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Risk assessment of drought damage during growing stages for
winter wheat in North China

ZHANG Lei', YANG Bing-yun®
(1. National Meteorological Centre , Beijing 100081, China;
2. National Satellite Meteorological Centre, Beijing 100081, China)

Abstract: Using yield data and meteorological data from 1981—2012 in north China, an appropriate method was
selected to fit tendency yield for winter wheat in each province, and the key factor was selected by comparing yield reduc-
tion rate with water deficit anomaly index and precipitation anomaly percentage in typical drought years. Based on grade
criteria of yield reduction rate, drought damage index was calculated upon the model of yield reduction rate and key factor
during different period. Risk assessment model was constructed considering drought grade and its risk probability. The
drought risk assessment at growth period of winter wheat was conducted considering drought grade and its risk probability.
The results indicated that the correlation coefficient between yield reduction rate and water deficit anomaly index varied
from 0.355 to 0.656 at the level of P <0.05, being greater than that between yield reduction rate and precipitation
anomaly percentage. This finding indicated that water deficit anomaly index was appropriate to be selected as the key fac-
tor for drought. The mathematical relationship of yield reduction rate and water deficit anomaly index differed during dif-
ferent growth period, and the critical value determining drought occurrence was 0.297,0.351,0.214,0.159,0.316,
0.547 and 0.149 for seedling stage, wintering stage, regreening stage, jointing stage, heading stage, maturation stage
and whole growth stage, respectively. Drought damage risk for winter wheat differed during different period that matched
well with supplement of precipitation and water requirement in region. Overall, high drought risk for winter wheat was in
southern Hebei and northwest Shandong during each period.
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Fig.1 Stations of yield for winter wheat and meteorological observation
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Table 1 Value of crop coefficient ( K,) for winter wheat

i X 10 H 11 H 12 H 1A 2 /] 31 4] 51 6 J1

Region October November ~ December January February March April May June
174 Shanxi 0.58 0.76 0.4 0.14 0.24 0.58 1.04 1.24 0.84
Tt Hebei 0.85 0.92 0.54 0.33 0.24 0.42 1.14 1.42 0.73
H Henan 0.63 0.83 0.93 0.31 0.50 0.91 1.40 1.29 0.60
1% Shandong 0.67 0.70 0.74 0.64 0.64 0.90 1.22 1.13 0.83
JE5T Beijing 0.85 0.92 0.54 0.33 0.24 0.42 1.14 1.42 0.73
FHt Tianjin 0.85 0.92 0.54 0.33 0.24 0.42 1.14 1.42 0.73
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Table 2 Water sensitive coefficient for winter wheat

B MAH GRWH B A LI
Seedling  Wintering Regreening  Jointing Heading Maturation

stage stage stage stage stage stage
0.1721 0.0411 0.0591 0.1694 0.3108 0.1895
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Fig.2  Yield reduction rate of winter wheat in six provinces and municipality
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Table 3  Correlation coefficient between yield reduction rate for winter wheat and factors

Py LG kA3 B
Factor Seedling stage Wintering stage ~ Regreening stage
CWDIa 0.527" 0.355" 0.334"

P, 0.373" 0.179 0.160

P EillpE i ) LEFW
Jointing stage Heading stage Maturation stage ~ Whole growth stage

0.455" 0.497" 0.426" 0.656"

0.198 0.372" 0.318" 0.506"

TE: o« fRERIEH] 0.05 By B MK,

Notes: * , significant at the level of P <0.05.
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Table 4  Drought grade index during different period for winter wheat

A G s o e A
2 FH W] Whole growth stage y=0.0044x +0.1268 0.3722 0.149~0.171 0.171~0.215 0.215~0.259 =0.259
T Seedling stage y=0.091x +0.2121 0.4462 0.297~0.383 0.383 ~0.553 0.553~0.724 =0.724
4] Wintering stage y=0.1598x +0.3178 0.1347 0.351~0.383 0.383 ~0.449 0.449 ~0.515 =0.515
IR T W] Regreening stage y=0.0725x +0.1922 0.2282 0.214~0.235 0.235~0.278 0.278 ~0.321 =0.321
P1TH Jointing stage y=0.0202x + 0. 1416 0.2152 0.159~0.176 0.176 ~0.210 0.210~0.244 =0.244
HlAE ] Heading stage y=0.0202x +0.2842 0.3036 0.316 ~0.347 0.347 ~0.410 0.410~0.473 =0.473
Y] Maturation stage ¥ =0.0957x + 0.4568 0.1646 0.547 ~0.638 0.638 ~0.820 0.820~1.001 =1.001
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Fig.3 Regionalization of drought risk, precipitation and water requirement for winter wheat
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Fig.4 regionalization of drought risk for winter wheat during different period
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