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Estimation on groundwater bearing capacity of animal based on
fuzzy linear programming in China
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Abstract: [ Objective | While breeding animals, a substantial amount of groundwater is consumed to clean
pens and for them to drink.China is a water—scarce country. The scientific and rational use of groundwater
resources is essential for the green development of animal breeding.Therefore, modeling the bearing capacity of
groundwater resources for animal breeding is crucial for promoting the integration of regional planting and
breeding, as well as ensuring the sustainable use of groundwater resources. Method ] This study evaluated the
groundwater pressure of animal breeding in 31 provinces (autonomous regions and municipalities ) of China from
2013 to 2022.Nine of them, including Tianjin, Hebei, Inner Mongolia, Liaoning, Jilin, Shandong, Henan, Gansu
and Ningxia, were selected as the research objects.Based on the annual fluctuations in groundwater availability,
the fuzzy linear programming method was employed to construct a groundwater resource bearing capacity model
for animal farming. Additionally, the scenario analysis method was employed to simulate and optimize the
suitable animal breeding volume. [Result | From 2013 to 2022, the groundwater pressure values for animal
breeding in China ranged from 0.8% to 1.1%, with small inter—annual differences. Spatially, the groundwater
pressure values of animal breeding in the northern region were higher than those in the southern region.Those in
the eastern region were higher than those in the western region. Besides, the pressure values such as those in
Tianjin fluctuated between 1.3% and 5.9%, which was higher than the national average. The fuzzy linear
programming model revealed that when the water consumption of animals was reduced by 50%, the optimization
result of groundwater bearing capacity for animal farming in Tianjin, Hebei, Inner Mongolia, Liaoning, Jilin,
Shandong, Henan, Gansu and Ningxia was 20 million, 680 million, 480 million, 90 million, 110 million, 130
million, 250 million, 90 million and 30 million heads respectively.And it was 1.6,4.2,2.7,1.1,1.8,1.1,1.9,2.8
and 1.7 times the current breeding volume.[ Conclusion ]If the animal water consumption had been reduced,
the animal breeding industry would have significant development potential. Therefore, it was recommended that
other provinces draw on Ningxia’s water rights reform experience to develop localized systems for animal water
rights allocation and establish water rights trading markets tailored to regional characteristics. Water—saving
technologies and related facilities should be promoted, to facilitate the transition from traditional animal
husbandry to water—efficient animal husbandry.

Keywords : groundwater; animal farming; bearing capacity ; fuzzy linear programming
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Tab.1 The unit output value of 6 species of animal in 9 provinces (autonomous regions and municipalities)

A (X T) LS 4/ G/ PRI/ A RES
Provinces(autonomous regions ~ (10°Jc-3k™)  (10'75-3k™") G- PH  Go-H) (102 (1052
and municipalities ) Dairy cattle Beef cattle Layer Broiler Swine Sheep
Kt Tianjin 2.96 1.60 167.80 23.70 0.21 0.11
It Hebei 3.11 1.70 164.71 24.84 0.19 0.10
M 327 Inner Mongolia 2.84 1.13 185.50 24.84 0.29 0.14
il Liaoning 2.29 1.49 157.19 27.98 0.23 0.11
Ak Jilin 2.38 1.49 159.84 27.62 0.22 0.11
1175 Shandong 3.30 2.32 169.97 24.84 0.22 0.10
[ Henan 2.54 1.28 168.30 24.57 0.22 0.13
Hl Gansu 3.78 1.12 167.50 24.84 0.21 0.14
T H Ningxia 3.39 1.02 171.54 24.84 0.22 0.12
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Tab.2 Water quotas for 6 species of animal in 9 provinces (autonomous regions and municipalities) m?d

A (X . 17)

_ _ LGS RS X ARG A K BES
Provinces (autonomous regions
Dairy cattle Beef cattle Layer Broiler Swine Sheep
and municipalities )
K Tianjin 0.100 0.040 0.5x107 0.4x107 0.009 0.010
Ik Hebei 0.094 0.055 0.3x10™ 0.3x10 0.034 0.010
MNZ2 T Inner Mongolia 0.120 0.060 1.0x10° 0.8x10™ 0.050 0.010
&
il T Liaoning 0.078 0.060 0.7x107° 0.6x107 0.033 0.010
Ak Jilin 0.270 0.055 1.5%10° 1.3x10° 0.047 0.010
1117~ Shandong 0.132 0.085 0.8x107° 0.7x107 0.039 0.011
Vi Henan 0.080 0.064 0.7x10° 0.6x107 0.030 0.011
N Gansu E . .Ox10™ .8X10™ . .
Hl G 0.150 0.060 1.0x107° 0.8x107 0.035 0.009
T K Ningxia 0.100 0.050 0.5x107 0.4x107 0.040 0.008
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DB T )RR AR R Tl Sl T AR LR TR R T L A
BRI 5 0.442,7.142,6.242,3.142.,4.242.,6.442.,10.942.,0.912.,0.312.3%
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Tab.3 Animal breeding in 2022 Bk
A (X1 .
Provinces (autonomous regions ﬁ)}ﬁi: F;SJ * &5 A X% d:% i
Dairy cattle Beef cattle Layer Broiler Swine Sheep
and municipalities )
R Tianjin 10.4 19.7 943.3 2438.0 200.5 50.7
Wt Hebei 148.1 247.1 18 603.5 29 984.0 3506.1 1418.7
W32l Inner Mongolia 159.0 658.9 2923.1 6193.0 886.9 6124.1
iLF* Liaoning 27.6 261.2 14 746.5 45 620.5 28943 787.8
Tk Jilin 12.5 377.8 44734 243235 18394 687.5
114 Shandong 86.4 197.0 20457.3 105 336.3 4528.4 1459.1
VAT Henan 40.7 322.8 21302.5 433227 5918.8 2030.4
Hil Gansu 359 495.5 1 008.6 27742 895.7 2595.6
T H Ningxia 83.7 148.4 616.4 700.6 110.8 710.6

5 BB T K R BAE I Sh AR AR 5 AN HFSE AR 2013—2022 4F 948 (X TH) A Hb T 7K %
(R 4) AR e /IMAL T Y RN AR T3 A A TRT — AR B, DA e A R A 7RSO 4 ek R Rl 1y o A, 2k
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Tab.4 Groundwater resources in 9 provinces (autonomous regions and municipalities) {Zm’
Ay Kt B4 e L G0N HIFR T Hfy TH

Year Tianjin Hebei  Inner Mongolia  Liaoning Jilin Shandong Henan Gansu Ningxia
2013 5.0 138.8 2493 139.4 160.2 172.3 1471 138.9 22.1
2014 3.7 89.3 236.3 82.3 120.2 116.9 166.8 112.6 21.3
2015 4.9 113.6 224.6 83.2 127.4 133.1 173.1 100.9 209
2016 6.1 133.7 248.2 120.9 154.7 164.8 190.2 108.7 18.6
2017 55 116.3 207.3 86.6 133.3 151.1 206.5 133.4 19.3
2018 7.3 124.4 253.6 79.8 137.9 196.7 188.0 165.6 18.1
2019 4.2 97.8 233.8 106.8 156.1 128.4 119.1 148.7 18.4
2020 5.8 130.3 243.9 115.2 169.4 201.8 185.8 158.2 17.8
2021 11.0 220.2 238.6 150.8 166.2 237.7 257.0 120.0 16.4
2022 6.8 152.8 223.1 154.3 192.6 225.4 140.4 112.7 15.3
YA Ave. 5.8 145.8 248.3 105.5 110.1 154.2 198.9 132.7 16.2
RRME Max. 110 220.2 253.6 154.3 192.6 237.7 257.0 165.6 22.1

H2/IMH Min. 3.7 89.3 207.3 79.8 120.2 116.9 119.1 100.9 15.3
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