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Assessment of Agricultural Water Sustainability Based on
3D Water Footprint Model
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Abstract; To explore the sustainable status of agricultural water withdrawal in China, the spatial and
temporal changes of agricultural water use in 31 provincial administrative regions from 1998 to 2020 were
calculated and analyzed, at the perspective of freshwater resources as a key natural capital, which
combining 3D water footprint, downscaled planetary boundaries and decoupling analysis. The results
showed that the overall agricultural water withdrawal in China was good, but the sustainable status of
regional agricultural water withdrawal varied greatly. The contradiction between water supply and demand
was more prominent in North China, East China and Northwest China, where precipitation was low or
social and economic water withdrawal was high, while the sustainable situation of water resources in
Southwest China and South China, where precipitation is abundant, was better. Under the influence of
residents’ increasing awareness of water conservation and policy constraints, agricultural water
sustainability in Beijing, Hebei, Shanxi, and Shanghai was becoming better; under the influence of large
inter-annual differences in precipitation and changes in the proportion of agricultural water use,
agricultural water sustainability in Liaoning, Jiangsu, Shandong, Henan, and Gansu was abruptly
changing, and there was no obvious pattern of change in the occupancy relationship between stocks and
flows. Zhejiang showed the best performance of agricultural water — economy relationship, while Beijing
showed the opposite; the worst type of agricultural water — economy 6 emerged in Beijing and Shanghai
frequently after 2014. The contradiction between economic development and resources environment was
becoming more and more severe. The research results can provide reference for agricultural water use and
plantation planning.

Key words: 3D water footprint; sustainable water use in agriculture; planetary boundaries; decoupling

analysis
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Fig. 1  Schematic of research ideas
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and its classification
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Fig.4 Relationship between depth and size of water footprint in each province
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Fig.6 Hotspot map of regional agricultural water — economic nexus changes

T M DR B L 5 1 A ol 2 7 AR 1) 7K
WURBLEA T G o b7 KRR RS 32X
(Bl P& AL KR BE K TR, AL F
JEC 2 r ] T ARG S A 7 M T b BT K e
A F N 577K 9 58 Ak 40 3256 T R 2 DA R K e ke
B PEAEHBIX A2 o 42 109% Bk 95 U o A
T A 12% WRE AR AL FURR 9 1 0 T o
AR 0 ARl k2R B 2 R 43 2 S R,
b3 X R PR SR A 22, i L e h AR AR AR L b
DX R AR I 22 o S bR g BN LU R A 4
S % FE St UL (D A X K R R I, TR R
PR S5 4, DAk X 38R W0 4 1 9 0 308 O 4 K 14 R 817K 57
Ty S WA 7K 3 A AR $ A SR 1 SR R A ol A
FIK AT ER B . @)% R A4l 5 7K H A Fi 42 v v
TR AS B K P , 45 T8 I K R 2R 0 A AR LS BE
DX 3 4 L 7K R 5 20 % ok 1) B B 4 5 R TS R
PRI 5 22 1% % e 1) 14 FLPEDR 8

4 #Hit

(1) A ol T K B A B B AT R 2R 2 Rl

(1]

AEB KRBT HE R 2.96 x 10" m? 4Rl K 9 U R
FAAR T R8240 G A7 B IX 1B 40 A7 T2 db 4B AR
PG b b X, X3k 7K 9% U5 R 2 RE g BN, Al E R T
KR KRBT R KA RATH X EE
AT AR R RV e b DX, B AR R E TR K R R
T AEE K % U A 3R T B K, AR Ml K B U R AT R
LR

(2) v B Al K 55 5 2 A R AR FEAE 50% ~60%
LT (E =2 B e R Eo b A 0 W s N SR R S S P 7
K VR B 7 2 S R B (] AR AR A R, A ]
B2 T TR N RN I N N 5 = A W N9 N U DT
2 8 N AT LX) AR Ml 7K VR AL A Y B AR R A
TR AT R RN B AR A K R IR AT B R
B, AT RR S AR OB 22 s I ) A0 A b, ARk AR AR
VUL b DX A A b K 3 T R LA B R AR Ak

(3) AR 7K —28 5 2 AU 43 B & B, A b b X 8 {4
P IK—2 35 K R 22, P A b AR AR R b b X
A A K —2 5 2 R A2 . L HUR LI AE 2014 4
Ja AR K~ 2 B R AR 2 gl 2B 7= 5 A 28 IR B ) 56

BUPH. AR BEAAL ST M S ] S e e B —— 2 T A EBORSLBIBT [ ]. A EE LR, 2022,35(2) 4 - 11



294

PSS A1 M | = O 14 2023 4

[2]
[3]
(4]

[5]

[6]

[7]

(8]

[9]

[11]

[12]

[13]

[17]
(18]

[19]
[20]
[21]

[22]

[24]

[25]

ZHAO Yang. Natural capital accounting promotes sustainable transformation—based on the case study of national policies[ J].
Natural Resource Economics of China, 2022, 35(2): 4 —11. (in Chinese)
DALY H E. Beyond growth: the economics of sustainable development| M ]. Boston: Beacon Press, 1996 253.
ARAER. KB IR AR (2020) [ M. JE5T KK AL Mk, 2021
MEKONNEN M M, HOEKSTRA A Y. Sustainability of the blue water footprint of crops[ J]. Advances in Water Resources,
2020, 143 103679.
PG EAN, R, . ETARERN A EARNADKRBCREM[T]. £l TR, 2018, 34(5): 1 -8.
CAO Xinchun, REN Jie, WU Mengyang, et al. Assessing agricultural water use effect of China based on water footprint
framework[ J]. Transactions of the CSAE,2018, 34(5): 1 —8. (iin Chinese)
SRS A PG A BERTEERL A N SN L A KRB A AT LT ] A BUB AR, 2021, 52(12) : 358 - 367.
FENG Bianbian, ZHUO La, YANG Xi, et al. Water footprint analysis of wheat and derived products based on supply-chain
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2021, 52(12) : 358 —=367. (in Chinese)
AL, A AR A B N A K R I AL SR [T] . OB R, 2019, 50(9) ¢ 264 -271.
ZHUO La, WANG Wei, FENG Bianbian, et al. Water footprint accounting and evaluation for wheat production in Yellow River
Basin[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2019, 50(9) : 264 —271. (iin Chinese)
XU, AETIG AP, 4. IRV AR R I 28 2 A LR S PR A [T 1. ALz, 2020, 51(8) : 214 -222.
LIU Wei, LI Yuqing, FU Qiang, et al. Spatial and temporal distributions of crop water footprint and its influence factors
analysis in Heilongjiang Province[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2020, 51(8) . 214 -
222. (in Chinese)
TR BUIGEIR P S X e DX/ N AR R I 28 AR AR AE S U PR 04 [T ] R4, 2017, 48(12) » 269 -277.
FENG Dongpu, WEI Xiaomei, JJIANG Ya’nan. Temporal and spatial variation characteristics and attribution analysis of wheat
water footprint in Baojixia Irrigation Area, China[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2017,
48(12) : 269 —277. (in Chinese)
M, AR  JRERR 55, SR THRIR B0 R AR A K R TR EET ST ] WERHRK 24, 2017, 36(11) ¢ 19 -24.
WU Nan, ZHENG Yalian, LUAN Yajun et al. Calculating water footprint of rice production based on experimental data[ J].
Journal of Irrigation and Drainage, 2017, 36(11): 19 —24. (in Chinese)
HOEKSTRA A Y. Human appropriation of natural capital; a comparison of ecological footprint and water footprint analysis[ J].
Ecological Economics, 2009, 68(7): 1963 —1974.
JEVER L. kT = 4 Ji 300 G o 2 AR BE IR BRBE e ) SO BR G i WF s [ D] A A B Tolk K%, 2019.
ZHOU Yinshuang. Research on resource and environment pressure and its driving forces in Anhui Province based on three-
dimensional footprint family[ D]. Hefei: Hefei University of Technology, 2019. (in Chinese)
B RE Y. T 4R KGN R A B R B MR — U R = MAESR 6 AR BRI X FI[D]. [ LI
WK, 2021.
BAO Yanni. Research on the resource and environment carrying capacity based on the three-dimensional footprint family[ D].
Shanghai: Shanghai Normal University, 2021. (in Chinese)
FANG K, ZHANG Q, YU H, et al. Sustainability of the use of natural capital in a city; measuring the size and depth of urban
ecological and water footprints[ J]. Science of the Total Environment, 2018, 631 —632. 476 —484.
REME, JE AR T =4k R i~ LMDI (22 808 /K BT ) e 3R 3 i 2 [T, K L ARpid iz, 2019, 39(5) : 194 -203.
XIONG Hongbin, ZHOU Yinshuang. An analysis of water resources pressure and driving forces in Anhui Province based on
LMDI — three-dimensional water footprint model[ J]. Bulletin of Soil and Water Conservation, 2019, 39(5) : 194 —203. (in
Chinese)
FALKENMARK M, WANG-ERLANDSSON L, ROCKSTROM J. Understanding of water resilience in the Anthropocene| ] ].
Journal of Hydrology X, 2019, 2. 100009.
ROCKSTROM J, STEFFEN W, NOONE K, et al. A safe operating space for humanity[ J]. Nature, 2009, 461(7263) : 472 —475.
STEFFEN W, RICHARDSON K, ROCKSTRON J, et al. Planetary boundaries: guiding human development on a changing
planet[ J]. Science, 2015, 347(6223) . 1259855.
HUANG J, RIDOUTT B G, SUN Z, et al. Balancing food production within the planetary water boundary[ J]. Journal of
Cleaner Production, 2020, 253 119900.
DONG H, FENG Z, YANG Y, et al. Sustainability assessment of critical natural capital: a case study of water resources in
Qinghai Province, China[J]. Journal of Cleaner Production, 2021, 286, 125532.
LI M, WIEDMANN T, LIU J, et al. Exploring consumption-based planetary boundary indicators: an absolute water
footprinting assessment of Chinese provinces and cities[ J]. Water Research, 2020, 184 116163.
LUCAS P L, WILTING H C, HOF A F, et al. Allocating planetary boundaries to large economies: distributional consequences
of alternative perspectives on distributive fairness[ J]. Global Environmental Change, 2020, 60 102017.
FANG K, HEIJUNGS R, De SNOO G R. Understanding the complementary linkages between environmental footprints and
planetary boundaries in a footprint-boundary environmental sustainability assessment framework [ J]. Ecological Economics,
2015, 114. 218 -226.
FANG K, HEIJUNGS R, DUAN Z, et al. The environmental sustainability of nations: benchmarking the carbon, water and
land footprints against allocated planetary boundaries[ J]. Sustainability, 2015, 7(8): 11285 — 11305.
HOEKSTRA A Y, CHAPAGAIN A K, ALDAVA M M, et al. The water footprint assessment manual; setting the global
standard[ M ]. Taylor and Francis, 2011.



%13

EEF . T KO AR R ROl K R R 2 P A 295

[26]

[27]

BOGARDI J J, FEKETE B M, VOROSMARTY C J. Planetary boundaries revisited: a view through the ‘water lens’ [J].
Current Opinion in Environmental Sustainability, 2013, 5(6) . 581 —589.

KR ET, EREF RILEFHKERESETF R ACREE LK BRI KFKE A, 2021,
52(12): 47 -59.

ZHANG Lingling, CHE Li, WANG Zongzhi, et al. Study on evolution and driving factors of relationship between water
pollution and economic decoupling in Yangtze River Economic Zone[ J]. Water Resources and Hydropower Engineering,2021 ,
52(12): 47 -=59. (in Chinese)

BrimR. iR BEIRAUKIRE R AT 2k e (1], RBEIAY, 2003, 19(1) : 21 -24.

RUAN Renliang. Sustainable development of water resources and water environment in Shanghai City[ J]. Water Resources
Protection, 2003, 19(1): 21 —24. (in Chinese)

T ), R R E AP SUEIT M X B RAEY A K RIS [T]. KPR, 2018, 34(2); 22 -27.

WANG Qinqgin, LIU Junguo, ZHAO Dandan. Study on water footprint of main crop production in Jing — Jin — Ji Region[]J].
Water Resources Protection, 2018, 34(2) : 22 —27. (in Chinese)

EEFE R, A, W XOKEIRS a2 R RFTLIT]. hETRER, 2019, 21(5) : 38 -44.
WANG Yubao, LIU Xian, SHI Lijie, et al. Sustainable development of water resources and food security in Northwest China
[J]. Strategic Study of CAE, 2019, 21(5) : 38 —44. (in Chinese)

KGR, K ERTL 2 , A R A T VT AL KR K IR e Ax R SRR T]. T E LR R, 2022,24(1)
131 - 140.

ZHANG Jiaxin, DENG Mingjiang, LI Peng,et al. Security pattern and regulation of agricultural water resources in Northwest
China from the perspective of virtual water flow[ J]. Strategic Study of CAE, 2022,24(1) :131 - 140. (in Chinese)

(L#EE 126 TT)

[15]

[16]
(17]

(18]

[19]

[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]

BB, AT R AR S VR T 200 21 BURR 1 AN S K RS2 [ T] . AL LA 2 4] ,2006,37 (12) 162 - 66.
LUO Xiwen, LI Jiuvhao,ZHU Yugqing,et al. Effect of tillage methods on soil physical properties and moisture content of latosol
[J]. Transactions of the Chinese Society for Agricultural Machinery,2006,37(12) :62 —66. (in Chinese)

A IR e ML et B ROl A, 2010.

BB, XIFEIT  ERk, 55 03 250 T DS LGB IR R T S [T ] Al LA 4R ,2021,52(8) :27 - 39.

LU Jinging, LIU Qihui, YANG Deqiu, et al. Design and test of key components of ploughshare potato field cultivator in sandy
loam[ J]. Transactions of the Chinese Society for Agricultural Machinery,2021,52(8) :27 - 39. (in Chinese)

XU SRIT AL B R, A5 /N 3R AT SRR A BIL A A e R g R R R RS 28 B AT [T ] Ak BLAR 2 4, 2021 ,52 (1) ¢
40 -48,77.

LIU Hai,ZHANG Qingsong, LIAO Yitao,et al. Design of plow-rotary and roll-forming revetment style seed bed ridging device of
combined precision seeder for Brassica chinensis[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2021,
52(11) ;40 =48 ,77. (in Chinese)

PNSCUE ARG AT R, 4. K B i R SO s LG B AR ki i SR [T ] AR MU 24 4% ,2022,53 (1) :50 - 62.

SUN Wenfeng, FU Tianpeng, HE Yue,et al. Design and test on key components of strip compound ground preparation machine
in paddy field[ J]. Transactions of the Chinese Society for Agricultural Machinery,2022,53(1) :50 —62. (in Chinese)

o Al U AL RE 223 5 B - A MUR T 1) [M] . b s op B 4R BUARE 3 i 4, 2007

BB, RN, XIS, L AL A U SR AR L AR AR B T S [T ] R ALK A R ,2020,51(6) 238 - 46.
WEI Guoliang,ZHANG Qingsong, LIU Lichao, et al. Design and experiment of plowing and rotary tillage buckle device for
rapeseed direct seeder[ J]. Transactions of the Chinese Society for Agricultural Machinery,2020,51(6) :38 —46. (iin Chinese)
TR = Al RV ORAE b U SR BT R B R BRI [ D] G AR AR AR L R 54 ,2018.

XU Yuan. Three-directional adjustable V-type soil-covered roller design and research on anti-sticky technology [ D ]. Harbin
Northeast Agricultural University,2018. (in Chinese)

UL TR, EOCH, A, S R e BUR AR B 5K [ T]. RO ML, 2015 ,46(6) 128 - 34,83,

JIA Honglei, WANG Wenjun,ZHUANG Jian, et al. Design and experiment of profiling elastic press roller[ J]. Transactions of
the Chinese Society for Agricultural Machinery,2015,46(6) :28 —34,83. (in Chinese)

XMUET, X 2, R S, 4. B e b DXL 15 T8 B R 26 B i i SR [T ] R LA %4 4 ,2017 ,48(4) :82 - 89.

ZHAO Shuhong, LIU Hongjun, TAN Hewen, et al. Design and experiment of bidirectional profiling press device for hilly area
[J]. Transactions of the Chinese Society for Agricultural Machinery,2017,48(4) :82 - 89. (in Chinese)

W) 22, BRI , BRASS . MIRSE 1 PRI B K RE RS FFEF A IR 1 T2 S8 [ T]. Aol TR 4% ,2019,35(19) :259 - 266.
MING Xianglan, CHEN Haitao, WEI Zhipeng. Optimization of technical parameters for making light-basis-weight and
environment-friendly rice straw fiber film[ J]. Transactions of the CSAE,2019,35(19) :259 —266. (in Chinese)

T 1. RGO — 6 B K e 47l BIHL AR A1 £F 2k b I e i e B e 3T [ D ] 0 R < AL ARk ko, 2014,

ZHANG Zihao. Design of straw fiber mulching device on the RGO — 6 type rice transplanter[ D ]. Harbin; Northeast Agricultural
University,2014. (in Chinese)

GB 13735—2017 3 £ I W YA ] 3t 1h 1 i S [ S 1. 2017.



