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Early warning of farmland pollution caused by livestock and poultry feces in China and analysis of gover-

nance model effectiveness based on the balance between planting and breeding

LI Peng—cheng, HAN Cheng—ji, SHI Zi-zhong, WANG Ming—li’

(Institute of Agricultural Economics and Development , Chinese Academy of Agricultural Sciences , Beijing 100081, China)

Abstract: To explore the pollution risk in farmlands caused by livestock and poultry feces in China based on the balance of planting and
breeding, the risk index of pollution of livestock and poultry feces was defined, and the system dynamics method was employed to ascertain
early warning. Through scenario analysis, the effects of different governance modes on pollution control and crop nutrient supply were simu-
lated. Based on the simulation results, under inertial trend, from 2018 to 2025, the livestock and pouliry feces would constitute a mild level
pollution risk to the environment in China. Reduction, resourcefulness, and standardized discharge were the three effective ways to control
pollution caused by livestock and poultry feces. “Reduction model” would greatly reduce the self-sufficiency rate and total output value of
livestock and poultry products. It was difficult to completely eliminate the pollution risk by improving the intensity of the “resource model”.
It was also difficult to eliminate the risk of pollution under the condition of meeting the demand of nitrogen fertilizer for crops as per the
“standardized discharge model”. Results show that taking "resource mode" as the primary mode and "standard emission mode" as the sup-
plementary mode is an effective way to eliminate the current pollution risk.
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Table 1 N absorption coefficient of crops, grains—straw ratio, nitrogen content

1E#) NEELEY ¢ HHELL FhFE O AU [EFEY S
Crop Absorption coefficient/t- 100 t™' Grain—straw ratio N content of straw/kg -t N fixation coefficient/kg+hm™
7K F Rice 22 0.9 8.3
Tk Corn 2.3 1.2 8.7
/NH Wheat 3 1.1 6.2
K Soybean 7.2 1.6 16.3 113.7
LA Potalto 0.5 0.5 24
2% Rape 5.8 1.5 8.2
A6 Peanut 6.8 1.5 16.6 82.7
Fi 4 Cotton 11.7
H ¥ Sugarcane 0.18
B 2% Vegetables 0.4
7K Fruits 0.48

®2 EEFEHMNEIENNEERITE

Table 2 Classification criteria of land bearing risk index of livestock emissions

T Z% Warning level 1 2 3 4 35
f)ﬁﬁgx{EWaming value e<l1.15 1.15<e<1.5 1.5<e<2 2<e<2.5 e>2.5
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Figure 1 Cause and effect of soil load of livestock emission system
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Figure 2 Flow diagram of soil load of livestock emission system
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Table 3 Historic inspection results(10*t)

HEE IR A 2 % TN content of pig faeces

FRENETF RN fertilizer demand of corn

RIEFSREE N fertilizer demand

AEAIN
- S WA B U WA B HSE WA i
Actual value  Simulation value Error  Actual value  Simulation value Error Actual value  Simulation value Error
2008 478.72 510.76 6.69% 395.87 403.48 1.92% 2320.33 2246.51 1.81%
2009 501.74 518.95 3.43% 398.49 406.30 1.96% 2317.79 2269.03 1.88%
2010 523.07 514.42 -1.65% 438.73 447.00 1.88% 2 349.16 2 309.62 1.81%
2011 525.39 517.82 -1.44% 486.03 493.08 1.45% 2 480.57 2433.17 1.36%
2012 557.78 528.33 -5.28% 527.99 534.51 1.23% 257551 2515.58 1.19%
2013 504.74 526.82 4.37% 571.44 577.45 1.05% 2631.75 2 569.04 1.01%
2014 522.41 518.76 -0.70% 574.46 579.78 0.93% 2 663.93 2 608.81 0.88%
2015 508.88 503.83 -0.99% 609.48 613.74 0.70% 2711.11 2 670.16 0.69%
2016 497.00 486.30 -2.15% 606.31 609.94 0.60% 2712.17 2 669.47 0.59%
2017 403.00 405.17 -2.01% 595.86 597.78 0.32% 2 750.65 2 698.62 0.30%
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Table 4 Development scenario design

BB RN A

Governance scenario Influencing variables

ARG FEEE B 2 50% B Different governance emphasizes parameter setting

52 5 A ¥ Trade factor
A H K F Returning factor
RN T

Environmental protection input factors

I AL Reduction
PEEAE Resource

BEN 7% (i
Reach the standard of discharge

EUETN s i H AR L o i
Present Low intensity Moderate intensity High intensity
1 1.64 2.05 2.46
1 1.1 1.2 1.3
0 0.025 0.035 0.045
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Table 5 Major simulation results

A E‘J&l"l *ﬁﬂé‘i?{ii Zzﬁtlﬁiﬁfj?k%ﬁﬁﬁﬁt '%THEH@)EHE . %%#Wé\ﬁﬂ . ’EHE%* KUK 4
Year Population/ N content of straw/ Rural life N emission/ N fertilizer consumption/ N content of faeces/ N fertilizer demand/ Risk index
10°people 10*t 10*t 10%t 10*t 10%t
2018 13.89 738.066 250.65 2228.49 124441 2694.12 1.94
2019 13.95 744175 248.67 2235.17 1 247.06 2709.46 1.89
2020 14.01 750.809 246.49 2241.88 1274.6 2724.18 1.88
2021 14.05 756.961 241.05 2248.6 1292.72 2736.77 1.86
2022 14.08 761.819 23542 2255.35 1312.95 2751.14 1.84
2023 14.10 765.323 229.59 2262.11 1334.12 2 759.82 1.84
2024 14.11 770.475 223.57 2 268.9 1357.88 2771.84 1.83
2025 14.12 774.823 217.40 2275.71 1381.38 2 782.75 1.83
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Table 6 Simulation results of scenario risk index and nitrogen

demand in 2025

2025 AF R ERALCR

4 R YA EE Governance effect in 2025

Governance  Governance 25 & 3R V5 UL UG 580 ZUIEZ 4315 1%

scenario emphasizes  Risk index of livestock Surplus of nitrogen

emission pollution fertilizer

Il AL {[iS 1.73 2.03

Reduction e 1.66 124

= 1.59 0.44

PriRAL {liS 1.63 3.28

Resource i 1.47 3.08

= 1.34 3.28

IR AR ik 1.55 0.03
Reach the

standard of h 1.44 -1.30

discharge = 1.32 -2.56
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