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Fig. 1 Virtual water flux of different industries in 31 provincial administrative regions of China
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Fig. 2 Evolution of location quotient of different industries in 31 provincial administrative regions of China
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KRG HA A



F2% F 14 BAESARBEFE) 2024 52 A

23 ATk H S R WK IR S B 69 A48

x M

S T UM BRI 2% R 57 Fe A P 5 56
2,8 2007 4F | 2012 4FF1 2017 4448 HATEIX A
)47 oMb 8L 7K B 5 1 5 56 Iy A oMb 198 X A7 7 46 B3k
X, RIMAF A AT (XA B FE 5= 1) 4l
AR, ATl 25 X (KA 7 46 A< 1) R SUL/K i A1
B RATE X E (5 (P) R 72.0%, Jorh, ARt
b G = B EE 2R 80%, HAAT ML Y L 2
K 70%, WL 1. XEWEF 1Tk m R XA

JEZAT L Y R ALK B 1 X, S =2 AR A ATk Y
R K EA X . X E 2007—2012 4EF1 2012—2017
AR PAT B XN TRAT M i K 4 % A2 Ak i 5 1
KEMER, RMFEATIAR A K X (G KR
>0) UK AR &8 R 7, 7l LT R IX (3
KRR E<0) MUK FE RS 28 Ak IE A I L (Py)
KB T1.1%, 3X BEREE 17 Ml LA 0 S50 58 1) e X p
UK F2 R By o B USRI =8 ARS8 /L, T
A7l He A 0 38T o 11 b DX 407K 2 2 3 30 i 1
T /L ol s A RIASERE T

FT 1 2007 £.2012 £ 2017 EEBRITHX ERK RN ST LB KB LD

Tab. 1 Correlation analysis of virtual water flow and industry comparative advantage in provincial administrative regions in 2007, 2012 and 2017

AT ARFA X 3 ATl g IX 3 AL AR HA G R X AL AEH R IX 3K
3l Bl RRUKEH A RBUKMA PY% B/ RBUKEERE N Ry RBUKEERE NI P/%
A KgAK A DX SR /A A DX AR /A

VX el 66 54 27 19 78.5 27 18 35 24 67.7
Tolk 37 30 56 35 69.9 34 25 28 23 77.4
SN2 63 44 30 23 72.0 35 25 27 24 79.0
Ejiw-2= 2 45 36 48 27 67.7 27 16 35 26 67.7
i skl 57 41 36 25 71.0 28 19 34 24 69.4
Ry 46 33 47 29 66.7 31 24 31 21 72.6
SRl 26 14 67 52 71.0 41 27 21 16 69.4
Bl 30 19 63 56 80.6 31 19 31 24 69.4
Feftu i 55l 50 31 43 35 71.0 34 25 28 17 67.7
Ait 420 302 417 301 72.0 288 198 270 199 71.1

PE— 25K Pearson AH ¢ R B0 UEAS 1T\l K& #X
K S R AT M b AR B B AH SRR B, ULIAL 4.
MK A i SR ARG . Aol . HoAt Az 550k X
AN 5 48 5005 X6 ATl K DK 5% A% B 1Y) Pearson A5G
ZHBUr R H-0.67, —0.68 F1—0.71, FEFH H 58 AH &
T A AT Ml DX ASE 7 46 005 %68 7 1) R DK 5 4% 1t 3
I NP EBREAC . MK ERE : RMPCaL
At RO . 4 Rl i 1 K R 8 5505 6 R ATk
JE TR B A0 Ak i ELAT 5 A S s LA AT b K
5565 7 1) R UL A B B 7 A SRS AR G M e 5, (R
REN T AEREAC . E 4 0T DLF AR IX
IR G T 5 X 0 UK e R it . LK% RS
A A S A OEOC R, X BT A7l R
AN, T ALK A SRR, A7l AR kA, U]
JRE AV B R 5 AT Ml P B T R, R K
MR AR AL R R, AT L SR 5, UK % RS AR
/N

A HTUE B B R K R S R S ATl g

8 KEFRBRZTHAA

BB WA DM . FSE L, @ X
B 1, & 2 FEL 3, tn] DLUZ B R . 2002 45
PIAFR B ZR b . PE b AP e b XA R bR g
U NS S T E R B 5 S o e [
VG A VPG R DX A AR M S K i L B %
VTS s T B R A A e Al KA AR
FA 3T B, S SO R 40LK S A B 8 o D>
A AR SRV T 1 X Tl & J8 3 A kb T 4 i KT
HSI AR SR AR 27, X AT ML AR Fb A J5) 76 1 FUA 7K B2
Ty H B A AR50 Hb DX Tl R BB K AT Ak i s S 8
E AR L IR R, dbat, LI ARERW
RIRAR RATBLIX A5 =7l A fE 3 LA R
Hh, H AT R 1 R B A Iz, TR, e
A8 AT B XA — 7™Ml & Joe ik B DUJ B St fin e, 3
T AR fb AE 55 = 77l B UK 57 5 v WA 30k 1% 8 22
TF R IR A AT B X R LA K 1 RS [, S % 42 0%
RIRAR RATEL XK ALK K B RS



rEE, %

P e ph % AL A T R R UK 3 JE B AT

e 4
:&mmw .

Tk 0.01 . WL

skokk
A 0.09 017 FOAS| 4y o 5y
HeEANEH [0.37 —0.16 | 0.44 AEEH

sgiEisgl 0,12 0.02 0.15 —0.07

b A R

e Aol
Hokk

TER AV ~0.09 ~0.11 0.15 0.09 0.13 F0.46 4 i,

11

N

I

Al [0.37) 028 [0.35 042 -0.09 ~0.08 BH 1y -

P —0.01 0.19 0.19 0.16 —0.09 0.03 —0.19 LIRS

HABMRAS L 03 0.32 0.17 ~0.22-0.07 —0.1—0.37

AN T M PR e ek
I I

~1.00 —0.75 —0.50 —0.25 0

025 050 075 1.00

Tl

1

N

NG

(@) FATV XA T8 555 %) 7 HE A /KF5 S 1t 1) Pearson A ¢ R 4L
* R 90% i PEACTAR LR 5 *+ RNl 1d95% B MAOEAG IR ;R Rai i 99% i VA 46

B4 BTWEMKRSERSITIULL ISR Pearson HHXFRH

Fig. 4 Pearson correlation coefficient between virtual water flow pattern of each industry and comparative advantage of the industry

SR B, A7 e B R A OK B R A )R
W F M, Fe— 1Tl A R BUKFEAE AT ML & R A 1T
X [ g X RS o AR U AR DL S, X T A Ao
BIR A B, — 1 P 5 s DX 2 L 21 5 Ao
HA WBMRARAT I A2 b kg™, XK B
AL, AR M X 5 AT BIR A K B IR B ARRAE K
o B IELAT b, A RE R #5E K BT IR B e AN . AR T
AIRFEAK o5 BRI AT Mk RE A5 A 2 Ji, S i IX dsl 2
DRt e R RKF- | Ll AA SR RARSE | 28l iz i 7k
PFAF 2 A BEE SR R E 1Y, K SR AT R R Y
RZ YRS E R Z ), X PRI R BRI, A
f14 L DA K | e BRI AT M BE A A ALK, 3l 1l
A MUK B X, B 22 )RS R LK B A . 4
JEAHT . KA SRR A AT BUX A LA T LA
FEIK . g BT AR A 2 5 M0 <5 Rl A ™ M5
BT 36E A A R K 4 AT B AR K | fFRRRS
IMELAY AR . AL RT, KHE B SE A H A
BRI F S EAT Al A4 R PR B X, Ly A bR A
Wl S AR Rl 5™ ML A 7K 35 Y
FORZES, dbat, RS, Hol B 5g 2
S B REAUK TR A% SR o

H R, VF 2 E 58 ST PR 52 2 X X dlok 22 4
AR , -4 38 o R U0 7K e s ohe figp ke IX S e 7K 1)
AL (HINSR R GR, AR 5 15 i i B 4 2
AR — B IR, R TR SR B B IR TR
HE I = Z5et, R b, R

AR
Ve a-0.62 I

Al
S

AHL 0 006 .ﬂt%ﬂi@%xw
e R L

ol 0.08

*
0 0.11 0 —0.47545@@%%&
sk
0 043 1y i Rz ikl
FEREFIEYOL -0.04 02 0.03 =032 ‘0313;%;@&
ARl 0.03 0.15

Bl

2SEIZ D ~0.14 0.06  0.19

0 0.01 —0.08 _O'IIJ%imFEJk

T
0 0.04 =0.21 0.24 —0.05 0.04 —0.06-0.44 R

HAbMRSS . —0.03-0.02-0.05 0 0.08 —0.09-0.07 0.01 —0.23
NGRSz € 2 Ay

~1.00 —0.75 —0.50 —0.25 0 025 050 075 1.00
(b) B AT 3G B H8 B XL FE KL S i Pearson G 32 4L

HIBAT L ) B AL, RR SRS — K, A
Rl R B F 5 = =, IR ATRE S BER —"
T2 KR XE A B RS2 = =k
THAE, BT AR — L, 5 A BTk |
BOK” GRS, R, ARAEAK . BRI e A AR
B Ml A G M) A JR S R K M X St R DL 7K
RTER A& 1F

3 &g

R FAZK 2 30T AT 2R K 9 R AT 38 4 i 5 R, (H H
T PR SIMIIF 5 B SR XT FSeK b IX R i | K S R
PR — G TCTE A B R, Mk LA S HE /K 5% 5
R, A WEEXT IR [ UK U S A R B PR A TR A
FEAT . A SCHZSA T 2007 4 2012 4FF1 2017 4238 [F
AR . Tolk, @0 #EEF L 38 i
L A fE RO ARl =l HAb AR 550k 9
ATV SIS S5, XF 2002 4E LA A ATV X AL
B R HEAT T R br, e U T 3R E R
PRGBS a5 7l U B AR A e Se R, EELAS
WU

A H R AT AR TR ] R LK 3 A
Ja, BRI R G Rk A BATEIX T £
YER K S A, T AR AR & 38 1) b X BE &2
= HE ALK X, K R IR AR I A E 5 R UK I B A%
Jei 13 TC B G G HE

A% 2002—2017 4F 4547l X A 7 AN K

KRB ZHAA 9



£22% B 18 #AARE S AKA RS CEESO

2024 4 2 A

B2 B 2002 4F LAE TR [ AR AL . 78 A6 A7 R b XY
AP LA 3R Y, H3 R o B AP AR
T b DX R Tl & JRR A T 5 v KO, (EE A SR 1
s ALt R, Ll JTARERT R IBEHAT
DB = M 8 R B T AT R A TSR, WL I
VU A48 AT IBCIX S =7 b & Rk B 0 B g 2 7
T [ 45 b X R K I s A Jm S ATl A H B
A B LAY AE EE, 2002—2017 AEFFS AT 3 X K
PIACK i, A7 M2 3R LA i AR 18 48 AT L
DXECE R 72.0%, FF A AT A B K X 0L
KR AR R A, AT M A AT B X DK e B 72
At R 1 48 AT B X B (R 71.1%, X R
R A7 M i LK A A1 DAL AT LA P 3 1 i X ) AN
HA& WS X 7%, AT e i i 2s 2
SEOERUKFE RS & B BN kA . i — 22 R
Pearson ¢ R FUIGUE & B, 4547 K 01K 3 sl 4% Jm)
Sk AR S B AH O A B AR R EE DA L

S35 30Hk:

[1] ALLAN J A. Fortunately there are substitutes for wa-
ter: otherwise our hydro-political futures would be im-
possible[J]. Priorities for Water Resources Alloca-
tion and Management, 1993, 13(4): 26.

(2] WRHTEEY, ZE0H, R, A5 RIFETUILHIX K
VER 52 5 % X K e P [0 kAL 5 7KOR R
2 (hFE0), 2020, 18(1): 82-97. DOL: 10.13476/j.cn-
ki.nsbdqk.2020.0010.

(3] FEFEWR. MERIK: K S 22 4 s i 7 S8 % L]
[ B2 B B i, 2003, 18(4): 260-265. DOL: 10.
16418/j.issn.1000-3045.2003.04.006.

(4] Ll s ay, woe g, S5 MUK IS A i K
FHRT S 2R (T]. B KL S5 K R B (95 50),
2020,18(2):44-61.DOI:10.13476/j.cnki.nsbdgk.2020.
0026.

[5] HOEKSTRA A Y. Virtual water trade: proceedings of
the international expert meeting on virtual water
trade[R]. Netherlands: UNESCO-IHE, 2003.

(6] TR IR, ARSI, FERAR. MUK BB L], vkl
7R, 2013, 35(2):490-495. DOLI: 10.7522/j.issn.1000-
0240.2013.0058.

(7] Jezte, XRILesk, &0, 55, K5 7K 2 78 bR s 2
SRTHFFE R LT KA K BB 05T B,
2015.

[8] FENG K, HUBACEK K. A multi-region input-output
analysis of global virtual water flows[M]. Chel-
tenham: Edward Elgar Publishing, 2015.

(9] MIBYR, whfd, XU BT HA T BB BRI

10 KERFZHAA

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

K B S HE 43 B 5 R A% 3 LT OB,

2021(6): 144-152.
Walster, SRR, o, A5, b EDR 8 £ R) it A
XK B IE g2 (0], Flk Rk, 2022, 39(8):
1686-1697. DOI: 10.11829/j.issn.1001-0629.2021-
0441.
JIANG Y, CAI W, DU P, et al. Virtual water in inter-
provincial trade with implications for China's water
policy[J]. Journal of Cleaner Production, 2015,
87(1): 655-665. DOI: 10.1016/j.jclepro.2014.10.074.
ZHAO H, QU S, GUO S, et al. Virtual water scarci-
ty risk to global trade under climate change[J]. Jour-
nal of Cleaner Production, 2019, 230(1): 1013-1026.
DOI: 10.1016/j.jclepro.2019.05.114.
GRAHAM N T, HEJAZI M 1, KIM S H, et al. Fu-
ture changes in the trading of virtual water[J]. Na-
ture Communications, 2020, 3632(11): 1-7. DOI: 10.
1038/s41467-020-17400-4.
LT, SR, SRR, A R A S 2
SR K- BL K RS A I Bl B A AR 5 3K 8 ) 4y
Hr (0] K FI44H, 2020, 51(9): 1059-1069. DOL: 10.
13243/j.cnki.slxb.20200336.
JIA S, LONG Q, LIU W. The fallacious strategy of
virtual water trade[J]. International Journal of Water
Resources Development, 2017, 33(2): 340-347.
DOI: 10.1080/07900627.2016.1180591.
Bt R . KEADUK Sl i 28 0 g R L33t
1 — A BT HEZR (D). & U522 5%, 2008(5): 39-47.
DOI: 10.16158/j.cnki.51-1312/£.2008.05.014.
Jel g DX sl 1) R UK 52 S 1) A S B SR A 4y
Friol. AR #9, 2010, 32(11): 65-67. DOI: 10.
3969/j.issn.1000-1379.2010.11.029.
ZEAR. BT UK BE Y XU K S5 Ak [D].
P MR, 2015.
AR, B K, REE AL AT TR AR 2%
R 5 e 1 1. AR TEIE ], 2014,
29(2): 355-364. DOI: 10.11849/zrzyxb.2014.02.017.
ZRM, IMEH, B, & P ESTHE ST UK
B SRR [T]. FKAC I S5 KRR (e
30), 2023, 21(1): 76-86. DOI: 10.13476/j.cnki.nsb-
dgk.2023.0009.
SRR, XUEE, XIS, 45, BT s iyl 7 X
B T 25 U ML S R G 0 B s 2 e (0L BRI R,
2011, 33(5): 863-870.
VEAH . BE T DXL RS 48 BB A A 1 55 I B8 5
B0 gt 5 e e, 2016(11): 63-65. DOL: 10.
13546/j.cnki.jyjc.2016.11.017.
2R, WS . LR RS AL A
TR L FO A 0 o B (0], AR LR A
2011(9):39-40,119.


https://doi.org/10.13476/j.cnki.nsbdqk.2020.0010
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0010
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0010
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0010
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0010
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0010
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0010
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0010
https://doi.org/10.16418/j.issn.1000-3045.2003.04.006
https://doi.org/10.16418/j.issn.1000-3045.2003.04.006
https://doi.org/10.16418/j.issn.1000-3045.2003.04.006
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0026
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0026
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0026
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0026
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0026
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0026
https://doi.org/10.13476/j.cnki.nsbdqk.2020.0026
https://doi.org/10.7522/j.issn.1000-0240.2013.0058
https://doi.org/10.7522/j.issn.1000-0240.2013.0058
https://doi.org/10.7522/j.issn.1000-0240.2013.0058
https://doi.org/10.7522/j.issn.1000-0240.2013.0058
https://doi.org/10.11829/j.issn.1001-0629.2021-0441
https://doi.org/10.11829/j.issn.1001-0629.2021-0441
https://doi.org/10.11829/j.issn.1001-0629.2021-0441
https://doi.org/10.1016/j.jclepro.2014.10.074
https://doi.org/10.1016/j.jclepro.2014.10.074
https://doi.org/10.1016/j.jclepro.2019.05.114
https://doi.org/10.1016/j.jclepro.2019.05.114
https://doi.org/10.1016/j.jclepro.2019.05.114
https://doi.org/10.1038/s41467-020-17400-4
https://doi.org/10.1038/s41467-020-17400-4
https://doi.org/10.1038/s41467-020-17400-4
https://doi.org/10.1038/s41467-020-17400-4
https://doi.org/10.13243/j.cnki.slxb.20200336
https://doi.org/10.13243/j.cnki.slxb.20200336
https://doi.org/10.13243/j.cnki.slxb.20200336
https://doi.org/10.1080/07900627.2016.1180591
https://doi.org/10.1080/07900627.2016.1180591
https://doi.org/10.1080/07900627.2016.1180591
https://doi.org/10.16158/j.cnki.51-1312/f.2008.05.014
https://doi.org/10.16158/j.cnki.51-1312/f.2008.05.014
https://doi.org/10.3969/j.issn.1000-1379.2010.11.029
https://doi.org/10.3969/j.issn.1000-1379.2010.11.029
https://doi.org/10.3969/j.issn.1000-1379.2010.11.029
https://doi.org/10.11849/zrzyxb.2014.02.017
https://doi.org/10.11849/zrzyxb.2014.02.017
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0009
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0009
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0009
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0009
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0009
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0009
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0009
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0009
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0009
https://doi.org/10.13546/j.cnki.tjyjc.2016.11.017
https://doi.org/10.13546/j.cnki.tjyjc.2016.11.017
https://doi.org/10.13546/j.cnki.tjyjc.2016.11.017

fE%E, % ERES A TR EE AR EH 7

[24] R0, & E UK S K R R I FE TR Beijing, China[J]. Water Research, 2018, 129: 264-
RERY R SR8 (I, T, 2015, 21(5): 30-34. 276. DOI: 10.1016/j.watres.2017.11.036.
DOI: 10.13939/j.cnki.zgsc.2015.21.030. (27] & e, AR, SE/0 R FE T4 AR A Y T

[25] % 5. FRIETE PRANPREE X 22 55 48 1 skl 22 (7] 1 LA ST ACRAIE S 5 K OCBE IR [T]. /4=
NSRS 4l (RE xRl ), 2012, 39(3): 51-57. A4, 2022, 42(24): 10150-10163. DOL: 10.5846/
DOI: 10.13734/j.cnki.1000-5315.2012.03.021. stxb202111113173.

[26] YE Q, LI Y, ZHUO L, et al. Optimal allocation of [28] GRAFTON R Q, WILLIAMS J, PERRY C J, et al.
physical water resources integrated with virtual wa- The paradox of irrigation efficiency [J]. Science, 2018,
ter trade in water scarce regions: A case study for 361(6404): 748-750. DOI: 10.1126/science.aat9314.

Attribution analysis of virtual water flow in China from the perspective of
comparative advantage

HE Guohua, ZHAO Yong, QIN Changhai, LI Wei, JIANG Shan, LI Wenqing

( State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin, China Institute of Water Resources and Hydropower Research,
Beijing 100038, China )

Abstract: In the 1990s, British scholar Allan introduced the concept of virtual water to quantify the water resources
consumed in economic activities. Water-scarce countries procure water-intensive products through commerce to
ensure supply and water security. With worldwide conferences and forums debating it extensively, virtual water
research has acquired at traction. Database searches reveal a total of 29,471 domestic and international research
papers on virtual water, showing a consistent growth trend. However, the applicability of virtual water strategy
varies across water-scarce regions, leading to debates over its effectiveness. Rooted in the theory of comparative
advantage, virtual water strategy overlooks multifaceted influences. Currently, the predominant body of research is
centered around the calculation of scale and analysis of characteristics related to virtual water transfer. However, the
driving causes of virtual water transfer remain conspicuously scarce.

Incorporated the theory of comparative advantage, the scientific validity and effectiveness of virtual water
research were heightened. The virtual water flow patterns of agriculture, forestry, animal husbandry, fishery,
industry, construction, wholesale and retail, transportation, accommodation, and catering sectors across Chinese
provinces in 2007, 2012 and 2017 were analyzed. Metrics such as the location quotient and growth quotient index
were employed to establish the quantitative relationship between the pattern of virtual water flow and industrial
comparative advantage.

The results showed that the virtual water flow pattern in China was closely related to the industrial comparative
advantage. The location quotient index can explain 72% of China’s virtual water transfer volume, while the growth
quotient index substantiates 71% of China ’s virtual water transfer change volume. The location and growth
quotients of different industries are negatively correlated with the corresponding virtual water transfer volume and
virtual water transfer change volume. This shows that virtual water associated with a specific industry
predominantly relocates from regions boasting comparative advantages to those devoid of such advantages, and the
speed of industry development may lead to a corresponding change in the magnitude of virtual water transfer.

The prerequisites for implementing virtual water strategies are identified and the scientific value of virtual water
research is discussed. The valuable insights into the driving causes of virtual water transfer are also provided and the
development of virtual water strategies in China can be informed. By understanding the correlation between virtual
water flow patterns and industrial comparative advantage, policymakers can make informed decisions to promote
sustainable water resource management.

Key words: virtual water strategy; industrial comparative advantage; relevance; growth quotient; location quotient
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