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China’s grain yield loss under climate shocks

ZHANG Yongxiang, QI Yingjun, MU Yueying"

(College of Economies and Management, China Agricultural University, Beijing 100083, China)

Abstract Based on daily meteorological data and county-level statistical data in China, this study combines
theoretical models and empirical frameworks to systematically examine the compound effects of short-term
extreme climate shocks and long-term climate change on grain yields. Considering regional and agricultural time,
food production losses under different climatic scenarios are investigated The study results show that: 1)Climate
change significantly amplifies the impact of extreme shocks. The marginal suppressive effect of extreme low
temperatures (yield reduction of 0.36% per’C) is 18 times larger than the impact of long-term cumulative
temperature changes, while the marginal destructive effect of drought (yield reduction of 0. 11% per mm) is 3.7
times greater than that of heavy precipitation. 2)Some of the losses from short-term shocks can be mitigated

by long-term adaptation. For example, under a 5% positive annual cumulative temperature shock, the long-term
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effect leads to a 0.40% yield decline, while the short-term impact exacerbates this to 0. 52%. 3)Regional
differences show that the effects of short-term extreme climate shocks on grain yields exhibit significant spatial
heterogeneity. The middle and lower reaches of the Yangtze River and the Loess Plateau are the most responsive
to heavy precipitation shocks, while the impacts in the Northwest Arid Zone are smaller or even reversed. 4)
Timing differences reveal a clear time window effect. Extreme high temperatures have the most significant impact
during the ‘Qingming-Lixia’ and ‘Summer Solstice-Xiaoshu’ stages, causing severe effects on spring-sown
seedlings and the tasseling and grain-filling stages. 5)Future climate projections based on CMIP6 indicate that
climate change will significantly reduce China’s grain production capacity. Even under the more optimistic
SSP126 scenario, from 2020 to 2035, the national grain yield per unit of arable land will decline by 23. 10%. The
Huanghuaihai region will experience a yield decline of 31. 85%. Based on these findings, the following policies
are recommended: strengthening agricultural infrastructure, optimizing regional water resource management,
promoting climate-resistant grains, enhancing agrometeorological early warning systems, improving agricultural
insurance and financial support, and encouraging smart agriculture and adaptive technological innovations to
enhance the resilience of the food production system.

Keywords climate change; climate extremes; grain production; losses and prediction; risk assessment
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Table 1 Variable selection and descriptive statistics

A A e S AE ¥ E T i 22
Variable Variable meaning and assignment Mean SD
HE ™ ) Yield SR L  BURR B 7 A ¢/hm? 1.767 3 0.768 8
TR Growing degree days TEW e AR BB A ROR B 231 ,°C 0 2371.164 3 860.772 2
[ 7K Precipitation PEY A I N B K A, mm 815.632 8 432.447 6
e B e AR A A — A AU BB R S 2k 20 2 698 6 8.954 7
High GDD shock AERS B 999 4 (3 K03 1) 4 XHE 2, °C ' Y
IR AR ol AR B — A SR BEBUR AR T X 20 0.652 4 1966 8
Low GDD shock SRS Bl 106 o B2 H ) 2 X {22, °C o '
e B K e g Az R A B — A AU B K R S 2k 20 = 007 9 9. 629 2
High precipitation shock SERE 3 9920 43 B 22 B 1Y 2 X 2 A, mm ’ .
IR B 7K Az KN A T U B R K IR T a2 20 0.804 4 1662 5
Low precipitation shock AEF Bl 106 43 0 B 2% 8 14 46 XFH{H =2 AT, mm ' ' 7
N _—
BRRLAE VLG A% . 7 3 TR, hon? 7911.3054 593 470.041 3
Scale of facility agriculture
i) r] e
ﬂﬂkftﬂﬂf*% . S5 — el B, U7 e 174 883.308 2 802 007.793 4
Scale of agricultural industry
el 55 8 3 4 vk

Potential of agricultural labor
supply

Al BE A S i BE T
Agricultural capital expenditure
capacity

57 81 A Labor inputs

ML A Machinery inputs
LR # A Fertiliser inputs

+ i A Land inputs

i 3% w5 ) DEM

KA JE Atmospheric pressure
AT #2 B Relative humidity

K Wind speed

YA IR Average temperature

H T8 i %% Sunshine hours

SRAT,TTA 35.998 9 27.362 8
LA R A LA, JT 8527.7196  6884.1220
AR DO A S %R 11.299 4 0.943 0
AN HLIE B3 1, 0T kW 3.084 1 0.980 0
A A Ak IR it 1 & ¢ 3.894 2 4.722 8
B BEHb T A, hm? 10.143 6 1.229 3
b 3 BE U T L m 63.572 3 1.366 7
% KA EM , Pa 92 837.750 4 10 359.297 9
b 3 AT X 16 B 0.007 7 0.002 9
Hb F2 1 24 K, m /s 5.029 9 0.9818
H R AR L C 12.964 8 5.618 2
Hb AR H BB b 5.558 8 1.486 1

TE BB AR A A Rl ™ M A R 57 80 T3 4R 1 T RO BEAR ST RE ) 97 S B HUARRE A AL B S e B A SR TR A T

SIS Bk B

Note: Values of scale of facility agriculture, scale of agricultural industry, potential of agricultural labor supply, agricultural capital expenditure

capacity, labor inputs, machinery inputs, fertiliser inputs, land inputs, are all logarithmically processed.

B[ yulan oz, | = a4 fray+ fozi b By, — ) AR RRRE A OV 0 AR R 5 5
(12)  EAE S0 R 8, R M K 5 K 2

2 B2 022 7 4 R 9 B
T AR P A« — R 4 A X P

A o, O T SO, T 404 A () 3t XA i s ] 7
PR 57 T 5 20 A B Sl D 2 AV AR U T AR R Al
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AR ALR WY, g A TR AR e S K
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Shy SRS B b 53 5 I SR AR B xR I A 280 1Y
S AT SR B SRR RRN
Ve=a,F frx,+ foai+ AX e, (1)
A AX AR T 21T RS KA — B B
s 2% , T i 00 o o )ROSR T, T
25 3 5 J I 25 R 2 R) Y 3 R B A ) L 7E AX
By Sl E AT B Ba, - Boak R T K B A v
) 5 il 52 ), O A B 55 S 93 B 14 A R 3 b B3 DA
Co=tti, 00) R Coy=(pn, 00) T FE . HAF
PR BB AR R AT B R AR 500 KR KA
AR IR B AR R BE N AL R CL T
) B 45 R
E[yJC,-J =, + B g+ Bo( ph A 0u) + Baou(15)
BB 2 A S A BN AT LA R 7R R
ARE[ v = b1 (= o)+ 0o (ph — p2) +
(6.4 by )0y — 0n) (16)
FER I, AR RIS R S (AT SR 23 1 I
T AR 1 RABAL K U 25 R b 4 g . K
K TS N 3 B R 28 5 F2 ARG A D — A 1 e )i
45 7% 2 O — A e 1y il £, (H TS 56 A 12 IR
FEI R AP 1
AH I J 0 AT LSRR R

ASRE[%}: [;1(/11'1 - /Ao)+ Z\Z(#Izl - #i) + o4 —
0:0)F by (00— 010+ (pra — po )=

B[ ] 4 by (e — e (1m

TEIXAHELLTR |, an 2R 200 S 30 i R A8 1k, K

S91 200 P i 7 PR AR LR A i 5 I RN

SRNT , B0 SE i s Ak 3h )iz AR AE A AN I LA I, T
A8 BT At T AR

3.2 LIERBRNEE
F [ W 5% 2L, A A% A 0 AR A AR U7 DX A )
25 5 0 R RAE R R KUK, 2% DX A 1 I s
FEAEXT Al A= 7= By S e U B % . PR R AU G
FE 53 5 DX I S BT MR R AR A SRR AE . R TRT IR
PRI AR AL 5 R RO 1 HE S A 5 A ARl
SRR RRATY R TFIEL.
ya=a,+ B,GDD, + 3,GDD} +
G5 AGDD, "+ 8, AGDD,  +
¢, PRCPT, + ¢,PRCPT? +
¢ APRCPT," + ¢, APRCPT, +
X+ [ (1) + e, (18
A 2y, Ry B3 B TE) 2 A BT B AR A 7R K
-1 XF £ ; GDD,, f1 PRCPT, 43 31 A 75 9 A 4 01 R
5 MK B AGDD, fit AGDD,,~ 43 31 B3
AE T[] TEG W P R 00 0 o v 3 o o AR AR i A0 L e
a7, APRCPT, " 1 APRCPT,, 439 Jy B 58 7 7£ i} [
£ TH I 0 8 A s [ K 5 T R b i s X, RO — R 5
EC I Ran - G D S| R B NN = W [ W 7S e
S Ce) g B ) R SR 5 oy, R B 38R O<AE 0 [ 52 R 5
B Bavrv, 53 3 S K 0 B 55 B K X R 7
IKE B FEE 5 B s s s 23 ) Ay 1 A0 i 5
Tk A i I U AR o B K 5T SR e R B
SR N Ry A A S8 e, R 22T
Y T Al Az 77 A7 25 7 M AR Ak B 252 e, AN [R]
DX O A A 0 3 25 57, it — D iR B A
KB A 9 3 T 3% 1 A% G0 7y 0%k i) [ 4 32 4 47 4
b B ARl 5 AR AR B O R RN
v, = a,+ f,GDD, + 3,GDD? +
S5+ AGDD,, (s € SolarTerm,) +
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©,PRCPT, + ¢,PRCPT? +
@5, APRCPT,, (s € SolarTerm,) +
@5, APRCPT,, (s€ SolarTerm,) +
X+ f.(1)+ e, (19
A : SolarTerm, 2y —4F H B A [6] 35 <, 1 R TR E
58 Iy 1 vh () T L2 LR A3 B — AR R 4 Sy 24 B
BB BIARFEE 15d. A/ S 50O M,
R AR EAR T 25 R 0 — Bk R fd v A B SR R AT
T LU AR B —J2 55 TR0l A 7 3 AT e 32 3 35t T
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4 BRI 15 7K ) 2 M 25 20 4F (09 8 2545 o T
FAR A, Y1) Al 2B 7= 305 3 AR X k2D J2 A R 3k
F7 R —4F BE R AR T ) R0 AE P AR T 1
31, 2 Z B R 0K S 15 0% R — 4 B A U
WREEEAFE—E W BURER . ATk 2 — 2
g T T HAS R B A . T B4
JEE 2 2 i BRI 5 R K A8 2l 2 252 [ AR AU I R
Wi, L5 Al A 7 B A AT BE B9 38t T 78 18 A O 1R R
G, PR AT A D 85 o BRAH B T R A8 4 o e, O 5
UE T B B (& BEVE A58 38 AT 1 R AR G
55 THAEAR K, DUBH O T 572 & fe i A A4 Bl
AR A AL Bl [ I sl G s T R 2
T R o R X AR A i R AR A 3 <
i 22 R SN A R RE AT T HE— K. B
SCHRE HBCE T bl R AN A R o A e, A
FE 38 1 BUBAE A7 B B TR0 RS AP AR RIE
B, BRIV E a4 AN [R] 0 151 R 2800 CRF B 3l 1] 200
B 48 o A 0y 1] 72 S50 A A3 >< Ay 1] 2 2800 ) 75 3]
Y A AL Al T R BT 1) R O R K AR ] AR
A, B e R LI O A0 i AR 5 R 2 AT G 1Y
ATREPER /N, RIAG T2 R — U

4 FER59MW

4.1 REFHEKEK

Fe 23R 1A 3 C18) ML Ti) [ 5 R0 A R A
1A R B A b b 5 B R e A o b X B0 -
M= K OF 52 m B i B AR, OF JE T Crag-
Donald Wald F 4t it w4755 T HAZ S KK, 4558
F W] T H AR 56 N A i B R 98 Y R ), Wu-
Hausman it £, fE 4 T £l 4 7= % A &4
1 AR, B SRe LA o 0 Al 145 SR T S R fed

MR EIAG IS5 R E VR A KN 0 BUR
PR 7 K B — o By AR Lk 52 e, R 45
FOREBUAL T 3 250 “CH [l A, 1T A= 3 9 [ K 42 1
Tia] 728 Bl %] R A 7 Hh K OF K SAE A B 35 09 1 1] 52

N AR g A i A 0 B S e R R W v A
TR 55 0% i 93 7K 728 Bl %o R £ 77 K- 34 4 A B
B A T] 52 Wl 800, >4 A s AR AR U g 1S I — A B A
BF, B b T AR AR R 7 S KPR R 2D 0. 3604,
1717 R iy 548 o 7K 5 T R R — A B R K
SEBs 2 ) R R 0. 03% A0, 11% .

x2 BEEMMEBMGITER

Table 2 Fixed effects model estimation results

AR R RN JC JE ) vh it
Variable With short-term impact ~ Without short-term impact

SARTT —0.000 2%** —0.000 2%**
Growing degree days (0.000 0) (0.000 0)
[ 7k 0.000 1 0. 000 1
Precipitation (0. 000 0) (0. 000 0)
R J7 I 0. 000 O 0. 000 O
Growing degree days square (0.000 0) (0.000 0)
R oK F 7 3 —0.000 0*** —0.000 0*x*
Precipitation square (0.000 0) (0.000 0
i 30 v B o —0.000 5
High GDD shock (0.000 3)
S AR AU o i —0.003 6*#*
Low GDD shock (0.000 5)
i 30 R K o i —0.000 3
High precipitation shock (0. 000 1
RN U —0. 001 1xxx
Low precipitation shock (0.000 4)
it A oMb B AR 0. 004 Jxx 0. 004
Scale of facility agriculture (0.001 2) (0.001 2)
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=2 ()
A ) TC e ) v
Variable With short-term impact ~ Without short-term impact
Al 7l HLAE 0. 112 7w 0. 113 0%
Scale of agricultural industry (0.008 6) (0.008 6)
Al 55 5 I3 4 4 1 0. 212 7H** 0.212 5¥xx
Potential of agricultural labor supply (0.041 9 (0.041 9
A AR S e 0.075 7x*x 0.076 8
Agricultural capital expenditure capacity (0.010 4> (0.010 4>
—0.197 5 —0.1931
57 8 Labor inputs
FrEBA Labor inputs (0.127 2) (0.127 6)
0.098 7 0.092 4%
i Machi inputs
PUREE A Machinery inputs (0.053 0 (0.053 5)
0. 011 3 0. 011 O
Fertiliser i S
fbHE#¢ A Fertiliser inputs (0.002 2 (0.002 2
—0. 574 Frxxx —0. 574 9k
¥ Land inputs
AIBHA Land inputs (0.020 8) (0.020 8)
7 v 5. 845 2% 5. 787 0%
DEM (2.812 0) (2.801 7
RAE 0.000 xxx 0.000 1 *
Atmospheric pressure (0.000 0) (0.000 0)
AF X B —176.974 7 —172.624 3
Relative humidity (112.165 4> (111.770 8)
A3 0.016 T 0.014 9%
Wind speed (0.005 9 (0.005 8)
- H —1.297 8*x —1.285 3%
Average temperature (0.623 2) (0.620 9
EREYE 0.006 4x* 0.006 2%*
Sunshine hours (0.002 5) (0.002 5)
FEA I Sample size 56 182 56 182
B3 <A Ay T] 28 RRE
23 28 2 Ay
County X Year fixed effects BEH BEH
A0y [ 7E AW Year fixed effects RECE SR
B3k [ %2 2 County fixed effects REZE EREE
R* 0.9711 0.9711
Crag-DonaldWald F 4t i & 48.8 48. 4
ZET & 4 5 (P i) Hausman test 0.001 3 0.002 1

TR e oo IAURTE 0.1.0.05.0. 017K B30 555 4 R Al i+ i R A iz e
Note: *, *#*, and *** represent significant at the 0.1, 0.05, and 0.01 levels, respectively. The estimated

robust standard errors in parentheses.

TR TIER 2T Ay 50 iy Uenias ™ ,50  J5 , BUIR 728 3 %F M & 87 09 oF 2 5w 8k B
CUSD LI Jz o7 {4y Y280 7 5 et S 2800 - Tt ot 1) —0. 520 4% s fEIE 7] 500 B ol &, W IR E
520 MARRBUE S ok sl o R BGR AR SR R E AR 588 0 0. 020 904 , TN =% JE 21 & 3144 17
PR BIRNAON ) —0. 398 004, MRS BN J& , B B /K F i ol i 3 PR e 2 — 0. 150 894
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Table 3 Long-term versus short-term effects under climate shocks %
i e Al R0 S 00
Shock type Long-term effect Short-term effect
& B wh il High GDD shock —0.3980 —0.520 4
B #h i Low GDD shock 1.001 6 0.275 2
= [ 7k o e High precipitation shock 0.020 9 —0.150 8
K K& /K #h 5 Low precipitation shock —0.0323 —0.126 6
0.0101 0.010
151 151
£ 0.005F & 0.005 |
o o
E E
En 0.000F % 0.000 |
< <
= =
E _0.005}. = —0.005 |
& &
R _0.010[ R ~0.010 |
-0.015 " . L , -0.015 R \ L ;
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FUR K- Growing degree days FUR K Growing degree days
(a) +5%t T IWARIEALN, GDD effects under +5% shock (b) -5%hili T ABURAUY GDD effects under ~5% shock
0.0051 0.010
2 2
B 0.000f b
E B 0005
£ £
S s
= -0.005f =
= 2
= £ 0000t
= -0.010F =
-0.015 : . " \ , -0.005 . , \ " i
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() +5%rils I (IRFIK R0 Precipitation efects under +5% shock
= JEHIMY Short-term effect

B 1

Fig. 1 Long and short term effects o
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(d) =5% il N AR K308 Precipitation efects under —5% shock
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f climate volatility on food output
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Fig. 2 Marginal impact effects of short-term climate fluctuations on food output
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Fig. 3 Marginal effects of short-term climatic fluctuations on food output by farming season
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Table 4 Loss of grain yields due to climate shocks under future scenarios %
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Fig. 4 Projections of climate fluctuations on grain yields under future climate scenarios (SSP126 2035-2050)
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