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Characteristics and uncertainty of nitrogen loss in agricultural production and

consumption system
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State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences, Beijing 100012, China

Abstract; Accurate quantification of nitrogen ( N) loss is essential for N management in agricultural production and
consumption system. Taking the Yangtze River Delta ( YRD) region as the study area, N loss characteristics of agricultural
production and consumption system was estimated based on substance flow analysis, and sources of uncertainty were
quantitatively analyzed using error propagation equation, and multiple regression analysis was used to analyze the
transmission of uncertainty. The results showed that from 2011 to 2020, the total amount of N loss in the agricultural
production and consumption system in the YRD initially increased from (1841.0+£150.4) Gg/a in 2011 to (1874.1+£154.2)
Gg/a in 2013, and then decreased year by year to (1636.4+144.6) Gg/a in 2020. The cropland and livestock subsystems
were the two largest sources of N loss, accounting for 37.5% and 31.0% on average, respectively. Moreover, the proportion
of N loss of them both showed a decreasing trend, while that of human consumption and waste management subsystem
showed an increasing trend. It was mainly attributed to the decrease of agricultural production scale and urbanization process

in the YRD. Atmospheric environment was the primary sink of N loss in the system, with an average proportion of 52.2% in
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the 10 years. Based on calculation, the uncertainty of total N loss in the system was 8.1%—8.8% , in which the waste
management subsystem and surface water were the sources and sinks of N loss with the highest uncertainty, respectively. In
terms of uncertainty sources, the uncertainties of N loss introduced by human activity level data and N flow parameters were
1.2%—1.3% and 8.0%—8.8% , respectively, indicating that the latter was the main source of uncertainty. In addition, N
loss from livestock subsystem and to surface water environment contributed the most to the total N loss uncertainty of the
system, responsible for 27.4% and 50.0% , respectively. Multiple regression analysis showed that the N loss flux of each
component and its uncertainty both significantly affected the uncertainty of the total N loss of the system, and the N loss flux
of each component was the predominant factor affecting the uncertainty propagation. The influence of the N loss flux of each
component on the total N loss uncertainty was about 2.3 times that of the latter. The findings could provide a reference for

reducing the uncertainty of N loss in agricultural production and consumption system.

Key Words: substance flow analysis; nitrogen flow; nitrogen loss; error propagation equation; transmission mechanism
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Table 1 Main N flow parameters and their uncertainties
Z4J( Parameter HUE Value
it

R UL/ (kg hm™2 a™!)
N deposition flux

AHiE M Uncertainty/ %

41.41%] 20.0036]

[E A # %/ (kg hm™2 a™')

F25:105.012737) 78 112,008 k1, 30.009%0)

[41]
N fixation rate 2. 15.0037:39] 50.0
’ /X:t/\%/ k h -2 -1 . _— Lo s .
Zzﬂﬂﬁﬁl{m%%& ( ghm™a ) Fi:6.10%) T 95:6.5020 WitT:15.0142) %7, 5.404) 30,0036
N runoff coefficient of cropland
R B L R %
. [37,43] . [37] [36]
NH; volatilization coefficient of cropland LIt 16.0 ATHUIE:23.0 30.0
e H N, O HE R % % ) :
.0.4137] 1.0019] (36
N, O emission coefficient of cropland fEIE 0.4 ATHLIE 1.0 30.0
BEEITSHM R (kg " a™h) 4907 74407 211207 40507 10,0041
Livestock manure excretion coefficient %.0.407) '
HEIS AR R % #:19.007) 4 17.017 4250077 454,007 30,004
NH; volatilization coefficient of manure & .22.077! A
HBRTGRARMAL % H#:59.0190 441,00 72,0090 4. 75,000 30,04
N runoff coefficient of manure ® :73.0[45] ’
L 2y HE Y )
RS R A % o g

Human feces excretion coefficient

N % Nitrogen
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Fig.3 Uncertainty and source-sink characteristics of N loss in agricultural production and consumption system in the Yangtze River

Delta region
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Table 2 Uncertainty of N loss in agricultural production and consumption system in the Yangtze River Delta region during 2011—2020

0 H PR ANHf5E M Uncertainty/ %
Items Name 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
T PEE R TEY R 12.2 12.1 12.0 11.9 11.8 11.0 11.0 11.0 11.0 10.9
N loss sources Y B 15.0 15.0 15.0 14.8 14.9 15.1 15.1 15.5 16.3 16.7
JE BT 2% 16.5 16.7 18.1 17.8 16.5 16.8 16.9 17.0 16.8 16.9
K7 FREE 23.6 23.8 23.9 24.1 24.4 24.5 24.5 24.3 24.3 24.2
Iy 48.4 484 482 482 482  48.1 482 481 48.1 48.2
AR KAFK 10.8 10.7 10.8 10.7 10.5 10.0 10.1 10.2 10.3 10.3
N loss sinks HhFIK R 13.8 14.1 14.1 14.1 14.2 14.6 14.8 15.3 16.1 16.6
T KRR 12.0 12.1 13.3 13.4 13.1 13.3 13.5 15.1 14.9 15.4
ﬁﬁ%ﬁféﬁ 8.2 8.2 8.2 8.2 8.1 8.1 8.1 8.4 8.6 8.8
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Fig.4 Uncertainty of N loss introduced by input data in agricultural production and consumption system in the Yangtze River Delta region

AD : NZEIE KTl s NFC RS B (s 22 5% A AN s 4 X 1]

BF RGN BRIV R AT E W TIERINE 5 Fos . FEVIRME B 8900 K500 | JE RO S R Y B &
GEXf ZR G BAR AN E 1 A TTRR 300N 25.1% 27.4% (6.8% (18.1%H1 22.7% , 5 2% 28 R HZRIK (3B F /K ER
BE B TE 1 B R GBI R AR EMER TTER N N 43.9% 50.0% 1 6.3% ., FiRZEREW  FERFETRE R
Xof LA 2 AN 7 I T R i R R, M 2 KBRS R e A T TRk AR R YT

KSR JE R B HFK HuFok

B5 KEZAMRKIEFSHRERESTFREIXRIRKRHE LT
Fig.5 Contribution of subsystems of agricultural production and consumption system to the uncertainty of N loss in the Yangtze River

Delta region
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Fig.6 Uncertainty propagation mechanism of N loss in agricultural production and consumption system in Yangtze River Delta region
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Table 3 The F-test of overall significance in regression
HiA -5 A A i ¥J7 P BEWE P
Model Sum of squares Degree of freedom Mean square Significance P
[f1JH Regression 5650.422 2 2825.211 774.327 <0.001
324 Residual 463.372 127 3.649 — —
BT Total 6113.795 129 — —
F4 MARBRHR
Table 4 Coefficients of regression model
o " PR 2R AL N
SR ES o LG
g Unstandardized coefficient Standardized 2 Collinearit
ALY nstandardized coefficients coelficients . nEM P ollinearity
Model P Significance P %
prifi i oS
B B VIF
Std. Error cta Tolerance
“# & Constant -6.703 0.567 — -11.829 < 0.001 —
AR /i85 N loss flux 0.048 0.001 1.011 39.115 < 0.001 0.893 1.119
HARK A AHE ]
RBRAN AR 0.303 0.018 0.436 16.860 < 0.001 0.893 1.119

Uncertainty of N loss

B AEFRUEIL R BUE ; VIF . D7 Z KA T variance inflation factor

3 it
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Fig.7 Temporal variation of crop planting and livestock breeding in the Yangtze River Delta region
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