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Abstract: Critical geographical mismatch between limited water availability and increasing demand brings tremendous
challenges to ensuring sustainable food and energy security in China. Most previous studies measuring the spatial
mismatching characteristics are based on one paired nexus as food-water or energy-water, yet few have characterized the
spatial-temporal variations of FEW nexus inequality and further investigated the hidden drivers under a unified system
boundary when involving all the three subsystems. From a nexus perspective, the quantitative analysis of the inequality
pattern and evolving trend would provide the sound basis for appropriate allocation and coordinated management of water-
energy-food resources. Therefore, this study systematically calculated the blue water footprint of food (rice, wheat, maize,
beans and tubers) and main water-consumptive energy (raw coal, crude oil, natural gas, thermal power generation )
production in 30 provinces of mainland China during 2000—2019, aiming to characterize the inequality against water

availability at both the national and regional scales, by combing the Gini coefficient and unbalanced index. Additionally,
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the driving forces in view of resources endowment and production structure were also identified. The results showed that .
(1) the Gini coefficient of food-water nexus was always kept around 0.35 over the last two decades, while that for energy-
water nexus was higher with a U-shaped symmetrical change ( G=0.43—0.62), manifesting a greater spatial inequality
between energy production and water availability at the national scale. In terms of different resource types, rice, as the
water-intensive crop, performed best, compared with wheat, corn, raw coal and thermal power. (2) the food-water nexus
and energy-water nexus both presented type- I inequality in northern regions, which has extended westward from the
northern and eastern coastal regions during the concern period, compared with type-Il in southern regions. Typically,
Heilongjiang converted from significant type- I inequality to low type-Il. (3) changes in water availability and rice
production transfer to the north were the main causes of changes in food-water nexus inequality. While it was mainly due to
the westward development of thermal power industries with regard to changes in energy-water nexus inequality, except for
the greater impact by crude oil reduction in Heilongjiang province. (4) the spatial relationship of food-water resources was
mainly affected by crop properties, economic benefits and agricultural policies, while it turned to fossil fuel reserves,
economic disparities and environmental policies in terms of energy-water resources. Results obtained in this study could shed
light on water-energy-food resources management, by strengthening general plan, optimizing spatial distribution,

accelerating industrial restructuring, improving water use efficiency, and enhancing regional cooperation.

Key Words: water-energy-food ; resources inequality; Gini coefficient; unbalanced index; driving forces
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Table 1 Water quota for agriculture production in 30 provinces of mainland China

Hh REaY INFE Fok [FES E =S pliiFes Liit¥ia Bk i JRAR Fifts
Provinces Rice Wheat Maize Beans Tubers 0il Cotton Sugar  Vegetables  Melons Others
E|#738 1650 2850 450 1650 1650 1650 1650 1650 5850 1650 1650
K 8550 2025 2025 2025 2025 5925 5925 5925 5925 5925 5925
L 4987.5 2850 1125 600 1650 975 1650 1650 3750 3750 1650
1LFg 5000 1650 1500 900 1425 1200 1800 1800 2100 1000 900
M5 7500 2100 1600 1100 1200 2150 1500 3200 2300 2000 2000
SR 7440 2775 1605 1500 1800 1650 1695 2880 1830 1830 2100
bk 8000 2050 1600 1300 1550 1400 1500 1500 4000 1800 300
Ly AR 4800 920 990 936 1000 1000 — 1000 1000 800 1000
1 9150 1800 2250 1700 2200 750 2000 2000 900 2000 2800
H 8400 1125 1050 975 1170 1050 1050 1050 1260 1260 1500
Wil 5370 675 600 450 600 562.5 1155 4500 1200 1260 5100
TR 3165 1005 1005 1005 1206 750 1005 2848 900 1395 900
bicyz: 4350 2700 750 1350 2025 2025 2025 3150 3225 525 1800
AN} 3930 330 1725 810 1215 915 1725 4890 1650 930 6000
7R 6690 3480 1350 1545 1860 675 2325 4500 2100 1800 1200
bl 6345 1875 1470 1275 750 1350 1575 4290 2490 1725 1500
e 5970 750 1545 1095 915 1020 1560 4290 1650 1650 1725
Wr 3600 675 825 660 690 1050 615 2250 2880 2880 1230
"R 5475 — 2025 2220 2145 1935 — 5475 2820 2820 1800
L] 4470 2310 1470 1350 1440 1200 1110 3150 3000 1725 1650
jia3s] 7890 — 1500 1500 1500 1500 — 2910 2040 2040 2000
GiN 6150 975 825 825 570 825 1875 3825 3000 3000 1200
)i 3450 600 450 450 300 495 600 750 900 600 450
S 3800 700 950 800 650 1050 800 650 1100 1100 650
= 3675 2700 1875 2000 975 2625 3500 4800 3975 3225 1500
i} 6750 1350 1125 1125 1125 1125 1350 1350 3450 3000 750
Hift 11400 5325 6600 5100 4200 4800 4200 4800 6450 5100 5250
T — 3300 3300 2700 1650 2700 — — 6000 6000 2700
TH 12450 4650 4500 2400 2400 3750 — 3750 6450 2850 2400
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F2 BHEEREEFBAEK R (L) 2000 412019 4F R )
Table 2 The unit blue water footprint for energy production in 30 provinces of mainland China (2000 & 2019)
2000 2019
. FAURR RMGEE  IORR RRURR OO mORR RAMRE RWER RBURR L b
Provinces Ré\\’lcoal Raw .coal Crude' ol Nalur# gas power Ra'w'coal Raw lcoal Crude‘ oil Natural' gas pover
mining/ washing/ extraction/  extraction/ . mining/ washing/ extraction/  extraction/ .
) @ v @ Sy vy e ey e
(m”/MWh) (m”/MWh)
Je 1.32 0.15 — — 6.85 0.5 0.15 — — 0.9
Rt — — 2.5 4.4 2.53 — — 2.5 4.4 2.53
bR 1 3 0.9 4.18 5.25 0.6 0.1 0.675 4.18 2.75
K] 0.3 0.12 — 4.4 3.8 0.225 0.08 — 4.4 2.88
ZES 0.9 2.5 1.1 0.2 3.8 0.225 0.11 1.1 0.2 221
L 0.065 0.15 3 2 55 0.375 0.08 1.65 1.15 275
A 1.2 1.2 3.1 5 3.84 0.475 0.1 5 45 1.32
Ly RIN 2 0.75 9 2.6 9 0.5 0.75 5.5 2.6 2.75
iy — — 4 2 3.84 — — 4 2 2.325
1T 1 0.3 6 2 6.6 0.75 0.15 4 2 2.21
WL 0.5 0.15 — — 8.5 0.5 0.15 — — 2.75
EH 0.75 0.65 — — 4 0.4 0.15 — — 275
ey 0.8 2.5 — — 10 0.25 2.5 — — 275
PN 2.5 2.5 — — 3.84 0.425 0.255 — — 275
W7 0.36 0.13 0.8 2 3 0.36 0.1 0.8 2 2.45
TR 0.45 0.2 3.1 0.2 3 0.35 0.065 3.1 0.2 1.5
ik 0.43 0.4 4 0.2 3.84 0.43 0.4 4 0.2 2.75
L] 3 1 — — 4 0.3 0.4 — — 275
IR 2.25 0.7 4 2 3.84 1.8 0.7 4 2 2.75
I 0.35 0.14 8 - 3.84 0.35 0.14 8 — 275
635 — 0.3 6 2 3.84 — 0.3 6 2 2.75
N 1.2 0.116 — 2 3.8 0.85 0.0825 — 2 2.2
il 1.6 1 13 4.46 3.84 0.6 0.11 3.5 2.5 2.75
FM 0.8 0.4 — 5 3.84 0.45 0.125 — 45 2.45
=W 1 0.8 — — 3.84 0.7 0.4 — — 275
(5] 0.9 0.9 4 0.25 3.8 0.2 0.12 35 0.25 2.75
Hl 0.4 0.2 5 0.2 5.8 0.3 0.125 22 0.15 275
it 1.5 0.15 45 0.1 45 0.3 0.125 1.75 0.15 275
TH 0.7 1 1.5 — 3.84 0.275 0.1 1.5 — 2.69
Wi 0.31 0.18 1.05 0.25 3.89 0.142 0.0825 1.05 0.25 2.2
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Table 3 Inequal level according to unbalanced index

RIFi6 % i K 5 L AT 15 fit K P ESL
Unbalanced index Matching level Definition Unbalanced index Matching level Definition
<=0.06 - [T BAA A 7= G 0.02—0.04 i%- 1 BRI Y]
-0.06—-0.04 rh I AL A T KRR 0.04—0.06 - T R TR R
-0.04—-0.02 - T HAS TR FARE >0.06 - T B FARE
-0.02—0.02 UM

T AT R AN ROHEA T 20k, T MG S TR £ - RE R A 7™ 235 4 W 7 T A BT 454 S T 2 AL RO UK Bl T &
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B, B R A Xanr

AU = UF” - UFY
WE(E) /Y, WF(E), = Wo/ X, Wy WE(E),/ Y WF(E), =W,/ W,
i n i n
2 WE(E) /3 WE(E), = Wo/ 2 Wo X WF(E) /X, WF(E), =W,/ X W, (11)
) 3 - 3
WE(E) /Y, WE(E), = WF(E) /Y, WE(E), W,/ W,=W/> W,
"2 ’ ' ’

MR- PS5 AR
WF(E) /Y, WF(E), - WF(E),/ Y WF(E),

12
]. > (12)

Wu/z iWil - Wiz/z ; WiZ
No
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Fig.1 Matching degree of freshwater resources against blue water footprint of grains and energy production during 2000—2019 in China
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2011 4[] 2 F 5 B MR A 225 2000 4EARTRI K o 98 = R 52 BUR 5 285 & RS2 ), K Ha, i 7K 2 300 B
O ER G M PR Bk X A 3 . BAKT S L2001 AEFRE A S H LU (WTO) 5, 25 B v v i X G 15
HFROL A Hb ) B 28 55 FER R SE A2 15, SR e R R 2 L ) SRR L, I A R K O A5 kL Y
WK FO [ B O L X RS, 2012 AFSE R /AR RUE , B B ARG AT R A A9 0 BE 4 3l K B AT b e, 54
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