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Abstract: In this study, based on the historical climatic data of 12 national meteorological stations in the eastern foothills
of Helan Mountain in Ningxia from 1981 to 2020, the changes of climate suitable area for wine grape ecological planting in the
eastern foothills of Helan Mountain in Ningxia under the background of climate change were analyzed by mathematical statistics
and mixed interpolation method based on ArcGIS, combined with the climatic regionales of wine grapes. The results showed
that the frost—free period showed a significant upward trend in the past 40 years, the climate tendency rate was 4.64 d/10 a, the
active accumulated temperature =10 °C from July to September showed a significant upward trend with an increase rate of

31.52(°C +d)/10 a, and the hydrothermal coefficient from July to September did not change obviously year by year. Mann—
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Kendall mutation test showed that the frost—free period and the active accumulated temperature =10 °C from July to September

were all increased significantly after 1998, and there was no abrupt change in hydrothermal coefficient from July to September.

From the perspective of spatial distribution, the frost-free period was generally displayed as a spatial distribution pattern of

"short in the north and long in the south", and the regions with frost—free period >180 d further expanded since 1998. The

active accumulated temperature =10 °C from July to September showed a pattern of "more in the north and south, less in the

middle". After 1998, except for Shitanjing, the active accumulated temperature =10 °C from July to September in the eastern

foothills of Helan Mountain was all above 1 900 ‘C-d. The spatial distribution pattern of the hydrothermal coefficient from July

to September was "small in the north, large in the middle and south" before 1998, and "large in the north, small in the middle

and south" after 1998. The regionalization results showed that under the influence of climate change, more than 97% of the area

after 1998 was the climate suitable area for wine grape ecological planting, among which, the area of the optimal area increased

by 310.71 m*, accounting for 13.3% of the total area, and the area of the unsuitable area decreased significantly, reducing

512.4 m*, accounting for 22.0% of the total area.

Keywords: climate change; wine grape; Mann—-Kendall mutation test; ecological planting regionalization; eastern foothills

of Helan Mountain in Ningxia
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Tab.1 The climate suitable regionalization index of wine grape ecological planting in the

eastern foothills of Helan Mountain in Ningxia
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Fig.1 Changes in climate factors during wine grape growth period in the eastern foothills of
Helan Mountain in Ningxia from 1981 to 2020
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Tab.2 Changes in climatic factors during wine grape—growth period in different years in the

eastern foothills of Helan Mountain in Ningxia at different ages
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Fig.2 The Mann—-Kendall mutation test of climate factors during wine grape growth period in the

eastern foothills of Helan Mountain in Ningxia
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Fig.3 Spatial distribution of frost—free periods in the eastern foothills of Helan Mountain in
Ningxia during 1981-1997 and 1998-2020
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Fig.4 Spatial distribution of active accumulated temperature —>10 C from July to September in the
eastern foothills of Helan Mountain in Ningxia during 1981-1997 and 1998-2020
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Fig.5 Spatial distribution of hydrothermal coefficient from July to September in the eastern foothills of
Helan Mountain in Ningxia during 1981-1997 and 1998-2020
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Fig.6 Climatic regionalization of wine grape ecological planting in the eastern foothills of Helan
Mountain in Ningxia during 1981-1997 and 1998-2020
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Tab.3 Statistical changes in climatic regionalization area of wine grapes it the eastern foothills of
Helan Mountain in Ningxia before and after 1998
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Area Percentage of total area Area Percentage of total area Area Percentage of total area
X Optimal region 87.66 3.8 398.37 17.1 310.71 13.3
ifi FL X Suitable region 782.57 33.6 1002.63 43.1 220.06 9.4
YGE T X Subsuitable region  874.19 37.5 855.83 36.7 -18.36 -0.8
Nifi FLIX. Unsuitable region 584.52 25.1 72.11 3.1 -512.41 -22.0
A1 Total 2 328.945 100 2 328.945 100 0 0
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