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Abstract: Background, aim, and scope Climate change has significantly impacted agriculture, which is not only
related to food security, but also to industrial production through the harvesting of raw materials. Therefore, it is
essential to study the impact of climate change on agricultural production in the context of global climate change.
The present study was undertaken to identify the key climate factors that have significant impacts on rice yields
and evaluate historical climate effects based on the estimation of the climate—yield relationship. As Guangdong
Province is a major rice producing area and experiences frequent extreme climate events, we limited our scope
to early and late rice grown in Guangdong. Materials and methods Many approaches have been proposed for
climate —yield relationship estimation, such as the yield decomposition method, which decomposes yield
variation into different parts associated with technique, climate and other random factors, and then regresses the
yield with climate factors. This study applied the production function approach, which reflects the relationship
between rice yield and material inputs such as fertilizer, and then introduced the monthly climate factors of
temperature and precipitation into that function. This approach enabled us not only to estimate the effects of
material inputs and climate factors on crop yields simultaneously, but also to identify the key climate factors at a
finer time scale. We thus collected data on rice yield, material inputs (such as fertilizer, labor, agrichemicals, and
films), and climate factors, including temperature, denoted by growing degree days (GDD), and precipitation at
the prefecture-level in Guangdong Province during 1992—2016. With the above data, we performed fixed effect
panel regression. Results The study successfully identified the key climate factors affecting rice crops and found
that the climate effects of monthly GDD and precipitation on the rice yield are distinct between early rice and
late rice. (1) The GDD in April and June, as well as precipitation from June to July, have a significant impact on
the yield of early rice. (2) The GDD and precipitation during the full growth period (June—November), except
July, are the key climatic factors affecting the late rice yield. The analysis indicates that the increase in effective
GDD is generally conducive to increases in rice yield, while the increase in precipitation has an adverse effect on
rice yield. Moreover, we evaluated the historical climate effects on the rice yield and obtained historical trends
in climate losses/gains of rice yield. This analysis shows the following: (1) obvious inter-annual fluctuations of
climate-related yield change are observed, but there are no significant long-term trends; (2) the impact of climate
change on rice yield has shown a positive effect in recent years. Discussion Theoretically, there should exist
optimal climate conditions for each crop. However, this study failed to characterize the nonlinear relationship
between the yield and climate factors, or to estimate the optimal climatic conditions corresponding to the highest
yield. Previous studies that found such a nonlinear relationship have used the mean value of climate factors,
while this study introduced climate factors at a finer time scale to identify the key climate factors during different
growing stages. Another explanation for this discrepancy is that our model is linear because quadratic terms of
climate variables would complicate the model, and the current dataset are insufficient to estimate such a non-
linear statistical model. Conclusions The main conclusions include the following: (1) the historical aggregated
climate effects on rice yield are positive, although the key influencing climate factors are distinct among crop
varieties and growing stages; (2) early rice is more sensitive to climate change compared to late rice, and the
climate loss gradually increases from north to south for early rice, but gradually increases from east to west for
late rice. Therefore, the counter-measures to adapt to climate change should be specific for different rice varieties
and regions. Recommendations and perspectives This study has proposed a novel method that simultaneously
estimates the effects of input factors and climate factors on yields, specifically at a finer monthly time scale.
Although some progress has been made, it still failed to provide a thorough picture of all major crops and across
the whole scope of China. Therefore, we suggest future research to complete this picture by identifying the key
climate factors affecting the yield of all other crops and to evaluate the climate losses or gains of historical as well
as future climate change.
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Tab. 1 Identification of significant climate variables affecting early rice yield
Ap i 155 Models
Independent variables ml m2 m3 m4 m5
1.74092%** 0.91466*** 1.84284%** 1.63021*** 1.62912%**
S (358.65) (6.03) 113.71) (8.78) (35.78)
F —0.08183*** —0.09733%*** —0.08473%** —0.08044*** —0.07708***
(~7.64) (~8.75) (~8.54) (~7.42) (—8.09)
0.00041%** 0.00061%** 0.00065%**
odd4
(2.78) (4.20) (5.01)
odds 0.00027 0.00025
(1.45) (1.39)
0.00133%** —0.00000
gdd6
(5.96) (-0.01)
odd7 —0.00003 —0.00019
(-0.14) (-0.65)
0.00003 0.00007* 0.00008%*%*
P 0.75) (1.82) @.15)
0.00001 0.00003
s (0.48) (1.07)
—0.00027%*** —0.00024*** —0.00024***
p6 (—10.91) (~7.50) (-9.67)
7 —0.00006* —0.00010** —0.00008***
(—1.94) (-2.39) (-2.63)
R 0.11701 0.25116 0.31080 0.35238 0.34800

*: P<<0.1, **. P<C0.05, ***:. P<0.01,

FES N T, B m1 A ™ BRI, InF A RICH AR EUE , HAR AR A WA e 08 m2 Rl m3
SRR A BRI AN K B SRR . AR ma A [R5 A BRI K I SRS AR ARA mS S R R B RS IS
RFFRERL, gddd— gdd7 MBI 4—7 AR AEARENR, ps4—p7 518 4—7 ARIFBK G

T statistics in parentheses. Model m1 is the basic production function model, InF is the log of fertilizer input, other input is not significant and
thus eliminated; model m2 and m3 have introduced GDD and precipitation separately; model m4 has introduced all climate factors of GDD and

precipitation; model m5 further eliminated those insignificant climate factors. gdd4—gdd7 represent the growing degree days from April to July,

and p4—p7 represent the precipitation from April to July, respectively.
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Ao
2.1.2 g
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Tab. 2 Identification results of significant climate variables affecting late rice yield

HAS FEAL Models
Independent variables ml m2 m3 m4 mS5
1.71570%* 0.95254%%% 1.79735%%x 1.66070%** 1.77545% %
cons
- (378.46) (5.22) (98.75) (6.73) (17.43)
. ~0.06229%%* —0.07701%%* —0.05642%%* ~0.05960*** —0.05679%%*
n
(-622) (-7.33) (~5.66) (-5.79) (~5.70)
0.00064%** 0.00008
gdd6 (3.24) (0.28)
0.00015 0.00046
gdd7 (0.63) (1.58)
0.00096*** ~0.00018
gdds (3.08) (—0.47)
~0.00102%%* ~0.00107#%* ~0.00103%%*
¢dd9
(-4.62) (-4.47) (-5.09)
0.00085%** 0.00112%+* 0.00122%%*
2dd10
(6.20) (7.60) ©.21)
0.00024* 0.00022 0.00027**
gddil (1.76) (1.61) 2.23)
] —0.00014*%* —0.00017%%* —0.00018%%*
P (~5.49) (-4.91) (-7.58)
, 0.00004 0.00003
r (1.40) 0.73)
. ~0.00006* —0.00018%%* —0.00018%%*
r (-1.92) (-4.17) (~5.49)
. —0.00011%* ~0.00003
r (-2.53) (-0.73)
o 0.00014** 0.00004
& (2.43) (0.63)
o —0.00026*%* —0.00039%%* —0.00038%%*
& (~3.25) (~5.00) (-5.17)
R 0.08093 0.22538 0.19198 033772 0.33188

*: P<0.1, **: P<<0.05, ***. P<0.01.

TSR TEEHE . B m1 A Pe R BOE AR, InF LIRS A RIRTEUE, HA A ZAR B BRI LR #8 m2 Al m3 4>
FABIATE SR B S AL s AL md [R5 | AT RO AN B K B S A B ma i 76 5 AEAY mS A 2B th 25725 o s () A A
SUMARRL, gdd6— gdd11 23BN 6— 11 H i H BEEARBIR, p6—pll 43513m 6— 11 H KK &,

T statistics in parentheses. Model ml is the basic production function model, InF is the log of fertilizer input, other input is not significant and

thus eliminated; model m2 and m3 have introduced GDD and precipitation separately; model m4 has introduced all climate factors of GDD and

precipitation; model m5 further eliminated those insignificant climate factors. gdd6— gddl11 represent the growing degree days from June to

November, and p6—p11 represent the precipitation from June to November, respectively.
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Fig. 2 The effect of climate change on the yield of early rice and late rice in each city
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