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Fig. 1 Distribution of 17 meteorological stations in Hebei Province
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Fig. 4 Spatial evolution characteristics of Is,p values in different growth stages of maize in Hebei Province
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Fig. 5 Spatial distribution of cumulative annual mean of drought and flood accumulation index during the fertility period of maize in Hebei Province
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Evolution characteristics of droughts and floods in different stage of maize

in Hebei Province based on SAPEI

YANG Xueting', CAO Yonggiang’, LIKexin', REN Bo', ZHOU Shuhan', ZHAO Hui'

(1. School of Geographical Sciences, Liaoning Normal University, Dalian 116029, China; 2. Academy of Eco-civilization Development for

Jing-Jin-Ji Megalopolis, Tianjin Normal University, Tianjin 300387, China )

Abstract: In the context of global change, extreme weather events are frequent and recurring, leading to a

continuous increase in both affected areas and risks. Among them, droughts and floods have the most widespread

impact and become one of the major meteorological disasters affecting agricultural production. According to the

relevant statistical results, the area affected by agriculture in 2021 is as high as 1.17x10" hm’ in China. Hebei

Province is located in the North China Plain of China which belongs to the temperate continental monsoon climate.

¥ K & & 415


https://doi.org/10.19760/j.ncwu.zk.2019032
https://doi.org/10.19760/j.ncwu.zk.2019032
https://doi.org/10.19760/j.ncwu.zk.2019032
https://doi.org/10.19760/j.ncwu.zk.2019032
https://doi.org/10.19760/j.ncwu.zk.2019032
https://doi.org/10.19760/j.ncwu.zk.2019032
https://doi.org/10.19760/j.ncwu.zk.2019032
https://doi.org/10.19760/j.ncwu.zk.2019032
https://doi.org/10.13826/j.cnki.cn65-1103/x.2016.01.002
https://doi.org/10.13826/j.cnki.cn65-1103/x.2016.01.002
https://doi.org/10.13826/j.cnki.cn65-1103/x.2016.01.002
https://doi.org/10.16258/j.cnki.1674-5906.2020.04.016
https://doi.org/10.16258/j.cnki.1674-5906.2020.04.016
https://doi.org/10.16258/j.cnki.1674-5906.2020.04.016
https://doi.org/10.31497/zrzyxb.20210519
https://doi.org/10.31497/zrzyxb.20210519
https://doi.org/10.13930/j.cnki.cjea.180835
https://doi.org/10.13930/j.cnki.cjea.180835
https://doi.org/10.13930/j.cnki.cjea.180835
https://doi.org/10.13930/j.cnki.cjea.180835
https://doi.org/10.13930/j.cnki.cjea.180835
https://doi.org/10.13930/j.cnki.cjea.180835
https://doi.org/10.13930/j.cnki.cjea.180835
https://doi.org/10.11755/j.issn.1006-7639(2018)-06-0954
https://doi.org/10.11755/j.issn.1006-7639(2018)-06-0954
https://doi.org/10.11755/j.issn.1006-7639(2018)-06-0954
https://doi.org/10.11841/j.issn.1007-4333.2020.04.01
https://doi.org/10.11841/j.issn.1007-4333.2020.04.01
https://doi.org/10.11841/j.issn.1007-4333.2020.04.01
https://doi.org/10.11841/j.issn.1007-4333.2020.04.01
https://doi.org/10.13826/j.cnki.cn65-1103/x.2014.01.008
https://doi.org/10.13826/j.cnki.cn65-1103/x.2014.01.008
https://doi.org/10.19760/j.ncwu.zk.2021038
https://doi.org/10.19760/j.ncwu.zk.2021038
https://doi.org/10.19760/j.ncwu.zk.2021038
https://doi.org/10.19760/j.ncwu.zk.2021038
https://doi.org/10.19760/j.ncwu.zk.2021038
https://doi.org/10.19760/j.ncwu.zk.2021038
https://doi.org/10.19517/j.1671-6345.20190445
https://doi.org/10.19517/j.1671-6345.20190445
https://doi.org/10.19517/j.1671-6345.20190445
https://doi.org/10.13878/j.cnki.jnuist.2015.03.009
https://doi.org/10.13878/j.cnki.jnuist.2015.03.009
https://doi.org/10.13878/j.cnki.jnuist.2015.03.009
https://doi.org/10.13878/j.cnki.jnuist.2015.03.009
https://doi.org/10.13878/j.cnki.jnuist.2015.03.009
https://doi.org/10.13878/j.cnki.jnuist.2015.03.009
https://doi.org/10.13878/j.cnki.jnuist.2015.03.009
https://doi.org/10.13878/j.cnki.jnuist.2015.03.009
https://doi.org/10.2134/agronj1960.000219620052
https://doi.org/10.2134/agronj1960.000219620052
https://doi.org/10.2134/agronj1960.000219620052
https://doi.org/10.2134/agronj1960.000219620052
https://doi.org/10.2134/agronj1960.000219620052
https://doi.org/10.11755/j.issn.1006-7639(2018)-04-0554
https://doi.org/10.11755/j.issn.1006-7639(2018)-04-0554
https://doi.org/10.11755/j.issn.1006-7639(2018)-04-0554
https://doi.org/10.19760/j.ncwu.zk.2019032
https://doi.org/10.19760/j.ncwu.zk.2019032
https://doi.org/10.19760/j.ncwu.zk.2019032
https://doi.org/10.19760/j.ncwu.zk.2019032
https://doi.org/10.19760/j.ncwu.zk.2019032
https://doi.org/10.19760/j.ncwu.zk.2019032
https://doi.org/10.19760/j.ncwu.zk.2019032
https://doi.org/10.19760/j.ncwu.zk.2019032
https://doi.org/10.13826/j.cnki.cn65-1103/x.2016.01.002
https://doi.org/10.13826/j.cnki.cn65-1103/x.2016.01.002
https://doi.org/10.13826/j.cnki.cn65-1103/x.2016.01.002
https://doi.org/10.16258/j.cnki.1674-5906.2020.04.016
https://doi.org/10.16258/j.cnki.1674-5906.2020.04.016
https://doi.org/10.16258/j.cnki.1674-5906.2020.04.016
https://doi.org/10.31497/zrzyxb.20210519
https://doi.org/10.31497/zrzyxb.20210519
https://doi.org/10.13930/j.cnki.cjea.180835
https://doi.org/10.13930/j.cnki.cjea.180835
https://doi.org/10.13930/j.cnki.cjea.180835
https://doi.org/10.13930/j.cnki.cjea.180835
https://doi.org/10.13930/j.cnki.cjea.180835
https://doi.org/10.13930/j.cnki.cjea.180835
https://doi.org/10.13930/j.cnki.cjea.180835
https://doi.org/10.11755/j.issn.1006-7639(2018)-06-0954
https://doi.org/10.11755/j.issn.1006-7639(2018)-06-0954
https://doi.org/10.11755/j.issn.1006-7639(2018)-06-0954
https://doi.org/10.11841/j.issn.1007-4333.2020.04.01
https://doi.org/10.11841/j.issn.1007-4333.2020.04.01
https://doi.org/10.11841/j.issn.1007-4333.2020.04.01
https://doi.org/10.11841/j.issn.1007-4333.2020.04.01
https://doi.org/10.13826/j.cnki.cn65-1103/x.2014.01.008
https://doi.org/10.13826/j.cnki.cn65-1103/x.2014.01.008
https://doi.org/10.19760/j.ncwu.zk.2021038
https://doi.org/10.19760/j.ncwu.zk.2021038
https://doi.org/10.19760/j.ncwu.zk.2021038
https://doi.org/10.19760/j.ncwu.zk.2021038
https://doi.org/10.19760/j.ncwu.zk.2021038
https://doi.org/10.19760/j.ncwu.zk.2021038
https://doi.org/10.19517/j.1671-6345.20190445
https://doi.org/10.19517/j.1671-6345.20190445
https://doi.org/10.19517/j.1671-6345.20190445
https://doi.org/10.13878/j.cnki.jnuist.2015.03.009
https://doi.org/10.13878/j.cnki.jnuist.2015.03.009
https://doi.org/10.13878/j.cnki.jnuist.2015.03.009
https://doi.org/10.13878/j.cnki.jnuist.2015.03.009
https://doi.org/10.13878/j.cnki.jnuist.2015.03.009
https://doi.org/10.13878/j.cnki.jnuist.2015.03.009
https://doi.org/10.13878/j.cnki.jnuist.2015.03.009
https://doi.org/10.13878/j.cnki.jnuist.2015.03.009
https://doi.org/10.2134/agronj1960.000219620052
https://doi.org/10.2134/agronj1960.000219620052
https://doi.org/10.2134/agronj1960.000219620052
https://doi.org/10.2134/agronj1960.000219620052
https://doi.org/10.2134/agronj1960.000219620052
https://doi.org/10.11755/j.issn.1006-7639(2018)-04-0554
https://doi.org/10.11755/j.issn.1006-7639(2018)-04-0554
https://doi.org/10.11755/j.issn.1006-7639(2018)-04-0554
https://doi.org/10.19760/j.ncwu.zk.2019032
https://doi.org/10.19760/j.ncwu.zk.2019032
https://doi.org/10.19760/j.ncwu.zk.2019032
https://doi.org/10.19760/j.ncwu.zk.2019032
https://doi.org/10.19760/j.ncwu.zk.2019032
https://doi.org/10.19760/j.ncwu.zk.2019032
https://doi.org/10.19760/j.ncwu.zk.2019032
https://doi.org/10.19760/j.ncwu.zk.2019032
https://doi.org/10.13826/j.cnki.cn65-1103/x.2016.01.002
https://doi.org/10.13826/j.cnki.cn65-1103/x.2016.01.002
https://doi.org/10.13826/j.cnki.cn65-1103/x.2016.01.002
https://doi.org/10.16258/j.cnki.1674-5906.2020.04.016
https://doi.org/10.16258/j.cnki.1674-5906.2020.04.016
https://doi.org/10.16258/j.cnki.1674-5906.2020.04.016
https://doi.org/10.31497/zrzyxb.20210519
https://doi.org/10.31497/zrzyxb.20210519
https://doi.org/10.13930/j.cnki.cjea.180835
https://doi.org/10.13930/j.cnki.cjea.180835
https://doi.org/10.13930/j.cnki.cjea.180835
https://doi.org/10.13930/j.cnki.cjea.180835
https://doi.org/10.13930/j.cnki.cjea.180835
https://doi.org/10.13930/j.cnki.cjea.180835
https://doi.org/10.13930/j.cnki.cjea.180835
https://doi.org/10.11755/j.issn.1006-7639(2018)-06-0954
https://doi.org/10.11755/j.issn.1006-7639(2018)-06-0954
https://doi.org/10.11755/j.issn.1006-7639(2018)-06-0954
https://doi.org/10.11841/j.issn.1007-4333.2020.04.01
https://doi.org/10.19760/j.ncwu.zk.2019032
https://doi.org/10.19760/j.ncwu.zk.2019032
https://doi.org/10.19760/j.ncwu.zk.2019032
https://doi.org/10.19760/j.ncwu.zk.2019032
https://doi.org/10.19760/j.ncwu.zk.2019032
https://doi.org/10.19760/j.ncwu.zk.2019032
https://doi.org/10.19760/j.ncwu.zk.2019032
https://doi.org/10.19760/j.ncwu.zk.2019032
https://doi.org/10.13826/j.cnki.cn65-1103/x.2016.01.002
https://doi.org/10.13826/j.cnki.cn65-1103/x.2016.01.002
https://doi.org/10.13826/j.cnki.cn65-1103/x.2016.01.002
https://doi.org/10.16258/j.cnki.1674-5906.2020.04.016
https://doi.org/10.16258/j.cnki.1674-5906.2020.04.016
https://doi.org/10.16258/j.cnki.1674-5906.2020.04.016
https://doi.org/10.31497/zrzyxb.20210519
https://doi.org/10.31497/zrzyxb.20210519
https://doi.org/10.13930/j.cnki.cjea.180835
https://doi.org/10.13930/j.cnki.cjea.180835
https://doi.org/10.13930/j.cnki.cjea.180835
https://doi.org/10.13930/j.cnki.cjea.180835
https://doi.org/10.13930/j.cnki.cjea.180835
https://doi.org/10.13930/j.cnki.cjea.180835
https://doi.org/10.13930/j.cnki.cjea.180835
https://doi.org/10.11755/j.issn.1006-7639(2018)-06-0954
https://doi.org/10.11755/j.issn.1006-7639(2018)-06-0954
https://doi.org/10.11755/j.issn.1006-7639(2018)-06-0954
https://doi.org/10.11841/j.issn.1007-4333.2020.04.01
https://doi.org/10.11841/j.issn.1007-4333.2020.04.01
https://doi.org/10.11841/j.issn.1007-4333.2020.04.01
https://doi.org/10.11841/j.issn.1007-4333.2020.04.01
https://doi.org/10.13826/j.cnki.cn65-1103/x.2014.01.008
https://doi.org/10.13826/j.cnki.cn65-1103/x.2014.01.008
https://doi.org/10.19760/j.ncwu.zk.2021038
https://doi.org/10.19760/j.ncwu.zk.2021038
https://doi.org/10.19760/j.ncwu.zk.2021038
https://doi.org/10.19760/j.ncwu.zk.2021038
https://doi.org/10.19760/j.ncwu.zk.2021038
https://doi.org/10.19760/j.ncwu.zk.2021038
https://doi.org/10.19517/j.1671-6345.20190445
https://doi.org/10.19517/j.1671-6345.20190445
https://doi.org/10.19517/j.1671-6345.20190445
https://doi.org/10.13878/j.cnki.jnuist.2015.03.009
https://doi.org/10.13878/j.cnki.jnuist.2015.03.009
https://doi.org/10.13878/j.cnki.jnuist.2015.03.009
https://doi.org/10.13878/j.cnki.jnuist.2015.03.009
https://doi.org/10.13878/j.cnki.jnuist.2015.03.009
https://doi.org/10.13878/j.cnki.jnuist.2015.03.009
https://doi.org/10.13878/j.cnki.jnuist.2015.03.009
https://doi.org/10.13878/j.cnki.jnuist.2015.03.009
https://doi.org/10.2134/agronj1960.000219620052
https://doi.org/10.2134/agronj1960.000219620052
https://doi.org/10.2134/agronj1960.000219620052
https://doi.org/10.2134/agronj1960.000219620052
https://doi.org/10.2134/agronj1960.000219620052
https://doi.org/10.11755/j.issn.1006-7639(2018)-04-0554
https://doi.org/10.11755/j.issn.1006-7639(2018)-04-0554
https://doi.org/10.11755/j.issn.1006-7639(2018)-04-0554
https://doi.org/10.11841/j.issn.1007-4333.2020.04.01
https://doi.org/10.11841/j.issn.1007-4333.2020.04.01
https://doi.org/10.11841/j.issn.1007-4333.2020.04.01
https://doi.org/10.13826/j.cnki.cn65-1103/x.2014.01.008
https://doi.org/10.13826/j.cnki.cn65-1103/x.2014.01.008
https://doi.org/10.19760/j.ncwu.zk.2021038
https://doi.org/10.19760/j.ncwu.zk.2021038
https://doi.org/10.19760/j.ncwu.zk.2021038
https://doi.org/10.19760/j.ncwu.zk.2021038
https://doi.org/10.19760/j.ncwu.zk.2021038
https://doi.org/10.19760/j.ncwu.zk.2021038
https://doi.org/10.19517/j.1671-6345.20190445
https://doi.org/10.19517/j.1671-6345.20190445
https://doi.org/10.19517/j.1671-6345.20190445
https://doi.org/10.13878/j.cnki.jnuist.2015.03.009
https://doi.org/10.13878/j.cnki.jnuist.2015.03.009
https://doi.org/10.13878/j.cnki.jnuist.2015.03.009
https://doi.org/10.13878/j.cnki.jnuist.2015.03.009
https://doi.org/10.13878/j.cnki.jnuist.2015.03.009
https://doi.org/10.13878/j.cnki.jnuist.2015.03.009
https://doi.org/10.13878/j.cnki.jnuist.2015.03.009
https://doi.org/10.13878/j.cnki.jnuist.2015.03.009
https://doi.org/10.2134/agronj1960.000219620052
https://doi.org/10.2134/agronj1960.000219620052
https://doi.org/10.2134/agronj1960.000219620052
https://doi.org/10.2134/agronj1960.000219620052
https://doi.org/10.2134/agronj1960.000219620052
https://doi.org/10.11755/j.issn.1006-7639(2018)-04-0554
https://doi.org/10.11755/j.issn.1006-7639(2018)-04-0554
https://doi.org/10.11755/j.issn.1006-7639(2018)-04-0554

F20% F2H BAAE S ARBECFE) 2023 454 A

Under the influence of global climate change, the temperature in Hebei Province has increased while precipitation
has decreased, and the occurrence of droughts and floods has changed the growth and development of corn, which
has had a huge impact on agricultural production and economic activities. Therefore, the spatial and temporal
evolution characteristics of droughts and floods during maize reproductive period are greatly significant for the
disaster for the prevention and mitigation of maize production.

The research methods include SAPEI (Standardized Antecedent Precipitation Evapotranspiration Index) and
ArcGIS to reflect the drought and flooding characteristics of maize in Hebei Province during the reproductive
period. SAPEI can not only evaluate the single-day drought and flood conditions by precipitation time and amount,
but also take into account the influence of soil moisture in the early stages, which is more comprehensive and has
higher monitoring accuracy. And the map in ArcGIS will visualize the spatial evolution trend of SAPEI values.

Conclusion: (1) The SAPEI in Hebei Province fluctuated from —1.0 to 1.5 in the initial growth stage, rapid
development stage, middle development stage and maturity stage of maize, and the fluctuation in the initial growth
stage showed an upward trend from 1980 to 2020. (2) The overall spatial variation of SAPEI in Hebei Province was
characterized by a wetting trend in the initial growth period and the rapid development period of maize. The trend of
wetting was obvious during the initial growth period and rapid development period, while the eastern and southern
meteorological stations showed a trend of drought during the middle and mature periods. (3) The multi-year average
drought accumulation index Q, was generally distributed in a pattern of high southeast and low northwest during the
maize reproductive period in Hebei Province, that means the drought in the northwest was greater than in the
southeast. The multi-year average flood accumulated index Q,, varied from 21.07 to 37.85, and the distribution
pattern of annual average of accumulated index of drought and flood corresponded with the distribution pattern of
precipitation in Hebei Province. The results will provide a theoretical basis for agricultural meteorological disaster
risk assessment and disaster prevention and mitigation management decisions in Hebei Province.

Key words: SAPEI ; drought and flood accumulation index; stage of maize; characteristics of drought and waterlog;
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