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Risk assessment of drought on rice at different
growth stages in Sichuan Province
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3. Institute of Rice and Sorghum, Sichuan Academy of Agricultural Science, Deyang, Sichuan 618000, China)

Abstract . Rice is the most important crop in Sichuan Province, however, drought is a major limiting factor for
the rice production in the region. The frequent droughts in spring,summer,and late-summer have been significantly
impacting rice yield in Sichuan. We collected daily meteorological data from 84 meteorological stations and corre-
sponding historical disaster and phenology data of rice of 1961 to 2015 in Sichuan and used the wetness index a-
nomaly rate as rice drought index, the spatial and temporary changes and risk of rice growth were evaluated at dif-
ferent development stages. The results showed that during the stage of transplanting to booting, the number of sta-

tions showing drought increased in a rate of 0.56 sites + (10a) ~'in the studied period(55 years).Among them, the
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(10a) 'and 0.41 sites -

(10a) ™", respectively,but no significant changes for moderate drought situations. During the stage from booting to

number of stations with mild and severe droughts showed an increased trend of 0.20 sites -
flowering, the number of stations with drought decreased in a rate of —0.49 sites + (10a) ~'. The number of stations
with moderate and severe droughts decreased in a rate of —0.22 sites - (10a) ™', but no significant change for mild
drought. In the stage of flowering to maturity,, the number of stations with drought increased at a rate of 0.54 sites -
(10a)~". Among them, the number of stations showing mild and severe droughts increased in a trend of 0.23 sites

- (10a) 'and 0.55 sites -
planting to booting, the highest values of rice drought frequency appeared in the central part of study area (36% ~

(10a) ™", respectively, but, no significant changes for moderate drought.From trans-

58.2%) , but the lowest values appeared in the southwestern and northeastern parts of study area. From booting to
flowering , spatial distribution of drought frequency showed a band shape, gradually increasing from the western to
eastern parts of study area, and the highest frequency appeared in the northern basin and northeastern basin (36%
~61.9% ). From flowering to maturity , spatial distribution of drought frequency also showed a band shape, gradually
increasing from the western to the eastern, and the highest frequency appeared in the southern basin and northeast-
ern basin (30% ~47.3% ) .During the stage of transplanting to booting, high-risk areas and sub-high risk areas of
drought mainly concentrated in Deyang, Ziyang and Yibin. From booting to flowering, high-risk areas and sub-high
risk areas distributed in central basin and northeastern basin. During the next stage ,flowering to maturity, high-risk
areas and sub-high risk areas appeared in the southern basin and northeastern basin.

Keywords: rice growth stage; drought disaster; wetness index anomaly rate; risk assessment; distribution

characteristics; Sichuan Province
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Table 1 Rice growth stages in Sichuan Province
DX dsk (254 ZE TR THEM JEA I
Region Transplanting stage Booting stage Flowering stage Maturity stage
BV R X 5 Al 7THTA 8 A 9 A
Plain and hill areas of western basin Mid-May Late July Mid-August Mid-September
kX S AT 7THATH 8 A kA 9 AhA
Hilly area of central basin Mid-May Late July Early August Mid-September
AR 4 Ay 7H 1A 7 At 8 Arhhy
Hilly area of southern basin Mid-April Early July Mid-July Mid-August
BIFATIR A X 50 7THTH 8 J1h 9 1 1A
Equal ridge-valley region of eastern basin Mid-May Late July Mid-August Early September
Ll 5HTH THTH 8 HT A 9HTH
Mountain area around basin Late May Late July Late August Late September
JIT e i X 5 A 7THTH 8 Hfy 9 HH A
Southwestern Sichuan Mid-May Late July Mid-August Mid-September
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Table 2 Evaluation indexes of drought on rice

ARICITIE B B = (M)

Revised values of M, in this study

TR

Drought intensity

TR%H i A B VLT B (M, ) )
Drought degree Values of M, from literatures
JG5 Normal M,<25
45 Mild drought 2.5<M, <45
th 5 Moderate drought 4.5<M,<6.5
5 Severe drought M,>6.5

M,<13 0
1.3<M,<3.3 1
3.3<M,<5.3 2

M,>5.3 3
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Table 3 Grade verification of drought evaluation index on rice
. : TG A TFERE Degree of conformity/ %
X3 ik 1] B D3 A2 S A A K B T BIEE
Region Growth stage Historic disaster sites A . et
Before correction After correction
otk ~ 2 Y SR 4 B3t X s8.1 6.1
Transplanting ~ booting Chengdu, Mianyang ’ ’
P IR B X . ~
GICPIRER R~ A HAB R [
Plain and hill areas of X ) . 60.2 70.2
. Booting ~ flowering Chengdu, Mianyang, Renshou
western basin
THAE ~ WA JRCHR R B X~ FF 512 60.3
Flowering ~ maturity Chengdu, Mianyang, Renshou ’ ’
Mok ~ 2 FE 1) JRIE S F T A 530 68.2
Transplanting ~ booting Weiyuan, Shehong, Nanchong, Bazhong ’ ’
AR X ZRE ~ T AER) I R St R e 616 736
Hilly area of central basin Booting ~ flowering ~ Weiyuan, Anyue, Shehong, Nanchong, Bazhong ’ ’
TFAE ~ A JBOE TR ST H 530 63.3
Flowering ~ maturity Weiyuan, Anyue, Shehong, Bazhong ’ )
Pk ~ 2 R HIE AT 60.3 754
Transplanting ~ booling Yibin, Zigong, Luzhou ’ ’
H R R IX 2P RE ~ T AE BT AT WM 504 727
Hilly area of southern basin Booting ~ flowering Yibin, Zigong, Luzhou ’ ’
THAE ~ A BT AT M 529 68.3
Flowering ~ maturity Yibin, Zigong, Luzhou ’ ’
Fo Rk ~ 2R TR GE R T 482 612
Transplanting ~ booting Wanyuan, Daxian, Yuechi ’ ’
HRTATIE A X . ;
E ual%;figlz /E:eEion of  PH-IRIH BB KA 53.5 66.3
q & v Iee Booting ~ flowering Daxian, Dazhu, Yuechi ’ )
eastern basin
THAE ~ Y B KAT it 56.3 9.4
Flowering ~ maturity Daxian, Dazhu, Yuechi ’ )
otk ~ 2 R JUOCHVHEZ H X AL
. . , . 49.2 61.6
Transplanting ~ booting Guangyuan, Ya’an, Beichuan
BN G X ZFRE ~ TTIE T ICFIHE X e
. . . . s . 60.3 69.8
Mountain area around basin Booting ~ flowering Guangyuan, Ya’an, Beichuan
TFFE ~ LY T ICFIE G X eI
. . , . 58.3 70.5
Flowering ~ maturity Guangyuan, Ya’an, Beichuan
R ~ 21 SIS
Ak .ﬁiwﬂ;ﬁ . . (LS Jﬂ. 552 60.2
Transplanting ~ booting Xichang, Yanbian
i< el FFAEW P L oo s
Southwestern Sichuan Booting ~ flowering Xichang, Hanyuan ’ )
~ U RN
THAE ~ IR FEE DUK 613 126

Flowering ~ maturity

Xichang, Hanyuan

1961-2015 4¢ , /K G T A6 2 A (K 2e) , %%
WF5E X 3 & A e B I ol M R s IR & U Ry AR f
Y, 1961-1980 R (0.1 ~0.6 /¥ ) , 1980 4F
7 (0.1 /%), 1990 AELUE 8, #irh | SR Hb
XA 2 e i b X, #5398 X8 A
TR DL E A R EEE 1990 41 DL )5 238 L,
AT X 2 , 24 F 3478 0.11 R/ ok, HE
X (E 2f)

1961-2015 4&, PO 1| K AF R 4k ~ 22 B+ 52 8
KA IR R RIS B3 2t (K 3a) AR RN
0.56 3/ 10a, HoH kA= i 2 BYAFAR 4 1969 4F- (47
ANl ) HRIE 1979 12006 4 (45 i), &4

/D BYAED R 1984 4 FEPRE U BRI ZRfb EaH
20 {42 60 4EAXF] 80 AR T 5 A Al i B 2 T
20 22 90 AEACITF4h S BURG ks 34 R i 21
M2 AT 10 438 fem (H (3 251 a4 5
W), A 50 Ak R BRI B R A B 55 1 Y
L AR 0.20 NG/ 10a F10.41 4/
10a, M TR IEARNAS

1961-2015 4F, P9 1| 7K A5 22 7 ~ JF AL 83 T 52
R R EURAAR 2 IS R a3 (8] 3b) AR R R
-0.49 N3/ 10a, H & A i 2 W4 i 1994 4F
(60 b ) LU 1992 4F (59 ki ), KA
D EYAEGY A 1996 41 2008 AFF1 2009 41 (9 Nl
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Fig.2 Annual variations of drought times per station at different growth stages in six rice farming regions of Sichuan from 1961 to 2015
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Fig.3 Annual variation of number of stations in drought at different growth stages of rice in Sichuan during 1961-2015
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