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Analysis of the First Rainstorm in the Rainy Season in De-
hong under the Influence of the Bay of Bengal Storm
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Abstract Starting from the Bay of Bengal storm, based on conventional meteorological data, FY2G meteorological satellite data, EC fine grid data and
ERAS reanalysis data, the first rainstorm process in Dehong Prefecture in the early summer of 2024 was analyzed. The results show that the strengthening
and northeastward movement of the Bay of Bengal storm " Remal" was the main influencing system for the generation of continuous heavy precipitation in
Dehong Prefecture from May 25 to 27, 2024. The establishment and strengthening of the low-level southwest jet stream provided better dynamic, water va-
por and energy conditions for the generation of this heavy precipitation. The generation and maintenance of rainstorm required the transportation of a
steady stream of water vapor to the rainstorm area, and there was strong convergence of water vapor in the rainstorm area. Therefore, in the forecast of
summer rainstorm, whether the low-level jet stream is generated or not is very important for the forecast of rainstorm. In addition, there was a good corre-
sponding relationship between the falling area of heavy precipitation, precipitation intensity and duration, and low-level water vapor convergence area.
The establishment of southwest monsoon is of great significance to the beginning date of rainy season in Dehong Prefecture. The beginning date of rainy
season in Dehong Prefecture was closely related to the first rainstorm process in Dehong Prefecture in early summer. In the future prediction of the begin-

ning date of rainy season in Dehong Prefecture, the first statewide rainstorm process in early summer should be the key point for the prediction.
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Dehong Prefecture is located in the low-latitude plateau area,
and has the South Asian tropical monsoon climate. In summer,
under the influence of southwest monsoon from the Bay of Bengal ,
rainfall is abundant, and it has distinct climatic features in dry
and wet seasons. In the dry season, there is less natural precipita-
tion, and forest fires occur sometimes; meteorological drought is
obvious, which has a great impact on social and economic devel-
opment and people’s life. In the face of extremely severe situation
of disaster prevention and reduction, it is of great significance to
strengthen the research on the forecasting technology of the begin-
ning of rainy season in Dehong Prefecture. In early summer every
year, the first heavy rainfall weather process in the prefecture
mostly occurred in the transition period of dry and wet seasons,
and its causes have been paid great attention to by forecasters.
Whether the first heavy rainfall process in the rainy season in De-
hong Prefecture can be accurately predicted in advance is of great
significance for alleviating winter and spring drought and agricul-
tural production in the whole prefecture, and relevant departments
pay high attention to it, which is also a great responsibility for me-
teorological departments. Therefore, it is very important to accu-
rately forecast the first heavy rainfall process in the rainy season in
Dehong Prefecture. Niu Fabao et al. '™ analyzed the weather
process of the first provincial heavy precipitation in Yunnan in
May 2010, and found that the interaction between the Bay of Ben-
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gal storm and the monsoon trough was the main reason for the for-
mation of the first provincial heavy precipitation in Yunnan in
2010. From the analysis of causes of the first heavy rainfall
process in Yunnan in 2016 under the influence of MJO, Mi Ruizhi
et al. " found that the activity center of MJO was located in the
"wet window" period of Yunnan, and the strengthening and north-
eastward movement of the Bay of Bengal storm " Roanu" and the
southward movement of the Sichuan — Yunnan shear line were the
main causes of the heavy rainfall process in Yunnan Province.
Zheng Jianmeng et al. "’ pointed out that from spring to early sum-
mer, the activities of the southern trough generally brought strong
convective weather such as thunderstorms, gales, and hail to Yun-
nan, and it is difficult to form large-scale heavy precipitation,
while the Western Pacific subtropical high could only bring rela-
tively large precipitation to southeastern Yunnan during this peri-
od. Only when the Bay of Bengal monsoon breaks out and south-
west monsoon moves northwards to affect Yunnan, can it cause
large-scale heavy precipitation and realize the conversion of dry
and wet sections in Yunnan.

In recent years, there have been many studies on rainy sea-
son in Yunnan, low pressure (storm) in the Bay of Bengal, and
southwest monsoon, and many achievements have been made.
However, for meteorological departments of Dehong Prefecture,
there are few relevant studies on the beginning of rainy season in
Dehong Prefecture. Due to the complex topography of Dehong Pre-
fecture, the prediction of heavy rainfall under the influence of
complex topography is always a difficult problem for forecasters to
overcome, so whether all previous research results are applicable

to Dehong Prefecture remains to be tested. In addition, May is the
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transition period of dry and wet seasons in Dehong Prefecture, and
the atmospheric circulation is in an obvious adjustment period,
which makes it more difficult to predict a heavy precipitation
process.

From May 25 to 27, 2024, under the influence of the outer
flow of low pressure in the Bay of Bengal, Dehong Prefecture suf-
fered the first statewide heavy precipitation weather process since
the flood season, mainly with moderate-to-heavy and local rain-
storm and single-point heavy rainstorm. This process has made
five counties and cities in the prefecture enter the rainy season one
after another, and forecasters have made accurate forecasts of this
heavy precipitation process in advance, which has remarkable
service effect and has launched the first shot of disaster prevention
and reduction. Therefore, it is necessary to conduct detailed anal-
ysis and summary of this process. In this paper, starting from the
Bay of Bengal storm, based on conventional data and reanalysis
data, the influence system and physical mechanism of this heavy
precipitation process were analyzed to provide some useful enlight-
enment for predicting the beginning date of rainy season in Dehong

Prefecture in the future.

1 Characteristics of actual situation, disaster

situation and social impact

1.1 Precipitation situation From May 25 to 27, 2024, there
was an obvious continuous heavy precipitation process in Dehong
Prefecture, which mainly distributed in the west of Yingjiang, the
north of Longchuan, most part of Lianghe and the east of Mangshi
(Fig.1). Among these regional stations in the prefecture, the cu-
mulative rainfall of 32 stations was above 100 mm, accounting for
25.6%. That of 44 stations was 50 —100 mm, accounting for 35.2%.
In 31 stations, cumulative rainfall was 25 —50 mm, accounting for
24.8% . The cumulative rainfall of 18 stations was below 25 mm,
accounting for 14.4% . The cumulative precipitation of the five big
stations in the prefecture is as follows: Mangshi 85.2 mm, Ruili
20.3 mm, Longchuan 55.6 mm, Yingjiang 52.0 mm, and Liang-
he 87.1 mm. On May 25, there was mostly heavy rain or rain-
storm and locally downpour in Lianghe, mostly moderate or heavy
rain and locally rainstorm in Yingjiang, and small or moderate rain
in other counties and cities. The maximum rainfall appeared in
Guanzhang station of Lianghe County, up to 109.3 mm, and the
maximum rainfall intensity was 53.3 mm/h. Among the regional
stations, heavy rainstorm happened in 1 station, and rainstorm ap-
peared in 5 stations. On May 26, moderate or heavy rain hap-
pened in Ruili, and heavy rain or rainstorm appeared in other
counties and cities. The maximum rainfall was 95.5 mm, appea-
ring in Shimiwadi, Sudian, Yingjiang County, and the maximum
rainfall intensity was 67.9 mm/h. Rainstorm appeared in 25 sta-
tions. On May 27, moderate or heavy rain happened in Mangshi
and Ruili, and there was mostly moderate or heavy rain and locally
rainstorm in other counties and cities. The maximum rainfall ap-
peared in Anle, Lianghe County, reaching 68.5 mm, and the

maximum rainfall intensity was 14.3 mm/h. Rainstorm happened

in 4 stations. This precipitation process was the first statewide
heavy precipitation since the flood season in 2024, with main
characteristics of large precipitation intensity, long duration, large
cumulative rainfall, wide influence area, uneven temporal and
spatial distribution of precipitation, and it was accompanied by

lightning, gale, hail and other strong convection weather.
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Fig.1 Distribution of cumulative precipitation in Dehong Prefec-
ture from May 25 to 27, 2024

1.2 Disaster situation and social impact Due to the large
rainfall intensity, long duration, large accumulated rainfall, wide
range of impact, the heavy rainfall weather caused different de-
grees of rainstorm, flood and hail disasters in Lianghe County,
Mangshi, Longchuan County and other places, resulting in damage
to houses, crops, and infrastructure, affecting more than 5 000
people, and leading to serious economic losses. Among them,
Lianghe County suffered the most severe damage, involving more
than 1 300 households in 31 villages of 5 townships, with direct
economic losses of more than 7 million yuan.

For Dehong, the dry season is from the end of the rainy sea-
son in October to the beginning of the rainy season in next May. In
the dry season, there is less natural precipitation and obvious me-
teorological drought, which has a great impact on people’s produc-
tion and life, and even leads to forest fires. In the face of the se-
vere drought-relief situation, relevant departments at all levels in
the prefecture are facing enormous pressure, so the emergence of
the first statewide heavy rainfall process is of great significance.
The strong precipitation process appeared at the end of May when
Dehong Prefecture was in the transition period of dry and wet sea-
son. In the early stage, there were different degrees of meteoro-
logical drought in the whole prefecture, which affected people’s
production and life, so the obvious precipitation weather attracted
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wide attention from all walks of life. In addition, because of the
heavy rainfall weather process, 5 counties and cities in Dehong
Prefecture entered the rainy season one after another, so the first
statewide heavy rainfall (rainstorm) process in Dehong Prefecture
in early summer was closely related to the beginning of the rainy
season in Dehong Prefecture.

2 Causes of heavy precipitation

2.1 Atmospheric circulation background Cyclonic storm
"Renal", a tropical cyclone generated in the northern Indian
Ocean, formed on the evening of May 25, 2024 over the northern
surface of the Bay of Bengal (89.3° E, 19.8° N), and moved
northwards at a speed of 10 — 15 km/h, gradually increasing in in-
tensity. It landed from central Bangladesh to northeastern India
from the night of May 26 to the morning of May 27, with winds of
force 9 (23 m/s) near the center and a minimum pressure of 990
hPa in the center. After landing, it gradually moved towards north
by east. Xu Meiling et al. "*' found that when moved to the east,
the Bengal Bay storm had a great impact on Myanmar, Indo — China
Peninsula and southwest China, and was one of the main weather
systems causing heavy precipitation in southwest China. It can be
seen that since landing, " Remal" began to move northeastwards to
significantly affect Yunnan.

As can be seen from the evolution of FY2G meteorological
satellite infrared cloud images (Fig.2), the convective cloud sys-
tem was active in the Bay of Bengal after May 22, 2024, but the
main location of the cloud system was southward, and the low-
pressure spiral cloud system was not obvious. The low-pressure
spiral cloud system formed at around 08:00 on May 24, and then
continued to increase. The outer cloud system began to move to
the north and east to affect Dehong. The low pressure in the Bay of
Bengal continued to develop and strengthen, and reached storm
level from the evening of May 25 to the early morning of May 26.
From the cloud images, it can be seen that at 01:00 on May 26, a
rainstorm cloud with strong central intensity formed in the north of
the Bay of Bengal, and its outer spiral band cloud system was also
strong, forming a huge storm cloud system on a planetary scale.
Before the landing of " Remal" , the center of the storm was stable
and less moving, and continued to strengthen. The outer spiral
cloud system continued to separate and cast convective clouds to
affect Dehong, leading to precipitation weather in Dehong. The
intensity of cloud system in the storm center reached its maximum
for the first time at around 08:00 on May 26. It weakened slightly
during the day on May 26, and strengthened again at around
16:00. Afterwards, it continued to strengthen as it moved north-
wards on a west-north track, and landed in the north-by-west di-
rection of the Bay of Bengal (to west of 90° E) in the small hours
of May 27. At the time of landing, the storm cloud system gradu-
ally spread out, and the track turned to the north-by-east direc-
tion. Moreover, it remained to the west of Dehong for a long time.
The spread precipitation cloud system continued to move eastwards
to form a " train effect" , bringing continuous heavy precipitation
weather to Dehong. In this process, the center of the Bengal Bay

storm did not directly enter Yunnan, but precipitation weather ap-

peared in most areas of Yunnan under the influence of the outer
cloud system of " Remal". Especially in western and southwestern
Yunnan, there was a relatively strong precipitation process, and
precipitation was the strongest in western Yunnan. After the land-
ing of "Remal" , the weakened cyclonic circulation stayed on the
north bank of the Bay of Bengal for a long time, which provided
sufficient water vapor and energy conditions for the heavy precipi-
tation process in western and southwestern Yunnan. Dehong is lo-
cated in western Yunnan and is the window for southwest air flow
from the Bay of Bengal to enter Yunnan. Therefore, when south-
west air flow from the Bay of Bengal affected Yunnan along the
westward path, it brought a large amount of water vapor to affect
Dehong. Due to the special complex mountainous terrain in De-
hong, relatively heavy precipitation was often produced under the
influence of forced uplift of topography.
2.2 Atmospheric circulation pattern May is the transition
period of dry and wet seasons in Yunnan Province, and the atmos-
pheric circulation is in the transition period from winter circulation
pattern to summer circulation pattern in the northern hemisphere,
s0 it is very difficult to predict the heavy precipitation process”’.
Yan Huasheng et al. """ studied the weather origin and atmospher-
ic circulation background related to the precipitation in Yunnan in
May, and pointed out that the equatorial convergence zone, the
South Asian High, the West Pacific subtropical high and the sea-
sonal transformation of atmospheric circulation were important fac-
tors affecting the precipitation. Zheng Jianmeng et al. " believed
that there was a significant difference in the relationship between
precipitation in different regions of Yunnan in May and sea surface
temperature ( SST) in different regions of the world. Zhang Jinwen
et al. analyzed the influence of the atmospheric circulation in the
southern hemisphere on the precipitation in May in Yunnan from
the perspective of atmospheric circulation, and pointed out that
the westerly potential anomaly in the Southern Hemisphere was re-
lated to the precipitation in May in Yunnan. He Yuan et al. dis-
cussed the phase characteristics of the Arctic oscillation and the
snow cover in the Northern Hemisphere by using the wavelet con-
densation spectrum method, as well as the relationship between
the changes of the two and the precipitation in Yunnan in May. Li
Ting et al. studied the difference of rainfall in Yunnan in May un-
der different phases of tropical intraseasonal oscillation, and point-
ed out that the eastward transmission of tropical intraseasonal os-
cillation led to the northward transmission of tropical convection,
thus affecting the precipitation in Yunnan in May. It can be seen
that the factors affecting the precipitation in Yunnan in May are
very complicated. On the one hand, May is the transition period of
dry and wet seasons in Yunnan. In the dry season, it is mainly af-
fected by the westerly air flow. In the wet season, the westerly air
flow weakens to disappear, and the southwest monsoon breaks out
to bring a lot of water vapor. This seasonal change of atmospheric
circulation directly or indirectly affects the evolution of various cir-
culation systems. On the other hand, the interaction of different
factors on different time scales causes the complexity of precipitati-
on in Yunnan in May.

In this process, before the formation of the Bay of Bengal
storm " Remal" , there were " two troughs and one ridge" over
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Yunnan at 500 hPa, a plateau trough in the east of the Qinghai —
Tibet Plateau, a broad trough area from the east of the Indian Pen-
insula to the north of the Bay of Bengal, a high-pressure circula-
tion in the west of the Indian Peninsula, and a subtropical ridge
line from the center of the Indo — China Peninsula to the southern
edge of Yunnan. As a result, the whole Yunnan was in the con-
vergence area, which provided a good environmental condition for
the southwest flow of Bengal Bay to transport warm and wet air to
Yunnan. By 20:00 on May 25 (Fig.3a), the high pressure over
western India remained stable and intensified ; the subtropical high
moved westwards, and rose northwards; the ridge crossed 100° E,
while the low-pressure circulation over the northern Bay of Bengal
intensified. Due to the confrontation between the eastern and west-
ern high pressures, the low-pressure circulation over the Bay of
Bengal remained stable and strengthened. Seen from the potential
height field at 500 hPa, the storm center value was the lowest (on-
ly 576 dagpm) at 08 :00 on May 26 (Fig.3b), and remained until
landing. As the subtropical high continued to extended westwards
and rose northwards, guided by the southwest air flow on the west
side of the subtropical high, Remal moved to the northeast after
landing, and gradually weakened. Until about 20:00 on May 28,
it weakened and disappeared in Myanmar to the east of 90°E on
the southern side of the Qinghai — Tibet Plateau.

According to the wind field at 700 hPa, before the generation
of the Bay of Bengal storm, wind speed was small from the north of
the Bay of Bengal to the west of Dehong, and the wind mainly
blows from the southeast. At 08:00 on May 25, with the strength-
ening of low pressure over the Bay of Bengal, the southwest air
flow near the center of the low pressure and on the east side of the
low pressure increased significantly, reaching the standard of low-
level jet stream. Most of Yunnan was controlled by the outer
southwest air flow, among which the west and south of Dehong
were affected by the southerly air. At 08:00 on May 26 (Fig.3c),
the low pressure in the Bay of Bengal developed into a storm, and
the low-level jet stream on the east side of the storm center contin-
ued to strengthen and extended to the central part of Yunnan, re-
sulting in a heavy rainfall weather process in the western part of
central Yunnan from May 25 to 28. From May 25 to 26, Dehong
Prefecture was located in the left front of the exit area of the low-
level jet stream, which was conducive to the convergence and up-
lift of low-level water vapor here, and brought abundant water va-
por and unstable energy to Dehong. The wind field at 850 hPa
(Fig.3d) was similar to that of 700 hPa. From 08:00 on May 25
to 08:00 on May 28, the southwest jet stream on the east side of
the storm continued to strengthen and remained stable. Yunnan
was in the left front of the exit area of the jet stream, which pro-
vided better water vapor and energy transport for the occurrence of
strong precipitation in Yunnan. In Dehong area, the southerly air
component was more obvious. The more obvious the southerly air
was, the more favorable it was for water vapor transport and stron-
ger vertical upward movement, and the more favorable it was for
the generation and maintenance of heavy precipitation.

In conclusion, in late May, there was a convergence zone be-
tween the Indian Peninsula and the Indo — China Peninsula. The

formation of this convergence zone made the convective activities

between the Bay of Bengal and the tropical area on the east side of
the Indo — China Peninsula vigorous, which provided a good envi-
ronmental background for the formation and development of the
storm in the Bay of Bengal, so that the storm " Remal" in the Bay
of Bengal moved northeastwards after landing. In addition, with
the establishment of southwest monsoon flow, a steady flow of
monsoon flowed into the low-pressure circulation, so that the
weakened low pressure maintained stably for a long time. The es-
tablishment and strengthening of the low-level southwest jet pro-
vided better dynamic, water vapor and energy conditions for the
generation of this heavy precipitation.

2.3 Water vapor conditions in the heavy precipitation
process

conditions were mainly provided by the storm in the Bay of Bengal

During the heavy precipitation process, the dynamic

and the low-level jet stream, with sufficient power and obvious
vertical upward movement, which is not analyzed. The water vapor
conditions of heavy precipitation are mainly analyzed.
2.3.1 Water vapor flux. . Abundant water vapor supply is a nec-
essary condition for the occurrence of heavy precipitation. The oc-
currence of large-scale heavy precipitation has not only good local
water vapor conditions but also a steady supply of water vapor’ .
The waters of the Bay of Bengal are one of the important water va-
por sources affecting the precipitation in Yunnan, as well as the
most important water vapor transport area affecting the precipitati-
on weather in Dehong Prefecture. Studies and years of experience
have found that whether the water vapor channel can be success-
fully established from the Bay of Bengal to the west of Dehong Pre-
fecture was often positively correlated with the precipitation level
in Dehong Prefecture. The physical quantity that characterizes the
intensity and direction of water vapor transport in meteorology is
called water vapor flux. Before the occurrence of heavy precipitati-
on, there is usually a strong water vapor flux zone on the upwind
side (upstream direction) , which transports a large amount of wa-
ter vapor to the rainstorm area”’. According to the analysis of the
water vapor flux of this process, at 08:00 on May 25, the large-
value area of water vapor flux at 700 and 850 hPa was mainly dis-
tributed in the northeast of the Bay of Bengal. Guided by the low-
level jet stream, with the strengthening of the low-level jet stream,
the large-value area gradually extended to western Yunnan. From
May 26 to 27, an obvious wet tongue was formed in the west of
Dehong and distributed from south to north, indicating that the
water vapor channel from the Bay of Bengal to Yunnan had been
established. As can be seen from the diagrams of water vapor flux
at 850 hPa (Fig.4), the intensity of the wet tongue center was the
strongest at 20:00 on May 25, showing that water vapor transport
was the strongest on the night of May 25. This corresponded to the
strongest rainfall from the night of May 25 to the morning of May
26 in Dehong Prefecture, thus demonstrating that the occurrence
of a large range of heavy precipitation required a steady supply of
water vapor. From the wind vector diagrams, it can be seen that
the position of the low-level jet stream at 700 and 850 hPa was
consistent with that of the wet tongue, revealing that the low-level
jet stream was conducive to the transport of warm and wet air. As
can be seen from the diagram of water vapor flux at 500 hPa, at
20:00 on May 25, the water vapor flux in Yunnan was larger only
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Fig.2 Evolution of FY2G satellite infrared cloud images
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from the southwest of Yunnan to the northeast of the Bay of Ben-
gal. After 20:00 on May 25, the water vapor flux in the west of
Dehong gradually increased, and showed an obvious positive cor-
relation with the enhancement of the southwest air flow. Seen from
the profile charts, water vapor flux decreased gradually from 850
to 500 hPa, indicating that water vapor transport weakened gradu-
ally from low to high levels.

The above analysis shows that after " Remal" landed and
weakened, the southwest flow outside the low-pressure center
formed near (90° E, 20° N) established a deep water vapor chan-
nel for the heavy precipitation process in western and southwestern
Yunnan from May 26 to 27. Besides, the locations of the low-level
jet stream and wet tongue were consistent, showing that the low-
level jet stream was conducive to the transport of warm and wet
air, and could provide abundant water vapor transport conditions
for the generation and maintenance of heavy precipitation.

2.3.2 Water vapor flux divergence. It is found that heavy pre-
cipitation is inevitably accompanied by strong convergence of low-
level water vapor flux, and the concentration degree of water vapor
transport can be represented by water vapor flux divergence (A).
A >0 means water vapor flux divergence, and A <0 stands for wa-
ter vapor flux convergence. There is usually strong water vapor

. . 14]
convergence in a rainstorm e

In the process of the heavy
precipitation in Dehong Prefecture ( from May 25 to 27 ), seen
from the water vapor flux divergence fields at all levels, water va-
por divergence (i. e., A >0) was basically maintained over
Dehong and its upstream regions above 500 hPa. There was a sig-
nificant large-vale area of water vapor flux convergence (A <0)
over Dehong and the western region above 700 hPa on May 24. On
May 25, except for the obvious water vapor convergence in the
north of Dehong, the convergence in other areas was relatively
weak. On May 26 (Fig. 5a), with the formation of the Bay of
Bengal storm, the southwest jet strengthened, bringing obvious
water vapor convergence to Dehong Prefecture, resulting in an ob-
vious large-value center of water vapor convergence from north to
south in the water vapor flux divergence field. On May 27, with
the landing and northward movement of the storm on May 27, the
convergence area of wind speed on the east side of the storm rose
northwards, and the large-value area of water vapor flux conver-
gence also moved northwards. It can be seen from the diagram of
water vapor flux divergence field superimposed on wind vector at
850 hPa that before the storm, the wind speed in the upstream are-
a of Dehong was small, and there was weak convergence in the
western edge area of Dehong. With the formation and strengthe-
ning of the storm, the southerly air flow on the east side of the
storm also strengthened, and a low-level jet stream appeared. The
water vapor convergence in the northern part of the Bay of Bengal
— Myanmar — Dehong area increased, and the water vapor conver-
gence was the strongest at 08:00 on May 26 (Fig.5b). The water
vapor convergence was obvious all day long over Dehong region on

May 26, and the precipitation was also the strongest on May 26.

Moreover, it is found that the location of the water vapor conver-
gence area was consistent with that of the low-level jet stream. It
can be seen that the emergence of the low-level jet stream can not
only strengthen the water vapor transport from the Bay of Bengal to
Dehong, but also provide the conditions for the water vapor con-
vergence and uplift for the heavy precipitation in Dehong Prefec-
ture from May 25 to 27.

From the above analysis, it can be concluded that the genera-
tion and maintenance of rainstorm required a steady flow of water
vapor to the rainstorm area, and there was strong water vapor con-
vergence in the rainstorm area. The emergence of the low-level jet
stream could not only better guide the water vapor from the Bay of
Bengal into Dehong Prefecture, but also make the water vapor pro-
duce strong convergence upward movement in the rainstorm area,
which provides better water vapor and dynamic conditions for the
maintenance of heavy precipitation. Therefore, in the forecast of
rainstorm in summer, whether the low-level jet stream is produced
or not is very important for the forecast of rainstorm. In addition,
there was a good corresponding relationship between the falling ar-
ea of heavy precipitation, precipitation intensity and duration, and

low-level water vapor convergence area.

3 Relationship between the establishment of
southwest monsoon and the first rainstorm in
Dehong

Southwest monsoon is a summer monsoon prevalent in South
Asia and Southeast Asia, and the Indian summer monsoon is the
most typical. It originates from the southeast trade winds in the In-
dian Ocean. After crossing the equator, the southeast monsoon
originating from in the Indian Ocean turns to the southwest under
the influence of the deflection force of the earth’s rotation, and
passes through the tropical ocean, carries a lot of water vapor, and
is the main source of precipitation in the Indian Peninsula and
Southeast Asia. Through the Indian Peninsula and the Bay of Ben-
gal to the east, it can affect South China. When the southwest
monsoon develops strongly, it can also go deep into the Yangtze
River basin. Southwest monsoon is a tropical monsoon, and the
main area of southwest monsoon is at 0° —30° N, with the charac-
teristic of high temperature throughout the year, so it is a monsoon
system with strong summer monsoon force” *’. The activity of
summer rainband is closely related to the retreat and retreat of
summer monsoon. For a certain region, the stay of rainband cau-
ses the rainy season in that region, so the average date line of the
establishment of Asian summer monsoon can be determined ac-
cording to the changes of rainy season and wind direction. It can
be seen that the beginning of rainy season is closely related to the

. 19
establishment of summer monsoon'"’.

For Dehong, southwest
monsoon is one of the most important summer monsoon affecting
the rainy season in Dehong. It can be seen that the establishment

of southwest monsoon is of great significance to the beginning of
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the rainy season in Dehong. It is found that the dominant air flow
between the western Yunnan and the Indian Peninsula in early
summer is the southwest air flow, and the southwest air flow can
maintain for a long time, bringing continuous rainfall weather to
Yunnan. It is generally believed that southwest monsoon has been
established.

In 2024, the rainy season in Dehong started on May 6 in Rui-
li, May 24 in Mangshi, May 25 in Yingjiang and Lianghe, and
May 26 in Longchuan. Except Ruili, the rainy season of the other
four counties and cities all started around the time of the first

statewide heavy rainfall after Dehong Prefecture entered flood sea-
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son in 2024. Tt can be seen that the heavy rainfall process contrib-
uted significantly to the beginning of the rainy season this year, so
the beginning date of the rainy season in Dehong Prefecture was
closely related to the first heavy rain process in Dehong in early
summer. As a whole, it is particularly important to pay attention
to the first statewide rainstorm in early summer when the beginning
date of the rainy season is predicted. Through the analysis of this
process, three key points for the forecast of the first rainstorm

process in early summer in Dehong Prefecture were summarized as

Fig.4 Diagrams of water vapor flux superimposed on wind vector at 850 hPa
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Fig.5 Diagrams of water vapor flux divergence superimposed on wind vector at 700 (a) and 850 hPa (b)

At first, the general situation of atmospheric circulation in
early summer was analyzed. When the subtropical high extended
westwards and was strengthened, Dehong Prefecture was affected
by the southwest air in front of the south trough at 500 hPa, and
was controlled by the southwest air at 700 — 850 hPa. Especially
when southwest wind was obviously strengthened at 850 hPa, low
pressure was generated and strengthened in the north of the Bay
of Bengal, and the peripheral southwest air affected western Yun-
nan, it was worthy of attention. Secondly, it is needed to pay at-

tention to the circulation in the middle and low latitudes. If it was

controlled by the southwest air flow instead of the west wind flow
and the southwest air flow was stable, southwest monsoon had
been established, and precipitation would increase significant-
1y""). Thirdly, as far as Dehong is concerned, whether there is a
low-level jet stream at 850 hPa, the intensity of the low-level jet
stream and the location of the jet exit area all have good indication

significance for the occurrence of heavy precipitation in summer.

4 Conclusions

(1) This precipitation process was the first statewide heavy
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precipitation weather process since the flood season in 2024. The
main characteristics of this precipitation process were high precipi-
tation intensity, long duration, large cumulative rainfall, wide in-
fluence area, uneven temporal and spatial distribution of precipita-
tion, and being accompanied by strong convective weather such as
lightning, gale and hail.

(2) This heavy rainfall weather process made five counties
and cities in Dehong Prefecture enter the rainy season successively
(the rainy season began on May 6 in Ruili, May 24 in Mangshi,
May 25 in Yingjiang and Lianghe, and May 26 in Longchuan). Tt
can be seen that the first statewide heavy rainfall ( rainstorm )
process in Dehong Prefecture in early summer was closely related
to the beginning date of the rainy season in Dehong Prefecture.

(3) The two-high convergence area between the Indian Pen-
insula and the Indo — China Peninsula provided a good environ-
ment for the formation and development of the storm in the Bay of
Bengal. The strengthening and northeastward movement of the Bay
of Bengal storm "Remal" was the main influencing system for the
generation of continuous heavy precipitation in Dehong Prefecture
from May 25 to 27, 2024. The establishment and strengthening of
the low-level southwest jet stream provided better dynamic, water
vapor and energy conditions for the generation of this heavy
precipitation.

(4) The generation and maintenance of rainstorm required
the transportation of a steady stream of water vapor to the rainstorm
area, and there was strong convergence of water vapor in the rain-
storm area. Therefore, in the forecast of summer rainstorm,
whether the low-level jet stream is generated or not is very impor-
tant for the forecast of rainstorm. In addition, there was a good
corresponding relationship between the falling area of heavy pre-
cipitation, precipitation intensity and duration, and low-level wa-
ter vapor convergence area.

(5) The establishment of southwest monsoon is of great sig-
nificance to the beginning date of rainy season in Dehong Prefec-
ture. It is found that the dominant air flow between western Yun-
nan and the Indian Peninsula in early summer was southwest air
flow, and southwest air flow can maintain for a long time, bringing
continuous rainfall weather to Yunnan. It is generally believed that
southwest monsoon had been established.

(6) The beginning date of rainy season in Dehong Prefecture
was closely related to the first rainstorm process in Dehong Prefec-
ture in early summer. In the future prediction of the beginning
date of rainy season in Dehong Prefecture, the first statewide rain-
storm process in early summer should be the key point for the

prediction.
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