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Study on the impact of climate change during rice’s growing
seasons on rice yield in main region: An empirical analysis
based on the extended C-D production function
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Abstract By establishing an extended C-D production function model and using the rice production and meteorological
data of China’s 15 rice-producing provinces from 1984 to 2014, an empirical analysis of the influence of climate change
in rice’ s growing seasons on rice production was conducted and the nonlinear and regional difference of climate factors’
effects was observed. The results showed that increasing precipitation had a significantly negative impact on rice yield.
However, the impacts on different regions were different. Meanwhile, quadratic precipitation had a significantly
negative impact on rice yield. On the whole, the precipitation had a negative impact on the northeast, eastern, central
and southern regions of China, while had a positive impact on the southwest region. Besides, rising temperature had a
significantly negative impact on rice yield and there existed a “U” shape relationship between temperature change and
rice yield. On the whole, the temperature had a negative impact on the eastern, central, southern and southwest
regions of China, while had a positive impact on the northeast region.
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Table 1 Statistic results of main variables

GBI ¥i{H T 22 /M PN

Variable Mean Std. Dev. Minimum Maximum
JKFG 27 / (kg/hm?) Rice yield 6 085.32 1106.18 3746.20 9 019.90
SN/ brES73h A /hm®) Labor inputs 234.53 114. 36 57. 45 588. 00
FBAEHE A/ (5C/hm?) Fertilizer inputs 1974.02 423.02 912.18 3 380.11
By 5 4% A/ (56 /hm?) Other material inputs 2 872.05 1 080. 44 960.21 6 010.96
W%k £ /mm Precipitation 137. 86 39. 45 61.45 255. 95
S W/°C Temperature 22. 14 1.96 17.07 25. 87
ARSI A7 3P B 3 Crops’ minimum purchase prices 0. 26 0. 44 0. 00 1. 00
HUE L HEHMIG B S Policy-related grain subsidy 0.23 0. 42 0. 00 1.00

e FEAS UL ER A HUCh 465,

Note: The number of observations is 465.

& 2 Pool OLS.Prais-Winsten & FGLS it 4 82
Table 2 Estimation results of Pool OLS,Prais-Winsten and FGLS methods

OLS(1) PW(2) FGLS(3)
Explanatory Variable E3 44 bR i RE o 74 15 RE T 1 1%
Coefficient Std. Dev Coefficient Std. Dev Coefficient Std. Dev
55 5% A (InD) —0.165"" 0.026 —0.118" 0.032 —0.167"" 0.011
A (InF) 0.232" 0.032 0.178" 0.036 0.109 " 0.015
HoAth iy B A (InOMD 0. 008 0. 026 0. 057 0. 034 0.017 0.013
[% 7K (PRE) —0. 063" 0. 009 —0.035"" 0. 006 —0.088"" 0. 006
S (TEMD —0.048"" 0.014 —0.053" 0. 164 —0.096"" 0.010
R K ¥ J5 (PRE®) 0. 007" 0.003 0.004" 0. 002 0.009" 0.001
SRS (TEM?) —0. 065 0.0036 —0.039"" 0.010 —0.041" 0. 005
[ 7K X ZR At i X (PREX NE) 0.047" 0.023 —0.011 0.022 0.084 " 0.012
[ 7K X 4 75 b X (PRE X EC) 0.013 0.013 0.003 0. 008 0.017" 0. 009
R 7K X 4E R b X (PRE X SC) —0.048" 0.013 —0.029" 0.011 0.002 0.008
R 7K X 75 7 b X (PRE X SW) 0.132* 0.035 0.066 " 0.023 0.115"* 0.014
AR X R AL X (TEM X NE) —0.028 0.038 0.039 0. 043 0.068" 0.021
SR XERMX (TEMXEC) —0.015 0.014 0.005 0.017 —0.025"" 0.010
B IR X AR H X (TEM X SC) 0.002 0.013 —0.021 0.017 0.041" 0.008
Al X VYR HE X (TEM X SW) —0.041" 0. 045 —0. 005 0. 044 0.036" 0.021
W BUR(ZD )
0.031* 0.015 0.026 0.017 0.049" 0.006

Grain price policy(Z;)
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2 2(8)
OLS(1) PW(2) FGLS(3)
%%Qi S — SN M| — YUY A — SV
£ b U 1R RE bR e R E PR fE 1R

Explanatory Variable

Coefficient Std. Dev Coefficient Std. Dev Coefficient Std. Dev

WEEMZ)

—0.009 0.018 —0.001 0.018 0.009 0. 006
Grain direct subsidy(Z;)
A ] #4 #5300 Time trend 0. 001 0. 001 0.001 0. 002 0. 002" 0. 000
W Constant term 5.301" 0.167 5.167" 0.212 5.835™ 0. 094
% R* Adjust R* 0.690 0. 965 0.910
WLEEE % Observation 165 165 165

95 VERE DR A G 25 2R, AT o 2 ) Sy 2% V]
PN AR G K 2H ] (] 393 AH O 1 4 30 25 ROk B e . i i
Greene Wald #6; 56 45 5 3 W] T M 250408 £ 16 28 18] S5+ I
7, Wooldridge Wald % % i — & 156 BI 7 1 — B 4.
N B, J)5,Breusch-Pagan LM £ 56 4% 5 32 0
FEAEAL I AR OC D, B, AR BF 90 Je 23 % FGLS
flitt 45 . FGLS At 45 R i #& R* 25 0. 910, %
AH AR Y 25 T IR L A8 A KRS B 7= 5 i R 2R T R Y
fiR BERE 1 91. 00 20, RIS PR 3R I 44 1l A% 4 55
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— A PR IE AR TR A T 28 2R 9 AR A 7 » S BF 5 3 o A ik
AR J7 AT TR PR A K BAR SR WK 3.
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P A BT R 2R . I AN SR B AG 145
RICEFRAE
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Table 3 Robustness test’s results of FGLS estimate
BEAY 1 B 2 B 3
75 B Model 1 Model 2 Model 3
Independent variable R i e 2 R b e 2 R i e 12
Coefficient Std. Dev Coefficient Std. Dev Coefficient Std. Dev
F A (InD) —0.121 9 0.010 —0.172 9 0.011 —0.170" 0.013
AHE A (InF) 0.362 9 0.021 0.165 9 0. 020 0.171" 0.021
HoAh 4 57 $e A (InOM) —0.099 9 0.016 0.061 9 0.016 0.017 0.015
Kk (PRE) —0.024 9 0. 004 —0.054 9 0. 004 —0.049 " 0. 008
SR (TEM) —0.083 9* 0. 004 —0.047 9 0. 004 —0.158* 0. 009
[ 7K (PRE®) 0.004 9 0. 001
IR (TEM®) —0.070 9" 0.003
Rk X A bt X (PREX NE) 0.028" 0.013
[ 7K X 4B 7R b IX (PRE X EC) 0.014 0. 009

@ Greene Wald Ko 56 1945350 1 467. 12, %F W # P {H M 0. 000 0; Wooldridge Wald # % ) 4¢ i+ 4 3. 903, X} B A9 P {H M 0. 068 2;

Breusch-Pagan LM #5619 48 1152 221. 025, %} W () P {2k 0. 000 0,
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%340
R 1 R 2 i 3
£ 75 B Model 1 Model 2 Model 3
Independent variable R i R b 2 R iR
Coefficient Std. Dev Coefficient Std. Dev Coefficient Std. Dev

[ K X 4 F i X (PRE X SC) —0.048" 0. 009
[ 7K X P G HiL X (PRE X SW) 0.093"" 0.017
S X AR X (TEM X NE) 0.212* 0.013
SR XAER X (TEM X EC) —0.020 0.013
SR X AL X (TEM X SC) 0. 040" 0.010
AR X PR i X (TEM X SW) 0.082™ 0. 025
WA BUR (Z) 0.036 9 0. 005 0.051 9 0. 006 0.051" 0. 006
Grain price policy(Z,)
WEEANZD —0.049 9 0. 009 0.012 0.008 0.014" 0.007
Grain direct subsidy(Z,)
B[] #3435 Time trend 0.006 9 0.001 —0.001 9~ 0.001 0. 001 0.001
# B0 Constant term 4,959 0.103 5.400 9 0. 099 5.559" 0.107
J% R* Adjust R 0. 807 0. 879 0. 886
WLEL{E %% Observation 465 465 465
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A KRR B BA I 0 G 1) R A IS B A
LA B At ) Joit 5 A K A B B BRARGE I . (R
o MR AT R AR AN B LA B AR 25 25 P R

KA B B B R AR VE . 55 B R AR K R PR
7 I B S L 3X T B 5 AR A AT A TE B 4% 55 B
VKo G4 AR T S b Ak I it AR
A 2 BB A5 At 7 I 43 AR 3 KK R B, o gk
JE 45 A Sk K R B 5 v R W e . T, R KRS
s R AIE R R A SR ERBA
&% EEAER .
3.3 £ FHSETAKBESILRENE

AP C-D A 7= B S B 45 5 AL
B HIC6) o 2545 A IR 3R 1 b o 25 R 43 500 )
T A R K RS 4 AR B X 4% b XK R L7 1
BRI (R 4,

MR 4 LA KRG A T I B K B i B4 R
P Hh DX KRR B 2D X — 208 5 R AR 1 ATF 9T
iR -, AR XOREETHNHA
SR K S R 10 mm, ZR Jb Kb X K RS B 7
0. 386 %0 ~0. 506 6 » 1 2% b X 7K A 27 ik 7= 1. 469 %6 ~
1. 743%, 4 b M X K BF B = 08 = 1. 04000 ~
6.076 %, & F Hb X K AF B = 9 = 0. 9680 ~
1.089% . i H V¥ /K 7 A 34 im 10 mm, 74 5 Hh
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Table 4 Marginal impact of climate change in rice’s growing seasons on rice production in each region

%
SN !
X Precipitation Temperature
Region TR R TR LR
Lower bound  Upper bound Lower bound  Upper bound

Rt X —0.506 —0.386 0.454 3.439
Northeast region
LR X —1.743 —1.469 —4.874 —2.371
East region
A X —6.076 —1.040 —4.636 —2.305
Central region
AT Hb X —1.089 —0.968 —4.323 —0.177
South region
P4 b X 0.427 0.501 —0.937 —0.807

Southwest region

R EE S B R H KRN 10 mm P2 SR E 43 80, A FHEE A TS 1 CHEAE )

NSRS

Notes: The values in the table represent the 10 mm increase of monthly mean precipitation caused the

percentage changes of rice yield, the 1 ° C increase of monthly mean temperature caused the

percentage changes of rice yield.

X KRG BA =T 0. 427 % ~0. 501% ., X —HWF 5% 45
5 B R AT R ST 4 R A — . Ve X R
TRIG A R T AR B 4 e 3 PR AR AR AL
o8 VG R b DX R R B R R AN 4 4L 2010 PH R
Hb DX e A R T L A 2 0 K 3 A R T 2 i 5
1 A BT KRG = 4R

KR AR BN AR T S 304 R 40 b XK
FEs =l . BARRI M IXORE , H ¥ AR A TS
1 °C AR AR Ml XK R 57 9™ 2. 37100 ~ 4. 87406, 4
rf Ml X KRG B PR U 2. 305 % ~4. 636 %, ARG HLIX
IKAG B2 7 0. 177 % ~4. 323 % , V4 5 Hb [X 7K e 2
PR 0. 807 % ~0.937% ., i A ¥R AT E
1 °C AR b il XK R 58 7= 2 1 0. 454 % ~ 3. 439 %,
BT K RS B PE R B i B 5 R 0B 7R 455 K Chen
S O 4 R HE A — 3, e Peng 2T AF 5T 45
TR/ AR AC KR BRL 7= (1 38 7 R B 0 SR
A 5T 45 3R LU0 . T b DOK R A= B I <R
TR T KRG 4 L AT R JE R AR T
A 5 Tk T 5 5 A oty A A R K R A
BT ANFIFZ M . ARG XAR T R T KRS
P v o T RE Y R SO T R R A T PGS XK

i 4 2 B R B IE 1035 P 75 4 B T K
W P P RETE G AT 76 A B 1525 7
TR 7

4 FREHREY

AHEGE s IR K SR A SR B DL SR R 4%
AT B R T A AR A xR K R BRI 5
W, I 2R G0 2% 58 T A A0 R 3R K R B AR bk X
2 SRR R A5 LR S50

B SR L KRS A W R K 0 X K
By LA 7 ) B 0 (R () X EL R S i A AN TR
[e] Bf o B 7K 78 A ) — YR I X6 K R B = B B I
ASEIN o 5 A s B K R kT VG e DX K R PR 1 i
B3 M A AE X 2R b i DXL A2 2R i DXL A i X DL
A T b DX 7R B 7= 1) 20 o 5 i R 7

5 VAR LF KR A B AR T X KR
By HLA ) 2R, ELACHR AR R I R TS KRS A
FEAEAECE U BV R, e Ah, SR T RO AR 7R M
X AE b X AR R b X DL R P R b XK RS B Y
B 32 M Sk A7, 17 % AR b Bl DX K R B Y 7 PR R e
HIE.
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FRAE LA L AR5 4536 - A 58 48 A B I
B — KA AR R AR BT IR A AR OC B
S BRAAEAR B2 IR L TS 43 b DX BRI R A5 3 2
B AR T AR AT P S . AR AR A TR K R
AT AR R I oA 3 B A AE & IR . HL,
25 1l DX N 2 b S B R S A A B KRS AR B
AR B A VR AT AT e i R o 3 Ak A Ak Y A
KRG . BRI A R E T RS R
A AT [ AR b Ml DX Ah SR T X K R R
HA R FIRE 0, R 45 3 X 56 Ak ARl <
G2 9 E T TAE S i A B K R i 4 2 3% RN 4k
P R P ARG K FE R WU R TR AR
Ui S ABE X K AR AR 7 R B 52 e TR i R 6 ARl
AW AR PRI B 32 A T BE L B R P g Al A
SRR o 55 = AR IR Bl B A R B A K R
PFHARERZEEH. WL, ZE WA R T L A
N3 R N e e N i LB
S TE A TF R RR A AT | 2l B KRB SRR IR oK R
A PR AR RSB L LT Ml & 7 B 2R B A R R K R
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