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Analysis of drought characteristics of maize growth period in Liaoning Province

based on SPEI
CAO Yongqiang " ,LI Linghui, LU Jie, ZHANG Ruoning

School of Geographical Sciences, Liaoning Normal University, Dalian 116029, China

Abstract: In the context of global warming, it is of great significance to explore the climate change and drought
characteristics of maize growth period for preventing crop loss caused by drought disaster and agricultural sustainable
development. Based on the daily observation data of 33 national meteorological stations in Liaoning Province from 1967 to
2018, this study calculated the standard precipitation evapotranspiration index ( SPEI) at different growth stages of maize on
monthly scales, and comprehensively analyzed the temporal and spatial variation of drought with the combination of drought
frequency and drought station ratio. The results showed that: (1) the precipitation in the growth period of maize in Liaoning
Province decreased by 13.31 mm/10a, which was significantly positively correlated with SPEI (P<0.01) ; temperature
increased significantly at a rate of 0.25°C/10a (P<0.01), which was negatively correlated with SPEI. (2) In sowing-
seedling stage, emergence-jointing stage and bell-mouth stage, SPEI all showed an upward trend, while in tasseling stage
and maturation stage showed a downward trend. In terms of spatial variation, SPEI showed an increasing trend from
northwest to southeast in the whole growth period. (3) During the whole growth period, the drought station ratio increased

at a rate of 0.41%/10a. In the emergence-jointing stage, the ratio of drought stations decreased, while in other growth
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stages, it increased. The frequency of different drought types manifested as regional drought > partial regional drought >
local drought > all regional drought. (4) The drought frequency of the whole growth period showed a characteristic of
decreasing from northwest to southeast, and the drought-prone area was mainly in western Liaoning; and the drought
frequency showed in order of light drought > medium drought > heavy drought > severe drought. (5) The emergence-
jointing stage was the period with the highest drought station ratio; the highest average SPEI and the drought frequency of
different grades were both in the sowing—seedling stage. The research results can provide reference for regional agricultural

drought risk assessment and disaster mitigation.
Key Words: drought frequency; SPEI; maize growth period; climate change; Liaoning Province
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Fig.1 The distribution of meteorological stations in Liaoning Province
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Table 1 The rate of precipitation change in each growth period of maize

B FERb- - LILVNEE:G] A A
G ﬁ;h od Sowing-seedling Emergence-jointing Bell-mouth Tasseling Maturation
TowH pero stage stage stage stage stage
ALK Rate of change 0.803 1.215 -0.293 0.010 -1.326
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Fig.2 The interannual precipitation changes and Mann-Kendall mutation test in the growth period of maize in Liaoning Province
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Fig.3  The interannual variation of mean temperature during the growth period of maize and Mann-Kendall mutation test in

Liaoning Province
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Fig.4 The wavelet change analysis of mean temperature during the growth period of maize in Liaoning Province from 1967 to 2018
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K2 TT&EEMEK SPEI £FRENE/10a

Table 2 Annual change rate of SPEI in all regions of Liaoning Province

LR . HH,L B Weslfnﬁpan of Soutjhlfm of Centf ;tm of Eas:tqui't of Nnnjhzifrt of
Growth period Time Liaoning Province Liaoning Province Liaoning Province Liaoning Province  Liaoning Province
FEFp- v 1 4 7 b 0.230 0.876 0.219 0.418 -1.023**
Sowing-seedling stage 4 Arfyg 1.262** 0.126 0.197 0.409 * 0.547

4 A4 0.596 0.036 0.131 0.107 0.305

5H 14 0.002 -0.369 0.121 -0.191 0.210
- 5 Hhfg 0.585 0.092 0.111 0.234 0.191
Emergence-jointing stage 5 AT 0.086 0.281 0.156 0.080 0.131

6 H bf] 0.955" -0.225 -0.135 -0.468 -0.176

6 H i) 0.417 -0.041 0.067 0.092 0.408
LA mEE| 6 H~ 4] 0.021 0.392 0.151 0.245 0.320
Bell-mouth stage 7 H A 0.173 -0.013 0.045 -0.136 0.245

7 Hhfy 0.106 0.103 0.100 0.059 0.150
il 9 7 H A 0.200 0.244 0.139 0.023 0.140
Tasseling stage 8 A L) -0.080 0.438 0.079 -0.258 0.123

8 Hrpf 0.847 0.114 0.604 0.891** 0.097
A 8 HTM A 0.165 0.112 0.184 0.124 0.267
Maturation stage 9 H 4] 0.015 -0.112 -0.029 -0.087 0.006

9 H iy 0.669 0.151 0.188 0.261 -0.897 **

9 M4 0.638 0.206 0.335" -0.559* 0.042

SPEI; FRUEFE /K ZE HH8 %X Standard precipitation evapotranspiration index; * F/Nilad 0.05 & MK FEKEHE; = = Ronlad 0.01 & MK
L
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FRA AT W A R A 0 3 SPET $ 5 b bR ik R U SPET SRR AT
PO RE LE LN, FORE AT R om BRI HE R -0 8 1> Hh -4 19 > i > i w0 11 3 > il e
W, FET SR L, 2015 1967—2018 444 T W34 T 55k Uk LA 38.88% s #&Fh- 11 B 10 | b iy -4k 1y
B R b S R B 4 5K 34.24% 34.55% 33.94% 32.96% F 33.33% ., 4 EE T Rk R
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Fig.5 The spatial distribution of SPEI in various growth stages of maize in Liaoning Province from 1967 to 2018
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Fig.6 The interannual changes of drought station ratio and SPEI values of maize in different growth periods in Liaoning Province
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Table 3 The influence range of drought in growth period of maize

A REEEFR  mpEFR O T’%Jf T S 5
Growth period All transit drought Regional drought drought Local drought Unobvious drought
2B W] The whole growth period 0.00 67.31 30.77 1.92 0.00
FEAh- Y Sowing-seedling stage 0.00 73.08 23.08 3.85 0.00
-3 ) Emergence-jointing stage 0.00 69.23 28.85 1.92 0.00

W\ 13 Bell-mouth stage 0.00 67.31 32.69 0.00 0.00
Y] Tasseling stage 0.00 63.46 32.69 3.85 0.00
Y Maturation stage 0.00 63.46 28.85 7.69 0.00

3.4 FOKRAF AR B A 5

I DL EX L T FORA B AR AR K AR S AT R B, A 52 ARRE K R I A 1T
S W T 3 U 9 L W (o A i e RSN - ot s o S 19 G S B e 2 R W 2 U1 e Rl TN iU S
PEE B SPSS 17.0 435I AN A A B I AR K B P30T SPEL #E T J R AEDCHER 0 (R 4) . 456 1
SO T KA T AR A R A o0 B 5 SR T S ORI B K i 5 SPET & B E IEA G R (P<
0.01) , M RN 5 SPET R FAHE R | HARIKE] W MK, FRR UL P K /b SRR, T R ™
i, B KA AR R 5 e 5 oy P BAARCR TR K R4 SR S e i R A D 347 Sk B |
EEB AR X AV EE B T T A W R R E R K 0 RN AR
AT B TR & AR R SGHR T E N I = A B B A K R AR, A T KRB T AR,

Fa4 EXREBHSREEZELS SPEIHEXRY

Table 4 The correlation coefficient between climatic factors and SPEI in maize growth period

2 A e T il ‘ i
N 2 LT Téﬁ‘ ILHD]%E] HE - CILANEE:G] S EE%EEH
. : The whole Sowing-seedling Emergence- Bell-mouth . Maturation

Climate factors K L Tasselingstage

growth period stage Jointing stage stage stage
[% 7K & Precipitation 0.378 " 0.269 0.275 0.297* 0.661 " 0.918"*
N1 0 P =
TR -0.178 -0.102 -0.084 -0.164 -0.120 -0.190

Average temperature

* FoRil T 0.05 WEMACERLE; « +« TR 0.01 WK AL

4 Tig

TS X KA T RN A A A R E R AT A I, 3L T A FORAN AR B AN IR S5 T R R R 5 h 7
AU T AR 1 Y A R, Ferh Sl - AR R SR T R e, T RUR X BRI X, — T
I, T W RERZENTE 6—9 H , H 4—5 A i 2= e mtih], 50 AT s, 3 Fh- B0 e A X —
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Fig.7 The spatial distribution of drought frequency at different grades in different growth stages of maize in Liaoning Province
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(D) WSHRFFEA AL HORF I 52 4F40 74 R AT KDL 13.31 mm/10a B3 50>, H 5
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SPEI 2 AKX KR
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