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Changes of Maize Water Footprint under
Different Hydrological Years in Liaoning Province
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Abstract: Crop production water footprint can reflect the water utilization efficiency in the process of agricultural production and
the actual water consumption. In order to clarify corn dynamic change rule of water footprint in Liaoning Province and realize
the efficient utilization of agricultural water resources, the water footprint of maize in 14 cities of Liaoning Province for 1992-
2015 years was calculated based on CROPWAT, the maize water footprint of various regions in different hydrological years (wet
year, normal year and dry year) was analyzed in this paper according to the theory and method of water footprint. Regression
analysis and M-K trend test were carried out for water footprint of main maize production areas. The results showed that the
annual average total water footprint of maize was 1.109m’-kg™, the ratios of green water, blue water and grey water footprint
ratio were 49.7%, 17.6%, 32.7%, respectively. There were significant difference of maize footprint in different areas based on
hydrological years. Yingkou (1.1m’-kg™) was the largest and Tieling (0.68m*-kg™) was the smallest under the wet year. Dandong
(2.03m*-kg™) was the largest and Tieling(0.69m*-kg™) was the smallest under normal year. Dalian(1.74m*-kg™) was the largest and
Fushun (0.75m*-kg™) was the smallest under drought year. Mostly, the green water, blue water (except Jinzhou) and grey water
footprints in Liaoning’s main maize production areas showed downward trends. The green water footprint of Shenyang and
Chaoyang declined significantly, the rate of them were 0.12m*-kg™-10a”, 0.13m’-kg™'-10a”', respectively. Therefore, under various
hydrological years, the water footprint of corn production in Liaoning Province was mainly green water, which plays an important
role in grain production in Liaoning. Grey water was the second most important whose influence on water resources should not
be underestimated. There were significant differences in the water footprint of maize in different regions. Different irrigation
systems and irrigation strategies should be adopted for different regions to ensure the rational utilization of water resources. This
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results can provide references for corn production space layout and agricultural water resources scientific management in Liaoning
Province.

Key words: corn; water footprint; hydrological year type; interannual change
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Table 1 Unit output of local cities and the ratio of maize irrigated area to sown area in Liaoning
/kg+hm™
Single production The ratio of the area of irrigation area to the sown area
Region
Wet year Normal year Dry year Wet year Normal year Dry year
Tieling 8764 8767 4260 0.042 0.082 0.075
Dalian 5671 5854 3975 0.054 0.057 0.020
Benxi 6525 6480 4995 0.300 0.219 0.112
Panjin 6810 7035 4934 0.074 0.062 0.070
Shenyang 6880 7575 6728 0.076 0.102 0.176
Chaoyang 5865 5043 5520 0.607 0.260 0.286
Fuxin 6868 6255 7350 0.497 0.228 0.350
Liaoyang 5943 6424 6555 0.047 0.047 0.068
Jinzhou 6555 3960 5102 0.168 0.607 0.319
Huludao 5919 6518 5851 0.202 0.166 0.172
Anshan 7165 6900 6367 0.018 0.018 0.069
Fushun 7168 7018 8115 0.017 0.001 0.003
Dandong 5100 2820 4801 0 0 0.003
Yingkou 5968 4875 5211 0.119 0.424 0.282
1.3
1992~2015 °
P(%)=""—x100 (1)
n+l
n s M0 Py(mm-a™) ;P ° P- )
) ,
. 23], P 75% .50% .25% . . .
14
) N N
° , ) )
4
WE,=WFye. WFy A WF,,, (2)
:WE,w (m*+kg™) s Wy (m’+kg™) ; WFy (m*-kg™) s WE,,
(m’-kg™),
WF,.= min(ER,CWR) 3)
Y
:CWR (m*hm™);ER (m*~hm™3);Y (kg-hm?),
CWR=10xET.=10xK .ET, (4)
, ET, CWR,10 o ET¢
ER (Food and Agriculture Organization, FAO) Penman—Monteith Crop-
wat8.0 , ER (USDA soil conservation service ) o ET,
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3 C (kg-m?), EPA (U.S. Environmental Protection Agency)
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Figure 2 Ratios of green water, blue water and gray water footprints of different under hydrological years in
various regions of Liaoning Province
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2

Table 2 Difference and characteristics of water footprints under different hydrological years
in each region of Liaoning Province

/m* kg™

Green water footprint

/m?- kg™

Blue water footprint

/m* kg™

Grey water footprint

Region

Tieling
Dalian
Benxi
Panjin
Shenyang
Chaoyang
Fuxin
Liaoyang
Jinzhou
Huludao
Anshan
Fushun
Dandong
Yingkou

year
0.373
0.584
0.569
0.527
0.598
0.528
0.458
0.643
0.508
0512
0.552
0.467
0.647
0.502

Dry
year
0.650
0.790
0.772
0.577
0.443
0.415
0.344
0.531
0.060
0.448
0.488
0.415
0.641
0.500

Absolute
difference
-0.28
-0.21
-0.20
-0.05
0.15
0.11
0.11
0.11
0.09
0.06
0.06
0.05
0.01
0

Relative

difference

-0.667

-0.328

-0.315

-0.088
0.294
0.193
0.226
0.167
0.168
0.097
0.102
0.096
0.015
0

Wet
year
0.062
0.039
0.014
0.034
0.020
0.052
0.184
0.030
0.422
0.123
0.042
0.088
0.002
0.249

Dry

year
0.431
0.428
0.158
0.244
0.236
0.241
0.192
0.131
0.347
0.303
0.214
0.078
0.172
0.440

Absolute
difference
-0.37
-0.39
-0.17
-0.21
-0.22
-0.19
-0.01
-0.14
-0.28
-0.18
-0.17

0.01
-0.17
-0.19

Relative

difference

-3.236
-1.812
—-1.484
-1.112
-1.181
-0.547
-0.032
-0.987
-1.143
-0.743
-1.217

0.088
-2.234
-0.635

Wet
year
0.240
0.370
0.323
0.307
0.305
0.358
0.306
0.353
0.320
0.355
0.293
0.293
0.411
0.352

Dry Absolute  Relative

year  difference difference
0.493 -0.253 -0.904
0.528 -0.157 -0.361
0.420 -0.097 -0.256
0.426 -0.120 -0.320
0.312 -0.007 -0.022
0.380 -0.022 -0.046
0.286 0.020 0.053
0.320 0.033 0.085
0.412 -0.091 -0.235
0.359 -0.004 -0.009
0.330 -0.037 -0.101
0.258 0.035 0.107
0.437 -0.026 -0.059
0.402 -0.050 -0.128

5

Note : Absolute difference : The water footprint value difference between the year of rich water and the year of dry water ; Relative difference : Water foot-

print value in wet year— Water footprint value in dry year/ mean water footprint value of multi-year.

2.2
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Figure 3 Interannual changes of green water, blue water, grey water footprint and production in Liaoning
Province in 1992-2015 years
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Figure 4 Interannual variation of green water and blue water footprint in main maize producing
areas of Liaoning Province
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« 3), , (p>0.05), M-K
4 , (K=0), o 2000 2009
, (0.43m*-kg™) . ,2001~2015

3 ~
Table 3 Regression equation of annual green water and blue water footprint in main maize
producing areas of Liaoning Province

r /m? kg™ /m?-ke™

Type of water footprint  Region Regression equation  Correlation coefficient r  Average value  Standard deviation Coefficient of variation
Shenyang  y=-0.0111x+0.6486 0.511 0.509 0.155 0.305

Green water footprint Jinzhou y=-0.0083x+0.6395 0.321 0.536 0.186 0.347
Chaoyang y=-0.0136x+0.7387 0.299 0.569 0.322 0.566
Fuxin y=-0.0089x+0.5992 0.028 0.487 0.227 0.466
Tieling y=—0.0041x+0.4714 0.270 0.420 0.110 0.261
Dalian y=—0.013x+0.8028 0.260 0.639 0.246 0.384
Anshan  y=-0.0086x+0.6977 0.260 0.591 0.230 0.390
Shenyang  y=-0.0015x+0.2045 0.078 0.187 0.128 0.683
Jinzhou  y=-7E-05x+0.2459 0.004 0.245 0.244 0.995

Blue water footprint Chaoyang  y=-0.002x+0.3722 0.032 0.347 0.430 1.240
Fuxin y=—0.0047x+0.3716 0.089 0.313 0.370 1.181
Tieling y=—0.002x+0.1393 0.144 0.114 0.097 0.848
Dalian y=—0.0051x+0.2789 0.183 0.217 0.194 0.894
Anshan  y=-0.0006x+0.147 0.037 0.140 0.093 0.669

4 . M-K

Table 4 M-K trend test of annual variation of green water and blue water footprint in main
maize producing areas of Liaoning Province

M-K

Type of water footprint ~ M-K test Shenyang Jinzhou Chaoyang Fuxin Tieling Dalian Anshan
P 0.0106 0.1951 0.0170 0.0561 0.6024 0.0702 0.8233
Green water footprint K -0.0070 -0.0040 -0.0097 -0.0049 -0.0015 -0.0047 0.0010
Trend Significantly reduce ~ Reduce Significantly reduce Reduce Reduce Reduce Reduce
P 0.7471 0.5343 0.9802 0.0561 0.6024 0.4130 0.8622
Blue water footprint K -0.0015 0.0022 0.0000 -0.0010 -0.0001 -0.0041 -0.0006
Trend Reduce Increase Unchanged Reduce Reduce Reduce Reduce

:K<0 ,K=0 ,K>0 . p<0.05 ,p>0.05 5

Notes: K<O0 is decreasing trend, K=0 isunchanged, K>0 is rising trend. The trend of p<0.05 is significant, and the trend of p>0.05 is not significant.

3

, 45% , ,
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(0.741m*-kg™) (1.26m*-kg™)B (0.827m*- kg™ )2
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(0.741m*-kg™) B1(0.87m* kg ™), ’
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: 1.109m* kg, \
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