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Characteristics of Major Agrometeorological Disasters for Rice
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Abstract: Based on rice phenological stages and meteorological observation data from nationwide single-season
rice and double-season rice in major rice production areas in China from 1991 to 2024, combined with major
agrometeorological disaster indicators, this paper constructs the disaster intensity and hazard indices and
analyzes the changing characteristics of heat stress, cold stress, drought, and compound heat and drought
stresses. The results indicate that in the period of 1991—2024, heat stress in single-season rice intensified
with the tendency of 0. 65 increment per 10 years, and the significant increment was observed after 2010
with the highest intensity seen in 2022. For early rice, heat stress has been gradually increasing since
2017. Obstruction-type chilling injury to rice in Northeast China exhibited a weakening trend, seldom oc-
curring during 2023—2024. The intensity of cold dew wind for late rice was higher during 2017 —2022,
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but has become weakening during 2023 —2024. Drought intensity has fluctuated interannually, with the
highest intensity for single-season rice and late rice occurring in 2022, and the affected stations of the two
account for higher proportions than that for early rice. The compound heat and drought stresses on single-
season rice are more severe than on early rice. Regarding the spatial distribution of high disaster risks,
heat stresses on single-season rice are concentrated in northeastern Sichuan, central Chongqing, eastern
Hubei and western Hunan, while heat stresses on early rice are located in central Zhejiang, central Jiangxi,
eastern Hunan and central Fujian. The high risks of obstruction-type chilling injury to single-season rice
have been identified in northeastern Heilongjiang and eastern Jilin, and the cold dew wind risk to late rice
is demonstrated in south Anhui, south Jiangsu and Zhejiang. The high risks of drought are highlighted in
western part of Northeast China and northern part of low reaches of the Yangtze River Basin for single-season
rice, southern Guangdong and Hainan for early rice, and eastern Hubei, north-central Jiangxi and east-
central Hunan for late rice. High risks of compound heat and drought stresses on single-season rice are
concentrated in northeastern Sichuan, north-central Chongqing. northeastern Hubei and western Hunan,
while for early rice, the stress is located in northern Zhejiang and southeastern Hunan. In these rice production

areas exposed to high disaster risks, above findings can help guide prevention and reduction of specific disasters.

Key words: rice, heat stress, cold stress, drought, compound disaster, intensity index
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1012 A

% 952 %

1991—2024 487 24y i $4 T 9 B2 468 B LA B 10 48
0. 65 [ AN ;2022 4E MR o PEsR .7 H 21 HZE 8
H 30 HEILH R e X 35 C L FE i HEch 20~
40 d, WYLV R A VL VE AR LA AR ik 41 d, — FE R
P R A HOBGR 5.3 d 3R B4R BLGK 6. 352006
42,2013 4E 2016 4, 2019 4F 41 B 40 0 A 5 R 44
LR RO A F] 3.3.3.6.3.2.3.8, MWNZK
i R OR F L R B FEOR W] L 2006 4F 5 L
oKLk 39, 2% . Hok S 2016 4F.2013 48, 43 51 K
36.1%.34.9% ,2022 4E K47 .35 28.9% ., 4 [H
R 37 X e B R S AR b, 7E 2012 A
2005 4F 1994 4F 2013 4, 2007 4F M B0 45 3 4 12 T
POE R EFER BN 6.3.5. 9.5, 1.4, 4.4, 3; 2K
A Bk AL 20032013 AR BB K, Ol 60. 500 ~
75.8 % (F 2b),
2.1.2 ARimAF

1991 4E LI, 4 [ — 22 A 3 )7 X i fig 7 98 5 4
A 2 Y Il 1 55 A A L iR R AR AU A R O B 10 4R
—2. 2 (& 3a), 2017 4F#d o0 8K 55, 2023—
2024 4 B 55 B AR Oy 1 BLAE 1995 4F 1996 4
2002 4£.,2006 4, 2011 4E, s B 50 5 4 15. 5.
13.9.13.7,13.6,14. 6,2023—2024 EmE LA
JE 1. N2 9k 7 Lok L 2017 AR DL O AE
11. 7% Lk |, 2017 4F & A998 /N - 20232024 4F R
FE 1500, MRS 3 7 X FE R XU R B B B M AR
k2017 A i B R A5 L 9 B R A0S 2 10, 2017
2022 A A BB L SR AE 12 DL 1, 20232024
AEAG BT U5 5 2020 AR A I [A) B HR 2L I ] L
LR R R SE R XL 5 e Rk B 31. 25 A7
Gk A Hok B L 1994 4F L1997 4F L2002 4F . 2011
4.2017—2021 4EI7E 70 %6 LA 1 (] 3b),

30 -l 20

25+
20 .
1571
10 ff

/%

—_ N WV =MWV =M Wn — N
D DD DD D o
f= = e e Wie e N e I =2 =T == e e e Y e Y v e R e}
~~~~~ L I o BN BN BN o BN o NN o BN o N SN IS NS oY)

Eohy

2.1.3 F+ %

1991 4E LIk, 2 — =g £ 77 X T R iR I 8
PER K (E 4a) . T 55 BLTE 2022 4F 5 FE 48
Brak 11,0, Hoyk 2 2001 &.2019 &, B M 7. 7.
7.3,2008 49 FE AR 55 AL 0. 935 32 Kk i b H
WAE 60% LA E 2022 4F 35 ) 92. 3%, WA TR
FEAE 2001 4F DIRTHE S . 2001 4F J5 U ) 38 K, Bk 4R
PR BLAE 2021 4F 2011 4F 1991 4F 2003 4F . 2002
GELCTRBEFE R B R 2. 8.2.7.2.4.2. 3.1, 755 Kl
B L FE 2011 4F L2007 4F 2003 4F 1991 4R A B,
A 5IR 70.1%.70. 0% .68. 5% .62. 9% (K 4b), M
T T 55 ik B AR B 0N 20202024 4R i B A
K s AEA O 2022 4F, SR FE 48 Bk 22. 7, HOik &
2019 4F,1992 4F ,2009 4F,2003 4F,2004 4, 43 51 A
13.3.9.1.8.3.7.9.7. 555 J uli &5 /5 He 3R 76 50 %
P b HA 17 448 80% LA B Hov 2004 453k 97%
(A 4c),

2.1.4 HEFFILERE

1991 4ELIK 2 FH e TREE G KER
RN A B AR A S R R R R A (T Sa) .
2022 AESREEFRBGR 3.7, B2 G g T Hak 25, 406, K
U2 2013 AF (FEEICH 1. 2,52 ¢l 5 thak 23.1%0) .
2006 4F (F8 B 1. 2, 32 Gl A5 7 ik 220 2000,
2011 4F (PR 0. 4, 32 Gl f i ik 1402 20,
1994 4= (FEECH 0. 3,22 93l 45 5 ik 15.0%0) ., 5
— ZRFEA L LR e IR T 5 A G O R ] AR
Iesm ARy Y BUAE 2005 4F (FR A 0.5, 32 T uh ji i
Foik 15. 2900, Hoko& 1991 4F (BRI 0. 1, 32 9 i
A HGE 17.4%),2000—2013 4F (& 2005 4F) K78
FRTREARKFH AN 1626 ~13. 1%, 51
FEALT 0. 05(F 5b),

0T e mman 3

80

. 5
N 20 iz
=N M
10 40 15 =
10
20

0

el A SN = = s T A T Sl = N B S S T T = e i s g
D DD DD DD = = o
AN NN OO O © O O O O O O O O O O
~~~~~ Lo I o I o B o BN o B o B o I o BN SN NS BN o BN oY |

oy

B3 1991—2024 4 4 [ () — Zo il 327 X B A 808 3, (b) W 5™ X 98 i XU 38 918 J0 0 32 R ol a5 ot [E

Fig. 3

Intensity index and proportion of affected stations for (a) obstruction-type chilling injury

to single-season rice, and (b) cold dew wind to double-season late rice in

major rice production areas in China during 1991—2024
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for (a—c) obstruction-type chilling injury to single-season rice and (d—1f) cold dew wind to

double-season late rice in major rice production areas in China during 1991—2024
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and (b) double-season early rice in major rice production areas of China during 1991 —2024
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early rice in major rice production areas of China during 1991—2024
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and (c) late rice in major rice production areas of China during 1991 —2024
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Fig. 13 Distribution of risks of compound heat and drought stresses to (a) single-season rice and

(b) double-season early rice in major rice production areas of China during 1991 —2024
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