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Impact simulation of climate change on potential and rainfed yields of
winter wheat in Southwest China from 1961 to 2010

DAI Tong'?, WANG Jing'"", HE Di', WANG Na'

(1. College of Resource and Environmental Sciences, China Agricultural University, Beijing 100193, China;
2. Jinghai Meteorological Bureau, Tianjin 301600, China)

Abstract Using crop and soil data from agro-meteorological observational stations together with meteorological data from
meteorological stations, the study evaluated the adaptability of APSIM-Wheat (Agricultural Production Systems sIMulator-
Wheat) model in winter wheat planting zones in Southwest China (SWC). Then, the model was used to calculate the potential
and rainfed yields of winter wheat from 1961 to 2010 in SWC. The relative contribution rates of the changes in main climatic
factors during crop growing season to the changes in simulated potential and rainfed yields of winter wheat were determined
with the stepwise regression method. The study results showed that APSIM-Wheat model performed well in simulating
phenology, above-ground biomass and yield of five representative winter wheat varieties in SWC. Root Mean Square Error
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(RMSE) between simulated and observed wheat phenology were less than 7.0 d for all the varieties. Normalized Root Mean
Square Error (NRMSE) between simulated and observed above-ground biomass and yield were lower than 25% and 21%,
respectively, for all the varieties. Total solar radiation during wheat growing season decreased significantly at 36% of the study
stations centered in the northern, southeastern and mid-southern SWC. The effective accumulative temperature of not less than
0 C during wheat growing season increased significantly at 68% of the study stations centered in the western SWC, while
average diurnal temperature range during wheat growing season decreased significantly at 30% of study stations centered in
the mid-southern SWC (P < 0.05). Total precipitation during wheat growing season decreased at most of study stations
centered in the southern and southeastern SWC from 1961 to 2010. As a result, simulated potential yield of winter wheat also
showed a significant decline at 65% of study stations, especially in the mid-southern and northern SWC. Simulated yield of
rainfed wheat showed a significant decline at 25% of study stations, especially in the northern SWC. The contribution rates of
the decrease of solar radiation and diurnal temperature range, the increase of temperature during wheat growing season were
45%, 2% and 36%, respectively, to the reduction in simulated potential yield, and 36%, 39% and —8%, respectively, to the
reduction in simulated yield of rainfed wheat. The contribution rate of decreasing precipitation during wheat growing season
was 7% to the reduction in simulated yield of rainfed wheat. In general, solar radiation and temperature had the most obvious
effects on simulated yield variations of winter wheat in SWC from 1961 to 2010. The decrease in solar radiation and
precipitation, and the increase in temperature during winter wheat growing season led to a decline in both simulated potential
and rainfed yields at most of study stations in SWC, while the decreased diurnal temperature range had both negative and
positive effects on potential and rainfed yields, respectively. Quantifying the impacts of light, temperature and precipitation on
wheat production using APSIM model provided a sound foundation for taking countermeasures for adapting to climate change
and improving wheat yield in Southwest China.

Keywords Winter wheat; APSIM model; Climate change; Climatic factor; Potential yield; Rainfed yield; Stepwise

regression; Contribution rate
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Table 2 Sowing dates and model parameters for representative winter wheat varieties in each planting district in Southwest China

(

; ot Effective accumulative . . S Length of
L . Winter wheat Vernalization . N Grains for unit dry Year for Sowing date .
District Station . .. .. Photoperiod temperature required Year for - growing
ariet sensitivit iy alidation (month-da; X
v Y vity sensitivity from grain-filling to n(latterbof.stielr)n calibration v ( y) period (d)
maturity ('C-d) number-g
. . 3.0 33 520 18.0 1987 1988 10-10 190
Luliang Fuli
. 3.2 3.5 730 25.0 2007— 2009 10-25 195
Lijiang Xiafan 2008
81-8 1.5 2.0 420 26.0 2002— 2004 11-05 190
Wanzhou 2003
% 2.7 3.0 590 28.0 2001—=" 2003— 11-15 185
Hechuan Mianyang26 2002 2005
. . 82 1.9 2.0 800 18.0 1992— 1995 10-25 170
Luxi Baike82 1993

*

(23]

* means that model parameters for winter wheat quoted from

the reference [23]. Both years for calibration and validation are the harvest years of winter wheat.

R3 APSIM REGHINELEFH . EMEM=ERMULROWIE

Table 3 Validation results of APSIM model simulated development stages, above-ground biomass and yield of winter wheat

RMSE RMSE for growth duration (d) NRMSE (%)
Variety - - -
Sowing to emergence Sowing to flowering Sowing to maturity Above-ground biomass Yield
Fuli 0.0 5.0 5.0 25.0 20.8
Xiafan 1.0 4.0 2.0 13.0 53
81-8" 1.0 3.0 0.0 6.8 16.8
. 26 0.8 0.8 3.2 17.1 20.3
Mianyang26
82 Baike82 1.0 7.0 4.0 15.7 11.9
* [23] * means that the validation result of the winter wheat variety quoted from the reference [23].
x4 19612010 FAFZIMERZ/NEERFLEY. 20 CAYRE. ERBREMSIEKBSIEMN R EHE

Table 4 Means of climate tendency of solar radiation, = 0 ‘C accumulated temperature, diurnal temperature range and precipitation

during winter wheat growing season in each planting district in Southwest China from 1961 to 2010

=0 C
District Tendency rate ?lf solajl Tendency rate of =0 C Tendency rate of diurnalﬁl Tendency rate of )
radiation (MJ-m™'+10a™") accumulated temperature (‘C-d-10a”')  temperature range (‘C-10a™") precipitation (mm-10a™")
1 -5.3 48.1 -0.24 -10.8
1l -20.9 56.7 -0.13 1.8
11T —28.6 27.3 —0.08 -5.8
v —18.3 31.1 -0.15 -8.4
\Y% 5.7 42.9 -0.15 -5.9
;50 61% , ,
, 41% .
(P<0.05), , 45 98%
-31 kghm210a”'(  3), , 82% 11%,
45 , ,
723 kg-hm?10a" 1961—2010 ( 6
0.63 MJ'm2, 1.22 C, 18 ,
0.70 C, 45% 529 kg-hm>10a™' 1961—2010
36% 2% 0.47 MJ-m™, 1.11 C,
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Fig. 2 Spatial distribution of climate tendency of solar radiation (a), = 0 ‘C accumulated temperature (b), diurnal temperature
range (c) and precipitation (d) during winter wheat growing season in each planting district in Southwest China from 1961 to 2010
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Fig. 3 Spatial distribution of simulated potential yields (a) and rainfed yields (b) and their climate tendency rates (c, d) of winter
wheat in Southwest China from 1961 to 2010
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Table 5 Simulated potential and rainfed yields of winter wheat and their change rates in each planting district in Southwest China from 1961 to 2010

Potential yield Change rate of potential yield Rainfed yield Change rate of rainfed yield

District

(kg-hm™?) (kg-hm>10a™") (kg-hm™?) (kg-hm>-10a™")
I 5848 —43 3710 15
I 7241 -136 4632 -55
11 6371 -169 5700 -56
v 4729 -137 4 466 -88
\Y% 4081 -35 3670 26

*6 MEMXARMRZNEERFTRSRAFHEBEESSNZMEERTBE
Table 6 Influence degrees and contribution rates of growing season climate factors on simulated potential yield of winter wheat in
different sites in Southwest China

Standardize regression coefficient Contribution rate (%)

District Station Radiation Temperature Diurnal Radiation Temperature Diurnal
temperature range temperature range
I Panxian+ 0.986" —0.456"" -0.322" 66 -15 43
Chuxiong 0.903" -0.086 —0.154 97 — —
Xingyi 0.795" -0.350" —0.067 77 45 —
I Wenjiang 0.649" —0.154 0.251" 63 — 16
Dujiangyan 0.839" -0.103 -0.026 74 — —
Mianyang 0.729" -0.079 0.037 68 — —
Ya’an 0.707" —0.149 0.108 49 — —
Leshan 0.937" —0.249" —0.104 67 22 —
Muli 0.396" -0.486" -0.137 34 69 —
Gongshan 0.919" 0.002 —0.411" 46 — 5
Xichang 0.378" -0.512" 0.087 52 79 —
Baoshan 0.375" -0.471" 0.214 -23 113 —
Wanyuan 0.778" —0.147 -0.007 59 — —
il Yibin 0.841" —0.443" 0.127 61 23 —
Bazhong 0.842" -0.383" 0.074 53 17 —
Fengjie 0.640" -0.431" -0.019 42 54 —
Suining 0.851" -0.376" 0.025 66 17 —
Nanchong 0.930" -0.391" 0.019 68 13 —
Neijiang 0.903" -0.476" —0.046 65 19 —
Naxi 0.856" -0.502" -0.027 71 44 —
Bijie 0.801" —0.138 0.235 50 — —
Tongren 0.663" -0.371" 0.101 27 60 —
Qianxi 0.749" -0.720"" 0.540" 28 41 8
Guiyang 0.813" -0.273" 0.272 84 -2 —
Wangmo 0.801" -0.598" -0.229 21 90 —
Luodian 0.745" —-0.493" 0.183 56 40 —
Dushan 0.773" -0.286"" 0.233 67 25 —
Rongjiang 0.701" —-0.399"" 0.151 60 46 —
v Shapingba 0.807" -0.592" -0.029 59 26 —
Tongzi 0.906" -0.349" 0.183 33 44 —
Zunyi 0.608" -0.276" 0.073 42 56 —
Meitan 0.275 -0.323" 0.763" — 39 24
Sinan 0.707"" —0.483" 0.277 26 52 —
Kaili 0.731"" -0.354" 0.077 30 39 —
\Y% Huize+ 0.948" -0.612" -0.139 155 -123 —
Kunming 0.663" -0.508" 0.168 49 49 —
Zhanyi 0.902" -0.517" -0.163 49 43 —
Ruili 0.752" -0.777" -0.025 -17 160 —
Yuxi 0.777" ~0.401" 0.014 48 42 —
Luxi 0.936" -0.466" —0.011 44 45 —
Gengma+ 0.450" -0.727" 0 36 57 —
Lincang 0.692" —0.842" 0 -23 138 —
Simao 0.673" -0.670" 0.013 -5 127 —
Mengzi 0.816" -0.891" -0.138 26 72 —
*k P<0.01, * P<0.05, + ** stands for significance at 0.01 level, * stands for

significance at 0.05 level, + means the yield in the site increased significantly. The same below.
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Table 7 Influence degrees and contribution rates of growing season climate factors on simulated rainfed yields of winter wheat in
different sites in Southwest China

Standardize regression coefficient Contribution rate (%)
pistriet Station Radiation Temperature tempgziil'slrlrrlslrange Precipitation Radiation Temperature tempgiltllrxrrlglrange Precipitation
I Xingyi 0.742"  -0.364" —0.402" 0.227 69 44 -21 —
I Dujiangyan  0.540"  -0.380" -0.253 0.126 53 29 — —
Ya’an 0.664" 0309 —0.094 0.074 50 39 — —
Muli 0.183 —0.083 0.060 0.688" — — — 55
Gongshan 0.787"  -0.147 —0.544 -0.176 34 — 6 —
Wanyuan 0.768"  —0.141 -0.037 0.058 60 — — —
il Langzhong 0.195 -0.287" -0.307" 0.357" — 26 39 8
Bazhong 0.703"  -0.222 -0.356" 0.165 60 — -4 —
Fengjie 06137  -0.429" —0.081 -0.101 38 51 — —
Nanchong 04697  —0.108 —0.783" 0.205 57 — 22 —
Tongren 0.663"  -0.371" 0.526 -0.013 27 60 — —
Dushan 07777 -0.326" 0.210 —0.090 67 30 — —
\Y Shapingba  0.727"  -0.624"" -0.203 0.005 57 30 — —
Sinan 0.697"  -0.486" 0.249 -0.038 26 53 — —
Vv Huize+ 0.149 ~0.030 —0.542"" 0.243" — — 66 9
Gengma-+ 03267  -0.787" —0.112 0.061 28 66 — —
Simao 0.673"7  -0.792" —0.449™ —0.145 -7 216 -84 —
Mengzi 0.489"  —0.749" -0.136 —0.050 21 83 — —
) 1.5~2.9,
, 2.0~3.9,
, 420~600 ‘C-d, 23.0~
, 33.0[4—5,10,27—28] 4
1.5~3.0 2.0~3.5 420~800 C-d 18.0~
28.0, R ,
( 3
, 1961—2010
3 WitE%ER
, )
NRMSE 30%, [6-7.29-30]
[25] _
NRMSE  24%~28%, ,
[26]
, ,
NRMSE 10% 37% , ;
, APSIM , )
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Table 8 Comparison of the variation rate of meteorological yield and simulated rainfed yield anomaly of winter wheat at the typical stations

Low

yield year

Normal yield year

High yield year

Station Variation rate of L Variation rate of L Variation rate of L

Year meteorological Var1'at10n rgte of Year meteorological Var1.at10n rgte of Year meteorological Varl.anon r?.te

el el i e 0 renfedvied vl ()Tt vl
1987 -32.0 -16.2 1985 1.9 47 1984 15.6 1.1
Youyang ) geg -17.1 -7.8 1986 03 2.3 1991 35.0 10.1
1994 —25.4 —4.7 1989 -8.8 -3.1 1992 17.2 5.1
2001 —54.7 -16.1 1990 -8.8 -8.2 1993 16.3 6.0
2002 -38.5 ~11.8 1995 49 -0.9 1996 423 11.0
2003 -11.2 —5.4 2008 0 0.6 1998 28.3 14
2009 —45.8 -11.4 — — — 1999 55.1 9.5
— — — — — — 2000 54.6 9.8
_ _ — — — — 2004 47.4 11.5
— — — — — — 2005 349 5.7
— — — — — — 2006 64.2 10.8
— — — — — — 2007 183 9.6
1981 -21.2 -10.9 1988 -8.2 -2.9 1982 10.9 10.2
Yuxi 1984 -10.2 -12.2 1989 -6.9 238 1983 53.9 23.0
1985 —64.6 -31.3 1991 3.1 -13 1987 17.7 10.5
1990 -12.1 -1.8 1996 -1.3 0.6 1994 36.0 20.3
1992 -13.1 -2.6 1997 2.8 -3.5 1998 10.4 7.4
1993 ~12.5 -4.7 2000 7.0 7.1 2005 36.5 11.9
1995 -12.1 -4.6 2001 24 1.4 2006 17.9 9.4
1999 -12.6 4.1 2002 9.7 -3.6 2007 11.6 9.0
— — — 2003 0.2 10.6 2008 13.7 1.1
— — — 2004 2.1 2.4 2009 38.4 8.6
1981 -18.8 -8.0 1982 3.2 3.4 1983 21.8 10.5
Bazhong 1 geg -52.6 -11.6 1984 -0.6 1.9 1985 26.1 5.9
1989 -12.9 -4.8 1992 9.6 9.3 1986 14.8 6.4
1990 -345 -8.1 2008 73 6.1 1987 25.1 9.9
1991 -19.4 -7.7 — — — 1994 449 10.9
1993 -18.3 -1.3 — — — 1997 21.9 5.0
1995 10.7 -7.8 — — — 1998 30.4 5.4
1996 -26.6 -55 — — — 2000 20.7 53
1999 -11.5 1.0 — — — 2001 18.8 6.2
2002 -30.4 -1.7 — — — 2006 60.5 10.4
2003 -20.8 -53 — — — 2010 53 4.9
2004 -29.6 —6.4 — — — — — —
2005 -21.2 -6.9 — — — — — —
2009 -13.7 —4.4 — — — — — —

s 5 5
[31-34] ’ 10
5
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