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Global sensitivity analysis of N,O emission of
APSIM model based on EFAST method
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(1. College of Information Scienceand Technology, Gansu Agricultural University, Lanzhou, Gansu 730070, China;
2. College of Forestry, Gansu Agricultural University, Lanzhou, Gansu 730070, China)

Abstract: To quantitatively discuss the impact of various parameters in the APSIM model on N,O gas emis-
sions from dryland wheat fields, the spring wheat variety ‘ Dingxi 35’ from 2019 to 2021 was selected as the re-
search object. The Extended Fourier Amplitude Sensitivity Test method was used to analyze the sensitivity of various
parameters affecting the model output of spring wheat, focusing on the influence of model inputs on crop variety pa-
rameters , meteorological parameters, soil parameters, and management parameters on the model output. The results
indicated that the most sensitive crop variety parameter affecting the N,O gas emission index of spring wheat was the
accumulated temperature from emergence to jointing stage, followed by the accumulated temperature at the initial
flowering stage, the accumulated temperature at the filling stage, vernalization sensitivity index, potential filling
rate, and photoperiod sensitivity index. Among meteorological parameters, the most sensitive to the N,O gas emis-
sion index is the daily maximum temperature, followed by rainfall and daily minimum temperature. For soil parame-
ters, the most sensitive to the N,O gas emission index was the field capacity, followed by soil bulk density, wheat
wilting coefficient, and wheat water absorption coefficient. Among management parameters, the most sensitive to the

N,O gas emission index was the amount of fertilizer applied. The EFAST method can quickly screen sensitive pa-

Y75 B #1:2024-02-24 &[] 2 #8:2024-04-30

ESWE : HEK ARREEATH (32360438) 5 Hl A F i WHFe R R IHIT H (22YFTFAL16) 5 H il W BU% T ( GSCZZ 20160909)
EB BN ARTH(1999-) , 5, INAREEY; A 5T A BF5E 05 10 RS B Ak . E-mail :419418052@ qq.com

BISMEE HAE (1981-) , %, Hol =M BI#ER , FEAF AR LTS, E-mail : donglx@ gsau.edu.cn



%5 6 1Y)

W% BT EFAST J77EA9 APSIM A5 N, O HER A 42 )R e 73 i 245

rameters of the model and simplify the parameter calibration process.

Keywords: spring wheat; EFAST method; APSIM model; N,O emission; sensitive analysis
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F 1 APSIM-Wheat #HEEY MM SEIRERTEE
Table 1

Selection and range of crop varieties

for APSIM—Wheat model

&®3 APSIM RESKEHAEEESHEEREE
Table 3  Selection and range of meteorological and

field management parameters of APSIM model

280 TR ERR 2 THR F R
Parameter Lower limit Upper limit Parameter Lower limit Upper limit
L BUR TR | 5 H 5 e T BE _10% 10%
Vernalization sensitivity index Daily maximum temperature/°C v v
S I E Y fURR R R ! 5 H R AL
. AR . . . -10% 10%
Photoperiod crop sensitivity index Daily minimum temperature/°C
TEAENE I F%Fi i Rainfall/mm -10% 10%
Potential grouting rate 0.002 0.004 KBA%RST Solar radiation/ (MJ « m™2) -10% 10%
/(g grain™' - d7") i
TF A6 B B HE I A U T A K R Amount of nitrogen application/ (kg + hm™?) 105 150
Potential growth rate from anthesis to filling 0.0005 0.002 FHE% )% Planting density/ ( Plants - m™) 168 205
ot e . a1 -1 . -1 ’
Stdge/( g * gramn d™) & FhEIHE Seed spacing/ ( Plants - m™2) 225 275
BB AR R Depth of sowing/mm 30 40
Accumulaled temperature from seedling stage 200 600
to jointing stage/(C « d”'
B 12 AR BB RRIR
1t Hki N
Accumulated temperature at early 200 650 ZIKE}I:%F)? B/Jﬁ:t EIAQ&%% {ﬁ ﬂ: Hﬁé /_\I_E ﬁﬂi
. -1
flowering stage/ (°C - d™") H%[Zﬁ‘%:{jﬁ (35035 N, 104°98'E,, ;J:/i 2 000 m)
FHAEI R
Accumulated temperature during 80 180 1'145'51:/{] i 5.7~7.7C jﬁ ji!;ﬁ 122~160 d
flowering stage/(°C + d™!) @iﬁj[ﬁﬂig 350 ~ 600 mm, EE%:% [:P Y_‘ 7T—9 — |
TR H L, HZ L2 AP U B, 28 & & Rk 1400
Accumulated temperature during 470 750
filling stage/(°C - d™") mm l/l—l:
WK1 L B RETF 2019—2021 4 F/ N AR Z=HELT /1N

Accumulated temperature from filling 500 800
stage to maturity stage/(°C - d™")

R2 APSIM RE T RS HERE R LR
Table 2 Selection and range of soil parameters of APSIM model

ZH TR LR

Parameter Lower limit Upper limit
0.083 0.13
Wilting coefficient/ (mm + mm™") ?
j: FgNY
. }%ﬁi 3 1.03 1.38
Soil bulk density/ (g« em™)
K
_ | ATaAR . 0012 0.117
Air dry moisture content/( mm * mm™")
EIESTi €=y
Ik i 0239 0.293

Field water capacity/(mm - mm™")

TR AN K 2
fafekR L 0430  0.568
Water saturation capacity/ (mm + mm™")
INEFERR
Wilting coefficient of wheat 0.083 0.235
INAE M IK ZR B
Water uptake coefficient of wheat 0.027 0.107
HiZR A Surface albedo 0.093 0.107
FHEAHLK Soil organic carbon 0.186 1.02
- IEERHEEE Soil pH 7.73 8.98
(AT E2 R
Number of bare soil runoff curves 69.75 80.25
98 Lz M
L. j:ig%ﬁ/’ﬁ%? 5 3.813 6.73
Ammonium ion concentration/ (kg + hm™)
Jag ol s A
LRAMBRET 14.32 24.61

Nitrate concentration/ ( kg « hm™2)
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T — i #0145 %X First-order sensitivity index
4 [ B0 PR 45 2 Full-order sensitivity index
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Note: I, : Vernalization sensitivity index; I,: Photoperiod crop
sensitivity index; R, : Potential grouting rate; R,: Potential growth
rate from anthesis to filling stage; T, : Accumulated temperature from
seedling stage to jointing stage; T, : Accumulated temperature at early
flowering stage; T;: Accumulated temperature during flowering stage ;
T, : Accumulated temperature during filling stage; Ts: Accumulated
temperature from filling stage to maturity stage.
B1 HAEEDRHSHE—MERERELRM
EMHBREIERIWER
Fig.1  Analysis results of first-order sensitivity index and full-order

sensitivity index of spring wheat crop variety parameters
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0.4 r
T3 B0 1k 45 %4 First-order sensitivity index
A= B B § %2 Full-order sensitivity index
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Z FUUR I TR 3
Parameter sensitivity index
f=]

N

W, W.W.W, S S S S S S
% ¥ Parameter
W, HREK W, AR K Wy KT K
W, o/ NEBOKRELGS,  FIERE;S, IEEERYGS, FER
S, HIERRRRUE ; Sy . R HER HLAR ; Sg « b3 AR S, #t £
R MZREL; Sy« TIEANIRMRES F 35S, : TIEEARES F

Note: W,: Field water capacity; W,: Water saturation

n

S, S S,

capacity; W5 : Air dry moisture content; W, : Water uptake coeffi-
cient of wheat; S;: Soil bulk density; S,: Wilting coefficient of
wheat; S;: Wilting coefficient; S, : Soil pH; Ss: Soil organic car-
bon; Sg: Surface albedo; S;: Number of bare soil runoff curves;

Sg: Nitrate concentration; Sq: Ammonium ion concentration.

B2 TESH—MEREELN
EMHBREERSTER
Fig.2  Analysis results of first-order sensitivity index and

full-order sensitivity index of soil parameters
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3 — Wi 0% 1% 45 2L First-order sensitivity index
222 4= B U P 48 %L Full-order sensitivity index

1.0 (-

0.8

0.6 |

R T 4

Parameter sensitivity index

R85 04¢f
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0.2

ob—eal P, o o !_H
C,

M, M, M, M, C,

.7
C, C,

TE M, BT BE 5 M, 2l Ui s My - 8 ) B M, < B ¢
VG, FRE IR Cy : HRARIRIE ; C . MR R 5 C - KPRGRET

Note: M, : Planting density; M, : Amount of nitrogen applica-
tion; Mj: Seed spacing; M, : Depth of sowing; C, : Daily maximum
temperature; C,: Daily minimum temperature; C;: Rainfall; C,:
Solar radiation.
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Fig.3  Analysis results of first-order sensitivity index and
full-order sensitivity index of meteorological

and management parameters
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