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Spatial and temporal characteristics of environmental risks
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Abstract: Using CROPWAT model and life cycle assessment ( LCA) method, the input, environmental risk
and water demand of wheat production in Northwest China from 2005 to 2020 were analyzed and evaluated. The re-
sults showed that, the average fertilizer input in Northwest China was 238 kg + hm™, 142 kg - hm™, and 62.5 kg

- hm™ respectively; the pesticide, diesel, seed, and labor input amounts were 4.35 kg + hm™, 1.26 L - hm™”,
305 kg - hm™, and 771 h - hm™, respectively. The average wheat yield in Northwest China was 3.68 t - hm™,
emit 3 589 CO, equivalents per hectare of greenhouse gas, had a soil acidification potential of 87.0 SO, equivalents
per hectare , and consumed 3.3x10° J « hm™ of energy. The largest contribution rate of fertilizer input to greenhouse
gas emissions and energy consumption was 86.5% and 77.8%, respectively. The agricultural stage had the highest

contribution rate in soil acidification potential, accounting for more than 90%. The agricultural stage contributed the

75 B #1:2022-12-02 &[5 A #7:2023-01-10
ESWA : FEKE AU HE (2021YFDJ1900705-05) 5 EIZK H AR 34 (31871555) ; H E LARBE A 352 Hh E TRBHGEIRIH
TEER N TR (1997-) , 2, BePi A S N W5 A BF9 O 18 o VE Pl R A B AR 45 . E-mail ; 2110707@ nwafu.edu.cn
TG (1996-) , %, R AR I R F S A IR 5805 10 0 3543 3 U545 8 . E-mail : fanzihan0466@ 163.com
BEEE KD (1966-) 5, BEviE EXN A4S0, FZMNFEYHLRA A SR, E-mail :sqzhang@ ms.iswc.ac.cn



52 3 SR - VAL DX /N2 A 7 R XU P 2 AR 249

most to soil acidification potential, accounting for more than 90%. In Northwest China, the average water demand
for wheat production was 331 mm, the average irrigation water demand was 227 mm, and the average crop water
profit and loss index was —=65.7%. In 2020, the unit yield of wheat production increased by 37.7% compared to
2004, while the planting area decreased by 6.55%. In 2004, nitrogen, phosphorus and potassium fertilizer input
increased by 48.6% , 40% , and 115%, respectively. Pesticides and diesel oil input decreased significantly over the
last 17 years, and manual input was gradually decreasing, and now 50.8% lower than in 2004. The seed input in-
creased first and then decreased in 17 years, reaching the highest value of 346 kg « hm™> in 2011. Compared with
2004, greenhouse gas emissions per unit area, soil acidification potential and energy consumption in 2020 increased
by 54.1%, 57.3% and 31.7% respectively. There was no obvious trend in the time scale of water demand, rainfall
and irrigation water demand for wheat production in Northwest China. The ecological environment risk and water de-
mand law of wheat production in different Provinces (regions) in Northwest China were quite different. Inner Mon-
golia had the highest environmental cost of wheat production in Northwest China in terms of greenhouse gas emis-
sions, soil acidification potential, energy consumption and irrigation water demand, but the rainfall was low, requi-
ring the highest amount of irrigation. Since Shanxi had the highest rainfall and the lowest greenhouse gas emissions,
potential for soil acidification, and energy consumption. It also had the lowest overall ecological environmental risk
and irrigation needs for wheat production.

Keywords: wheat; environmental risks; CROPWAT model; life cycle assessment; Northwest China
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Table 1  Coefficients of greenhouse gas emissions,
soil acidification and energy equivalent in all

stages of agricultural production

RESE O RIE
A Greenhouse gas Acidification Fhi EZ 3G
Input /(COy—eqkg /(SO,—eqkg hn/e;gy Reference
- hm™) - hm™2)
RULLE sk
N production and 8.30 2.52x107  6.06x107 [20,23-26]
transportation
BRILA: P FLs
P production and 0.79 6.00x10* 1.11x107 [20,23-26]
transportation
BIREA: - Rz
K production and 0.55 4.80x10*  6.70x10° [20,23-26]
transportation
42 Pesticide 19.10 1.05x10*  2.40x10% [20,23-26]
HBfEE Mulch 2.80 3.23x107 [27]
457 Diesel 375 6.58x10*  3.80x107 [25-26,28]
T Seed 1.16 1.53x107  [29-30]
AT Labour 0.036 1.96x10° [30-32]
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Table 2 Wheat production input in different years in Northwest China

AEAy N P,0; K,0 K24 Pesticide LEIH Diesel T Seed AT Labor i g
Year  /(kg+ hm™) /(kg - hm™?)  /(kg - hm™2) /(kg+hm?)  /(L-hm?) /(kg-hm™2) /(h-hm™2) /(kg-hm™?)
2004 179 120 40 5 0.14 289 1107.4 0
2005 226 133 49 5 0.94 282 1075.2 0
2006 213 136 52 5 0.00 288 988.2 0.029
2007 217 133 53 4 0.05 286 950.6 0
2008 217 121 50 4 0.02 286 905.2 0
2009 222 135 55 5 1.15 301 807.2 0
2010 232 138 57 6 1.11 311 785.6 0
2011 235 137 57 6 1.58 346 765.8 0
2012 246 133 60 6 1.69 333 710.0 0
2013 247 137 63 6 1.60 306 655.0 0.118
2014 258 144 67 3 1.85 305 690.4 0
2015 263 146 73 3 2.05 307 663.6 0
2016 265 157 74 3 2.48 306 663.4 0
2017 260 160 76 3 2.03 307 625.4 0
2018 257 161 79 3 1.67 308 601.6 0
2019 250 156 71 3 1.84 315 563.0 0
2020 266 168 86 4 1.16 309 543.6 0
®3 FIBRAREG/NEZEFFHRNEIR(2004—2020 £F)
Table 3  Average input of wheat production in different provinces of Northwest China (2004-2020)
Ay N P,0s K,0 K24 Pesticide  ZE7H Diesel P Seed AT Labor b Ji5
Province / (kg + hm’z) / (kg - hm’z) / (kg - hnfz) / (kg - hm’z) /(L - hm’z) / (kg - hm’z) /(h - hm’z) / (kg - hm’z)
1174 Shanxi 192 115 59 4.35 5.52 249 611 0
PZEr Inner Mongolia 330 180 82 3.47 0.05 376 717 0
BEP Shaanxi 227 159 58 5.17 0.31 186 876 0
Hl Gansu 187 122 42 4.44 0.35 312 1091 0.04
THE Ningxia 245 122 60 5.27 0.00 355 815 0
B Xinjiang 250 154 73 3.47 1.31 352 514 0.01
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