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Table 1 Grades of drought based on Ky,
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Table2 The most relevant meteorological factor to
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Table 4 Comparison with forecast results and actual values in different growth stages

Gl eS| PR —H HE—RT P FhE—FL 3 LA
Lbr{E/% 61.16 62.35 51.06 43.82 68.98
2015 TRIE/% 61.15 62.14 54,56 39.92 65.82
HAXT IR 2% 0.30 0.33 6.85 8.89 458
SEBRE% 40.36 60.27 35.91 49.73 32.54
2016 ToE% 41.45 61.16 35.50 47.55 33.18
FHXT IR ZE% 2.71 1.49 1.15 4.38 1.95
J2Br{EI% 69.22 95.52 79.62 73.46 62.64
2017 FIME /% 65.22 92.86 70.09 77.37 67.85
HF R 2% 5.77 2.78 11.97 5.33 8.31
SEBR{H/% 52.91 82.08 51.93 32.49 50.70
2018 A% 47.49 84.78 53.06 29.52 57.82
FAXHREZE% 10.24 2.18 9.13 14.04
SEBRAE/% 45.11 90.15 40.87 36.59 34.06
2019 FIME/% 51.53 90.15 37.51 36.69 37.88
HHRTIRZE% 14.22 8.22 0.28 2.39
R? 0.840 2 0.985 3 0.899 0 0.9575 0.917 7
RMSE 0.0419 0.017 4 0.048 1 0.029 7 0.042 1
MRE/% 6.65 6.07 5.60 6.25

Table5 Forecast results for the next five years
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Table 6 Number of drought grades in 1965—2019
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2024
7 E8 L EE EE

2.3 FmEE R

FIFH Il SRS T 2020—2024 TS50,
B RIAT TR 5y, SRR 5. AR NS,
R, HE RS R EEPERE B, £ 2020
TEAN 2022 AERTRE S HIURER,, FRRS(EY RS
=, NakE, HEEBEREE. 2021 4EAT 2023 A
AlRERAH R, R FEM ARG, mdth
YER, ISR AE KRR & B 24 3 A R AT
T, DAGaxt BORPAEA AT G, 5l k- A
dip=, HAWEBEMBZ NRRE LR, o EIFLHA
BN K M BN BUR, R T RS P R Y,
PR —H P B AR K E R D, PLEEEGR, BT

T5 HEFp— W — WAT— hkE— FA—
L2 g AT iy LA AR
TR 21 9 4 23 46
BRE 29 15 13 15 2
R 5 13 24 11 7
HE 0 7 7 5 0
i 0 11 7 1 0

X} 1965—2019 /K45 GRIEHOHAT T R LK
gy, JIARERTREE (R 6), KIlgRm
N7 SRR 2H R R [R]7 51, 5 2 4P HIAN AT
BEQR G, TR E0, ERYARE,
CIRYSINT SRR i i 2 BV = e I A D G |
B UE B2 2020 fEREF —H A BT —R TN B, 2
2R A TR T 45 SR — 2. AR B R
(R D, WHB—HEHBEERK, (2Rt
BT RAS, ZM B TR KE R, B DL R,
WHRAETR, SR —86 HE—K B R
RADEREN, (HRZ B FRKERK, MELEdtes
FRFERIAKSY, FERRMER B R 2 R A AT,
IRBVRER AL, UFB T WSS R EENE . R, W]
NS TR, i) 2 AE L e it

129



FEWEHE/K 23] http://www.ggpsxb.com

&7 2020 FHEM—HKTNBERE
Table 7 Precipitation during sowing-jionting stage in 2020

H 3 0516 0522 0523 0531

0609 0610 0613 0703 0705

F& 7K E/mm 12.8 8.3 7.2 22.3

3.2 4.0 7.0 26.4 2.7
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Predicting Droughts in Growth Season of Spring Maize with the Wavelet Neural
Networks Using Particle Swarm Optimization Training

CAO Xiujia*?, GU Jian*?, MA Ningning", LIU Yonggi*, WANG Zihao™?, YIN Guanghua'’
(1. Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China; 2. University of Chinese Academy of
Sciences, Beijing 100049, China; 3. Tillage and Cultivation Research Institute, Liaoning Academy of Agricultural Science,
Shenyang 110116, China; 4. Shenyang Agricultural University, Shenyang 110016, China)

Abstract: [Background] Drought is the most common natural hazard occurring more frequently over the recent
years, due to climate change, and could have calamitous impact on agriculture. In northeast China, damage caused
by long-lasting and frequent droughts is especially severe and has been in increase over the past years. Forecasting
drought occurrence in plant growth season is hence important to safeguard agricultural production. [ Objective] This
paper is to present and test a model for drought forecast in efforts to offer a guidance to water-saving irrigation for
spring maize in the northeast of China. [ Method] The Pearson correlation coefficient method was used to select the
factors that impact the drought index most, based on daily meteorological data measured from 1965-2019 at Fumeng
county in Fuxin City of Liaoning province. We then forecasted the crop water deficit index at different growth stages
with the wavelet neural network model using the particle swarm optimization. [Result] The root mean square error
(RMSE) of the drought forecasted by the model at sowing-seedling, seedling-joining, jointing-tasseling,
tasseling-milking, and milking-maturity stages was 0.041 9, 0.017 4, 0.048 1, 0.029 7 and 0.042 1 respectively, and
their associated determination coefficient was 0.840 2, 0.985 3, 0.899 0, 0.957 5 and 0.917 7 respectively. These
were consistent with the ground-truth data, proving that the model is suitable for drought forecast in these areas.
There were no or only mild droughts in the sowing-seedling stage, but moderate or even extreme drought may occur
during the seedling-jointing stage. As the crop grew, the occurrence of severe drought became increasingly unlikely
especially in the milking-maturity stage, although mild drought might still occur in the jointing-tasseling and
tasseling-milking stages. [ Conclusion] The spring maize in the studied area is most prone to drought during the
seedling-jointing stage, and our results are of significance to precision irrigation, mitigating detrimental impact of
droughts on agricultural production.

Key words: drought forecast wavelet neural network; spring maize; crop water deficit index
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