2019 9 50 9

doi: 10. 6041 /j. issn. 1000-4298. 2019. 09. 031

12 3 3 3 12 12
(1. 712100; 2. 712100;
3. 712100)
AquaCrop 57

. ; 2.19x10° m*  1.22 m’/kg
65% . .
N%  50% . (1.40 m’/kg) (1.12 m’ /kg) ;

1.67 m’ /kg 2.07 m* /kg.
: S162.5%3 DA : 10004298( 2019) 09-0264-08

Water Footprint Accounting and Evaluation for Wheat Production
in Yellow River Basin
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Abstract: In order to accurately evaluate the dynamic changes and distribution in water consumption
quantity and efficiency of crop production at different spatial and temporal scales in a region the
AquaCrop model was applied at 5 spatial resolution to estimate the blue and green water footprints
( WFs) of wheat production in three typical hydrological typical years in Yellow River Basin ( YRB) .
Irrigated and rainfed wheat were identified. Results showed that the annual average total WF and per—
unit-product WF of wheat in YRB were 2.19 x 10" m’ and 1.22 m’/kg respectively. Blue WF
accounted for 65% of the per-unit-product WF of wheat. The wheat WF was decreased from the upper
reach to the lower reach in YRB. Traditional surface irrigation dominated the total blue WF and total
green WF of wheat by occupying 92% and 50% of basin’s total amount respectively. The WF under
irrigated condition was 1.40 m’ /kg which was higher than that under rainHed condition of 1. 12 m® /kg.
The WF of wheat production in YRB was affected by irrigation methods. The basin average WF under
micro irrigation was only 1. 67 m’ /kg  while that of sprinkler irrigation was up to 2. 07 m’/kg. The result
indicated that the effects of different water supply and irrigation methods on large-scale WF accounting

can not be ignored. The quantification and evaluation of crop WF distinguishing different water supply
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and irrigation methods could be an important foundation for efficient utilization of agricultural water

resources. The results can provide reference for WF accounting and regional agricultural water saving

strategy formulated for different temporal and spatial scales.

Key words: water footprint of wheat production; irrigation techniques; spatial distribution; high-efficient
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Tab.1 Crop characteristics for wheat in current study
/d / /m
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10 15 30 140 40 30 40 1.8 1.5
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2
Tab.2 Harvested area of wheat and occupations by irrigation methods in Yellow River Basin
/hm? 1% /hm? /hm? /hm?
8.3570 x10° 71 5.4350x10° 7.2 4.49 x10*
2005( ) 2.4815 x10° 62 1.414 8 x10° 20.5 9.09 x 10*
1.069 6 x 10° 81 8.3600 x 10° 5.0 2.49 x 10*
8.1730x10° 72 5.3250 x10° 7.8 4.87 x 10*
2009( ) 2.4429 x10° 62 1.4129 x10° 21.2 8.03 x 10*
1. 146 7 x 10° 80 8.8330x10° 5.9 2.49 x10*
7.274 0 x 10° 74 4.4390 x 10° 47.8 4.33 x10*
2013( ) 2.3130 x10° 62 1.356 8 x 10° 30.0 4.48 x10*
1.180 1 x 10° 77 8.6600 x10° 1.1 2. 64 x 10*
7.9350 x 10° 72 5.066 0 x 10° 20.9 4.56 x10*
2.4125 x10° 62 1.394 8 x 10° 23.9 7.20 x 10*
1.1321 x10° 79 8.6180 x10° 7.3 2.54 x10*
2
2.1
2
o 2.19 x
1010 m3
50%
2% 1% . 3
o 2
o Fig.2  Composition of total water footprint of wheat
1.16 x10"° m’ 53% ( production in every typical year in Yellow River Basin
3
Tab.3 Total water footprint of wheat production in different reaches in Yellow River Basin m’
2.36 x 10° 8.33 x10* 2.80 x 107 9.00 x 10° 2.29 x10® 7.30 x 107 7.97 x10®
2005( ) 5.32x10° 2.85x10° 7.50 x 107 3.60 x 107 3.85x10® 1.73 x 10® 3.57 x10°
3.67 x10° 1.63 x10° 2.1x107 8.00 x 10° 1.15 x 108 4.80 x 10’ 7.39 x 108
2.18 x10° 8.76 x 10® 2.60 x 107 1.10 x 107 2.37 x10® 8.60 x 107 7.80 x 108
2009( ) 4.32x10° 2.99 x10° 6.10 x 107 4.20 x 107 2.72 x10% 1.68 x 108 3.55 x10°
3.27 x10° 1.88 x10° 2.00 x 107 1.10 x 107 9.70 x 107 5.30 x 107 8.35 x10*
1.68 x10° 7.44 x 108 1.83 x 108 7.30 x 107 1.95 x 108 7.80 x 107 6.41 x 108
2013( ) 4.31 x10° 2.83 x10° 8.00 x 107 5.80 x 107 1.57 x 108 9.20 x 107 3.42 x10°
3.52 x10° 1. 82 x 10? 4.30 x 107 2.10 x 107 1.14 x10® 5.50 x 107 9.39 x 108
2.07 x10° 8. 18 x 10® 7.90 x 107 3.10 x 107 2.20 x10® 7.90 x 107 7.39 x 108
4.65 x10° 2.89 x10° 7.20 x 107 4.60 x 107 2.71 x10® 1.45 x 108 3.15 x10°
3.49 x10° 1.78 x10° 2.80 x 107 1.30 x 107 1.09 x 108 5.20 x 107 8.38 x10*
(
2 4

56 %
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Fig.4 Weight distribution of blue water footprint in total for wheat production in Yellow River Basin
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5
68% 86% Fig.5 Water footprint of wheat production under different
(3.21t/ hmz) irrigation methods in typical years in Yellow River Basin
4
Tab.4 Water footprint of wheat production in different reaches of Yellow River Basin
/ / / / / / / /
(mekg™!) /% (t*hm~?) (m*-kg™") /% (t*hm~?) (m+kg™!) /% (t*hm~?) (m*+kg™") (t*hm?)
1.87 73.9 3.15 1. 69 75.2 3.13 2.16 75.8 3.11 1.30 2.56
2005( ) 1.45 65.1 3.98 1.69 67.2 3.19 1.79 69.0 3.42 1.36 2.76
1. 08 69.2 5.88 1. 05 7.7 5.56 1.12 70.3 5.87 1.05 3.46
1.73 71.3 3.32 1.52 69.9 3.13 2.05 73.3 3.23 1.29 2.64
2009( ) 1.27 59.0 4.08 1.54 59.0 3.18 1.56 61.7 3.50 1.20 3.19
0.94 63.5 6.23 0.93 64.4 5.84 0.97 64.7 6.21 0. 88 4.07
1. 68 69.3 3.26 1.70 71.6 3.16 1.98 71.4 3.18 1.19 2.80
2013( ) 1.18 60. 4 4.47 1.29 57.9 3.56 1.32 62.9 4.22 1.13 3.44
0.91 65.9 6. 81 0.90 67.7 6.43 0.95 67.3 6.79 0.91 3.75
1.76 7.7 3.24 1.67 71.8 3.15 2.07 73.6 3.17 1.26 2.66
1.30 61.7 4.17 1.47 61.2 3.35 1. 60 65.2 3.62 1.22 3.12
0.97 66.3 6.31 0.94 67.7 6.07 1.01 67.5 6.30 0.93 3.7
o 6
o 6
519 mm,;
560.576 mm,;
415 mm,
91% N
84% 80%  85% o
51 mm; 6
42 mm,; 22 mmo Fig.6 Composition of evapotranspiration in wheat

production under different irrigation methods



270 2019
22% o
3
34
1.22 m’/kg
65% ;
0 GRAFTON ¥ :
“ »
1.67 m’ /kg 71.8%;
o CHUKALLA 1.76 m’ kg T1.7% 2.07 m’ /kg
" N N 73.6%
o 53% ;
25% 2%  50% »
1 . J. 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. (in Chinese)
2 L 7 J. 2015 35(5): 121 -123.
WU Pute. Warning and strategy of North-to-South Water Transfer Project J . Advances in Science and Technology of Water
Resources 2015 35(5): 121 —123. ( in Chinese)
3 CAOX WUM GUO X et al. Assessing water scarcity in agricultural production system based on the generalized water
resources and water footprint framework J . Science of the Total Environment 2017 609: 587 —597.
4 . M . : 2015.
5 HOEKSTRA A Y. Virtual water trade: proceedings of the international expert meeting on virtual water trade M . Delft
Netherlands: UNESCO-JHE 2003.
6  HOEKSTRA A Y. The water footprint of modern consumer society M . London: Routledge 2013.
7  MEKONNEN M M HOEKSTRA A Y. A global and high—~resolution assessment of the green blue and grey water footprint of
wheat J . Hydrology and Earth System Sciences 2010 14: 1259 —1276.
8 . J. 2017 48(6) : 651 —660.
WU Pute SUN Shikun WANG Yubao et al. Research on the quantification methods for water footprint of crop production J .
Journal of Hydraulic Engineering 2017 48(6) : 651 —660. ( in Chinese)
9 ZHUO L HOEKSTRA A Y. The effect of different agricultural management practices on irrigation efficiency water use
efficiency and green and blue water footprint J . Frontiers of Agricultural Science and Engineering 2017 4(2): 185 - 194.
10 HOEKSTRA A'Y CHAPAGAIN A K ALDAYA M M et al. The water footprint assessment manual: setting the global
standard M . London UK: Earthscan 2011.
11 CHUKALLA A KROL M HOEKSTRA A. Green and blue water footprint reduction in irrigated agriculture: effect of irrigation
techniques irrigation strategies and mulching J . Hydrology and Earth System Sciences 2015 19: 4877 —4891.
12 LIUJ YANG H. Spatially explicit assessment of global consumptive water uses in cropland: green and blue water J . Journal
of Hydrology 2010 384(3 -4):187 -197.
13 CAOXC WUPT WANG Y B et al. Assessing blue and green water utilization in wheat production of China from the
perspectives of water footprint and total water use J . Hydrology and Earth System Sciences 2014 18(8) :3165 —3178.
14 M . : 2010.
15 2012—2030 M . : 2013.
16 . J. : 2016.
17  HSIAO T C HENG L STEDUTO P et al. AquaCrop—the FAO crop model to simulate yield response to water: [II.
Parameterization and testing for maize J . Agronomy Journal 2009 101(3): 448 —459.
18  RAES D STEDUTO P HSIAO T C et al. AquaCrop—the FAO crop model to simulate yield response to water: [[. Main

algorithms and software description J . Agronomy Journal 2009 101(3): 438 —447.



271

19

20

21
22

23

24

25

26

27

28

29

30

31

32

33

34

35

STEDUTO P HSIAO T C RAESD et al. AquaCrop—the FAO crop model to simulate yield response to water: [ . Concepts
and underlying principles J . Agronomy Journal 2009 101(3): 426 —437.
ZHUO . MEKONNEN M M HOEKSTRA A Y. Sensitivity and uncertainty in crop water footprint accounting: a case study
for the Yellow River basin J . Hydrology and Earth System Sciences 2014 18( 6) :2219 —2234.
. 2016 M . : 2016.

ABEDINPOUR M SARANGI A RAJPUT T B S et al. Performance evaluation of AquaCrop model for maize crop in a semi—
arid environment J . Agricultural Water Management 2012 110:55 - 66.
LQBALM A SHEN Y J STRICEVIC R et al. Evaluation of the FAO AquaCrop model for winter wheat on the North China
Plain under deficit irrigation from field experiment to regional yield simulation J . Agricultural Water Management 2014
135:61 -72.
AHMADI SH MOSALLAEEPOUR E KAMGAR-HAGHIGHI A A et al. Modeling maize yield and soil water content with
AquaCrop under full and deficit irrigation managements J . Water Resources Management 2015 29(8): 2837 —2853.
ZHUO . MEKONNEN M M HOEKSTRA A Y et al. Inter—and intra-annual variation of water footprint of crops and blue
water scarcity in the Yellow River basin ( 1961—2009) J . Advances in Water Resources 2016 87:29 —41.

J. : 2000 -
2014.
HARRIST JONES PD OSBORN T ] etal. Updated highresolution grids of monthly climatic observations-the CRU TS3. 10
dataset J . International Journal of Climatology 2014 34(3): 623 -642.
DIJKSHOORN K VAN ENGELEN V  HUTING J. Soil and landform properties for LADA partner countries M
Wageningen the Netherlands: ISRIC-World Soil Information and FAO 2008.

M . : 1995.
. I. 2011 16(1):1-8.
XIE Guanghui HAN Donggian WANG Xiaoyu et al. Harvest index and residue factor of cereal crops in China J . Journal
of China Agricultural University 2011 16( 1) :1 -8. (in Chinese)
. J. 1990 23(2) :83 -87.

ZHANG Fuchun ZHU Zhihui. Harvest index for various crops in China J . Scientia Agricultura Sinica 1990 23(2): 83 —
87. (in Chinese)
ALLEN R G PEREIRA LS RASES D etal. Crop evapotranspiration-guidelines for computing crop water requirements+A0
irrigation and drainage paper 56 300 M . Rome: FAO 1998: D05109.
HOEKSTRA A'Y CHAPAGAIN A K. Water footprints of nations: water use by people as a function of their consumption
pattern J . Water Resources Management 2007 21:35 -48.
CONTOR B A TAYLOR R G. Why improving irrigation efficiency increases total volume of consumptive water use J .
Irrigation and Drainage 2013 62(3): 273 -280.
GRAFTON R Q WILLIAMS J PERRY CJ et al. The paradox of irrigation efficiency J . Science 2018 361(6404) :
748 —750.



