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Harm of Hail to Crops and Countermeasures of Artificial
Hail Suppression in Ulangab City
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Abstract Hail is one of meteorological disasters affecting crop growth in Ulanqab City. It happens frequently from May to September, and this period is
also the main growing season of crops. In this period, hail will cause damage to crops, make farmland soil harden, and bring varying degrees of harm to
agricultural production. Artificial hail suppression is an important scientific and technological means for disaster prevention and mitigation. It is necessary
to strengthen the monitoring, analysis and forecast of severe convection weather, intensify the release of early warning information of hail weather, provide
accurate and reliable real-time information for the implementation of artificial hail suppression operations, strengthen the implementation of artificial

weather modification, effectively carry out artificial hail suppression operations, and avoid and reduce the impact of hail disaster.
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Hail is a kind of weather phenomenon caused by strong con-
vection system. It has a small influence range, strong sudden oc-
currence and short process, and is accompanied by gale and heavy
precipitation. China is a country with frequent hail disaster. Un-
der the influence of large-scale cold air activities and terrain,
there is an obvious difference between various regions in the distri-
bution of hail in China. That is, it is more frequent in the north
(mountainous areas, and inland areas) than the south (plains and
coastal areas). Hail usually occurs in spring, summer and au-
tumn, of which the number of hail days from April to July ac-
counts for about 70% of the annual number. According to statis-
tics, the annual economic losses caused by hail in China amount
to hundreds of millions or even billions of yuan. Hail appears fre-
quently during the annual spring ploughing and field crop growing
season, so hail will damage seedlings, injure young fruits, and
make crops fall, which has a huge impact on agriculture. It is the
agricultural meteorological disaster second only to drought and
flood hazards. Hail is one of the common agricultural meteorologi-
cal disasters in Ulanqab City, and will cause different degrees of
harm to local agriculture and animal husbandry production every
year. In this paper, the characteristics of hail disaster in Ulangab
City were analyzed, and the harm caused by hail to crops was dis-
cussed. According to the adverse effects on agriculture, artificial
measures for hail prevention were put forward.

1 Analysis of hail characteristics in Ulanqgab
City

Ulangab is located in the center of Inner Mongolia Autono-
mous Region. The topography of the city is composed of Mongolia
Plateau, Ulanqab hills, the Yinshan Mountains and loess hills
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from north to south. The topography and landform are complex.
The branches of the Yinshan Mountains, Daqging Mountain and
Huitengliang Mountain, traverse the center of the city to divide
Ulangab into front and back mountainous areas, and they have ob-
vious differences in climate. It has a continental monsoon climate.
The average annual temperature is 4.3 °C , and the average annual
precipitation is 150 —450 mm. In a year, precipitation is concen-
trated from July to September, and there are often heavy rainfall
weather processes. In summer, the air near the surface warms fas-
ter, and due to the special geographical location and the uplifting
effect of mountain terrain, it is easy to form strong updraft and
then cause hail weather in local areas.

In Ulanqgab City, local hail weather occurs almost every year,
and a wide range of hail disaster occurs once every two years on
average , while serious hail occurs about once every three years''.
Hail occurs from middle March to early November, and was main-
ly concentrated during May — September, during which the number
of hail days accounts for about 93% of the total number of hail
days in a year. July has the largest number of hail days, followed
by June. This is caused by the seasonal fluctuation of subtropical
high pressure and the characteristics of hail formation. The dam-
age caused by hail in July and August is the most serious, that is,
it directly causes crop reduction or even failure, and damages agri-
cultural infrastructure.

The number of hail days in Ulanqab decreases from north to
south in general®’. The hail zone is located in the central and
southern part of Daqingshan area and the tail split zone, showing a
horizontal " T" shape, decreasing from south to north along the
transverse axis of Zhuozi and Jining and from east to west along the
vertical axis of Huade and Xinghe. Among them, Chahar Right
Wing Middle Banner in the back mountainous area is the center
with the frequent hail in Ulangab, followed by the surrounding
Chahar Right Wing Back Banner and Siziwang Banner, and
Xinghe County in the east. The frequency of hail is the lowest in
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Liangcheng County and Fengzhen City in the front mountainous

area.

2 Harm of hail to crops

Ulangab has a unique climate, good ecological environment
and natural advantages in developing green food. In recent years,
Ulangab City has vigorously developed characteristic planting, or-
ganic agriculture and efficient agriculture, mainly planting oats,
naked oats, wheat, corn, potatoes and other food crops, of which
naked oats is an important agricultural product in Ulangab City. It
is internationally recognized as the " global oats gold producing ar-
ea" , and naked oats has been approved as a geographical indica-
tion registration protection product. Besides, it is also one of the
three major producing areas of potato in China, and the planting
area and output of potato are in the forefront of the country. In ad-
dition, Ulanqgab develops cold vegetable planting, and fine vegeta-
bles such as cabbage, Chinese cabbage, broccoli, carrot, onion,
and celery are exported to more than 20 provinces, and form a cer-
tain scale of off-season vegetable planting.

In Ulanqab, hail often occurs in summer and autumn. During
this period, crops in Ulangab are growing vigorously. Hailstones
fall rapidly from high altitude and exert great impact force. Hail is
often accompanied by strong wind and rainstorm, and its destruc-
tion force is strong. It is more harmful to agricultural production,
often damage a large area of fruits, vegetables and other crops, di-
rectly hitting corn, potatoes and other seedlings. Large hailstones
can cause devastating damage to fruit trees, open vegetables and
other crops in the flowering and fruit period. For example, on
August 13, 2013, rare hail weather occurred in Siziwang Banner,
with an average diameter of 20 —30 mm, and it lasted for 20 min.
The affected area of crops reached 2 600 hm®, of which some
crops were seriously damaged, and wheat and rape almost failed to
harvest. From June 28 to 29, 2016, Ulanqaib City experienced re-
gional strong convection weather accompanied by gale, hail, and
heavy rainfall, and some areas of Xinghe County, Zhuozi County,
Chahar Right Wing Front Banner, Chahar Right Wing Middle
Banner, and Siziwang Banner were hit by hail. The maximum di-
ameter of hailstones in Siziwang Banner reached 13 mm, and hai-
ling lasted for about 10 min. As a results, the affected area of
crops such as sunflower, corn, potatoes, melons, and beans was
up to 10 751.6 hm®, and the inundated area was 7 751 hm’ , while
the area of crops without harvest was 3188 hm’. The harm of hail
to crops is mainly shown as follows.

2.1 Damage to crops
same time, hail can directly damage crops, while gale and rain

If hail, gale and heavy rain occur at the

can lead to a large area of field crops lodging'. Hail in different
seasons has different harm to crops. In spring, hail can directly
damage and kill newly transplanted or unearthed seedlings, but
they can be replanted in time after hailing, and the loss is rela-
tively small. In summer when crops are growing vigorously, hail
can damage their branches and leaves, fruits, and young ears, but
it is difficult to remedy, so the loss is larger. In early autumn,
most crops are mature and will be harvested, and hail can lead to
the reduction of crop yield, so the damage caused by hail is irre-
versible. Meanwhile, some crops have strong stress resistance in

the late growth period, and are less harmed by hail, so hail will
not cause excessive losses.
2.2 Freezing of crops
temperature gradually rises and is the highest in a year. and the

In the peak season of crop growth,

crops planted in this period like warmth and not tolerant of low
temperature. Because the temperature of hail itself is below 0 C ,
it will accumulate on the ground after falling to the ground. When
hail disaster is serious, the ground temperature will drop sharply,
so that crops will be frozen or even have no harvest™*'. Compared
with crop seedlings, crops in the flowering or mature stage are
more seriously affected by freezing damage, and it can even cause
devastating damage. Dicotyledonous crops such as beans are more
seriously affected than gramineous crops. After fruit trees are dam-
aged by hail, it will affect the growth in the current year and the
growth and development in the further. After their branches and
leaves are damaged by hail, it is easy to cause diseases and pests.
2.3 Soil compaction Hailing is accompanied by rainfall, and
strong rainfall in a short period of time will inevitably cause the
loss of surface soil in farmland. In addition, due to being hit by
rain and hail, the surface layer of soil in the field will be harden-
ed, affecting the respiration and growth of crop roots. Especially
after hail and other strong convection weather in spring and sum-
mer, it is easy to have sunny and dry weather, so that the surface
of hardened soil becomes drier, which is extremely unfavorable to
the growth and development of crops in the seedling and vigorous
growth periods.

3 Countermeasures of artificial hail suppres-
sion

Weather modification is an important scientific and techno-
logical means for rational development and utilization of air water
resources, improvement of ecological environment, disaster pre-
vention and reduction, and plays an important role in ensuring ag-
ricultural production and better serving people’s production and
life. At present, the weather department of Ulanqab City has sig-
nificantly improved its ability of weather modification operation,
and the operation efficiency has significantly increased. Presently,
the method of hail suppression is anti-aircraft gun artificial hail
suppression, and it provides a strong guarantee for the city’s disas-
ter prevention and reduction, and the increase of production and
income of agriculture and animal husbandry.
3.1 Intensifying the monitoring, analysis and forecast of se-
vere convection weather The refinement and accuracy of fore-
cast of sudden and local hail and other severe convection weather
should be continuously improved. Local meteorological depart-
ments should closely monitor the development and evolution of
weather systems, and timely carry out consultation, research and
judgment on severe convection weather and regional joint defense,
and accurately predict the occurrence time, intensity and falling
area of hail, provide accurate and reliable real-time information
for artificial hail suppression operations, provide weather modifica-
tion and hail suppression plans for operators in a timely manner.
3.2 Strengthening the release of warning information of
severe convection weather After the forecast of severe weather,

(To page 70)



70 Meteorological and Environmental Research 2024

ic carbon stocks in grasslands of a semiarid alpine region, northwestern
China[ J]. Journal of Soils and Sediments, 2019, 19(4) : 1640 —1650.

[4] YANG GA, MA A, ME B, et al. A systematic analysis and review of the
impacts of afforestation on soil quality indicators as modified by climate
zone, forest type and age[ J]. Science of the Total Environment, 2020,
757.

[5] SUN WY, SHAO QQ, LIU JY. Assessing the effects of land use and to-
pography on soil erosion on the Loess Plateau in China[J]. Catenagiessen
Then Amsterdam, 2014, 121(1): 151 —163.

[6] FERNANDEZ-ROMERO ML, LOZANO-GARCIA B, PARRAS-ALCA-

NTARA L. Topography and land use change effects on the soil organic

carbon stock of forest soils in Mediterranean natural areas[J]. Agricul-

ture, Ecosystems & Environment: an International Journal for Scientific

Research on the Relationship of Agriculture and Food Production to the

Biosphere, 2014, 195: 1 -9.

LIU H, JIN Y, ROCHE LM, et al. Understanding spatial variability of

forage production in California grasslands: Delineating climate, topogra-

phy and soil controls[ J]. Environmental Research Letters, 2021, 16(1) ;

014043 (19pp).

[8] ZHU J, WU A, ZHOU G. Spatial distribution patterns of soil total phos-
phorus influenced by climatic factors in China’s forest ecosystems|[ ] ].
Scientific Reports, 2021.

[9] LIU MX, MA JZ. Responses of plant functional traits and soil factors to
slope aspect in alpine meadow of South Gansu, Northwest China[ J]. Chi-
nese Journal of Applied Ecology, 2012, 23(12) . 3295 -3300.

[10] SUSANNA MM, STEPHEN P. Parent material and topography determine
soil phosphorus status in the Luquillo Mountains of Puerto Rico[ J].
Ecosystems, 2013, 16(2) ; 284 —294.

[11] SIEBERS N, SUMANN M, KAISER K, et al. Climatic effects on phos-
phorus fractions of native and cultivated North American grassland soils
[J]. Soil Science Society of America Journal, 2017, 81(2) ; 299.

[12] VITOUSEK PM, DIXONJL, CHADWICK OA. Climate-driven thresh-
olds for chemical weathering in postglacial soils of New Zealand [ J].
Journal of Geophysical Research Earth Surface Jgr, 2016, 121(9) ; 1619
- 1634.

[13] HOU EQ, CHEN CR, LUO YQ, et al. Effects of climate on soil phos-
phorus cycle and availability in natural terrestrial ecosystems[ J]. Global
Change Biology, 2018.

17

[

0®00#00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S0O0S00SOC

(From page 63)

meteorological departments at all levels should pay attention to
the release of warning information of sudden disastrous weather of
government departments, relevant units and key regions, make
full use of telephone, mobile phone short messages, wechat,
Douyin and other channels to call relevant responsible persons,
release the forecast and warning information to farmers and
herdsmen, agricultural production bases, etc. , and ensure that
those responsible for disaster prevention and mitigation receive
early warning information in a timely manner. While making
preparations for hail suppression in advance, they should work
with departments of agriculture, emergency management, trans-
portation and natural resources to study agricultural defense and
response measures, and actively cooperate with weather modifi-
cation and hail suppression.

3.3 Implementing weather modification responsibilities In
the implementation of artificial hail suppression operations, it is
necessary to make post responsibilities clear, and strengthen the
duty system and sense of responsibilities. The main responsible
comrades adhere to the front line of disaster prevention and miti-
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gation work, ensure the safety and reliability of operation points
and operating equipment according to crop seedlings and other ag-
ricultural production conditions, conduct real-time command
based on weather changes, and seize the favorable opportunity to
carry out hail suppression operations in a timely manner. Besides,
it is needed to strengthen the collection and report of severe con-
vection weather, timely report major disasters, and make a sum-
mary of artificial hail suppression operations.
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