —4.44 -3.83 1.20 -4.34 3.12 4.86 -5.44
Sy 0.06 -0.96 -4.49 -1.30 6.83 1.51 -1.54

3 AP EHAE K R IR S N R FTERR A PR T, STEkAR O 0. 6277, T 7 Y 1| 4 e 4
2o, P 3 AU BRSO M LSRR RSP Dt XA i P . DR e S %
SR/ T 1, R AR K R S Y 3 B P18y Lt e DCiE 3o 58 g AR Ml AR P AR BRARAE ) K
o WIEE 2RI X, ANy SRR B B RCR A It DX, N AR ARARO0 5 B R 8%

A

ik

- 0.62-0.75 = 0.36~0.39 = 0.18~0.26
= >0.75~0.85 = >0.39~0.66 = >0.26~0.51
=1>0.85~0.91 1 >0.66~0.83 —>0.51~0.81
50.91~0.99 ~>0.83~1.00 >0.81~1.00
0 70 140 km m>1.31~1.45 :>1.00~1.13 =>1.61~2.72 1 >1.00~1.38
— ->1.45-1.78 LIB335 725,00 = >1.38~1.61
(a) HAREN (b) HEF=R0 () KB

ik
m 0.04~0.41

= >0.41~0.63 1. = 0.64~0.69
=1>0.63~0.78 ©>1.26~1.55 = >0.69~0.81
>0.78~1.00 i >1.55~1.71 =1 >0.81~0.84
1.53~1.66 >1.00~1.29 =>1.71~2.42 >0.84~0.88
1 e >129~1.53
(d) AR5 RN (e) ZTFRNL (f) N HARLR

3 mIEMAEYIK BT E R TR S H

Fig.3 Spatial distribution of contribution rates of driving factors for crop water footprint in the Sichuan Basin
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