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Simulation of summer maize yield influenced by potential drought in China
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Abstract; Maize is one of the most important crops in China, both as human food and livestock feed. However, drought has
become the key climate disaster affecting the maize production recently, particularly in northern part of the country, a
primary maize cultivation area in China. The temporal and spatial changes of drought impact on maize have therefore aroused
more and more concerns. Most previous studies investigated the drought impacts through climate indices methods, such as
SPI, which usually neglected the crop responses to different degrees of drought stresses and the different drought- resistant
characteristics between crop genotypes. This study assessed the potential impacts of past drought anomaly (1961—2010) on
yield of summer maize, using a process-based crop model, CERES-Maize. The model was drove with the daily weather data
and soil data based in every 50 km x50 km grid. The output of model included the rainfed yield and irrigated yield in grid,
if and only if which grew summer maize. The yield difference between the irrigated and rainfed was defined as the potential
yield loss caused by drought. And we used the anomaly percentage of potential yield loss to reflect the interannual and

interdecadal variation of estimated impact of drought on summer maize yield. Then we calculated the location of the drought
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affecting center from 1961 to 2010, which were divided in 5 decades (1960s:1961—1970, 1970s:1971—1980, 1980s:
1981—1990, 1990s:1991—2000, 2000s;2001—2010). At last, we examined the relationships between estimated yield
impacts and recorded indices of atmosphere circulation, to understand the underlying drivers of past drought risks. The
indices were averaged over the summer maize prior growing-season ( Nov-Apr) and growing-season ( May-Oct) respectively.
Our results demonstrate: (1) the irrigated yield exhibited a slight and insignificant ( P>0.05) decrease from 1961 to 2010,
while the rainfed yield exhibited a slight and insignificant (P>0.05) increase. So the potential yield loss in summer maize
due to past drought anomaly exhibited a slight and insignificant ( P>0.05) decrease, suggesting a decreased drought risk for
summer maize production in China. But the potential yield loss experienced a significant increase (P<0.05) in the past two
decades (1960s, 1990s) , indicating a temporal fluctuation of the risk. (2) The cultivation area with a largest estimated
loss in production due to drought experienced a clear northeastern move during the past 50 years, because the production
loss decreased in north China while increased in northeast China with the changes in precipitation and temperature patterns.
Besides, the period of 1960s—1970s and 1990s—2000s had the largest drift of the drought affecting center. (3) Estimated
yield loss and location of the main drought affecting area demonstrated significant ( P <0.05) correlations to a few
atmosphere indices related to North Pole Vortex and subtropical high system. A weaker North Pole Vortex before or during
the maize growing season associated with a less serious drought effect with affecting center located in further northern and

eastern areas, vice versa. Subtropical high system also affected the drought risk for summer maize, but differed with indices.

Key Words: summer maize ; crop model ; drought ; north polar vortex ; subtropical high system
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Table 1 Correlation coefficients between atmospheric indices during the summer maize prior growing-season ( Nov—Apr) or growing-season

(May—Oct) with the location (latitude and longitude) of drought affecting center

A& Z B Correlation coefficients

ARERI(1IL A—4 H)

AEREFII(S A—10 H)

jtﬁ%ﬁm% Prior growing-season ( Nov—Apr) Growing-season ( May—Oct )
Atmospheric Indices
23 2 G L5
Longitude Latitude Longitude Latitude
R = R T A3k B A A 0.1196 0.2137 0.0983 0.3663 **
Subtropical High KV Rl e T AR AR 4 -0.0442 -0.3064 * 0.0793 0.0828
System Indices JbAE Rl v R B R AL 0.0776 0.1308 0.1100 0.3025*
TRV ) v e R A -0.0557 -0.3026 " 0.1157 -0.0231
ekl B L& 0.0381 0.0437 0.3222* 0.1577
BB NN S | Sl s 2 -0.0110 -0.1471 0.3189 " 0.1948
RATPER R -0.1449 -0.3365 * 0.1136 0.1463
KPGTERI AL -0.0907 -0.3710*" 0.3164 0.1843
MR E AL -0.1631 -0.1435 -0.2277 -0.4291**
PV Bl A 0.1106 0.1507 0.3081 " 0.1063
AR AR -0.1467 -0.3685 0.0449 0.1076
PRSI -0.1820 -0.4571*" 0.1056 -0.0441
mEA S AL A -0.2470 -0.1501 -0.2354 -0.4205 **
bk N+ S DX AR % TR AR 4 -0.3604 ** -0.3066 * -0.1171 -0.2682
North Polar At 2 DR R T B AE 4 -0.0726 -0.4608 ** -0.0787 -0.1024
Vortex Indices VG PR R DX AR 164 T FR 46 4K -0.2880 " -0.4683 ** -0.3322* -0.0568
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AU 26 DX R i 4 48 4 -0.0700 -0.0626 -0.0188 -0.2773 "
At BRI R B 5 5 -0.0635 -0.2219 -0.1695 -0.3720 **
A2 BRI Lo B 0.1390 0.1239 0.0829 0.3809 **
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