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Abstract

On the night of April 20, 2017, there was a heavy rain in Longyan City, ac-
companied by strong convective weather such as strong lightning, short-term
heavy precipitation, and 6 - 8 thunderstorms. The three-hour rain intensity
and the six-hour rain intensity of Shanghang Tongxian Township and Na-
nyang Town were once in a century. Through the use of radar, radar wind
profile and lightning locator data, the process can be divided into two phases:
The first stage is the strong precipitation stage of Changting Datong Town
during the 20 - 22 periods on the 20th. The process is accompanied by
short-term heavy precipitation (59.7 mm/h), strong lightning activity, and 6 -
8 thunderstorm gales. It is a convective cold cloud dominated precipitation.
The second stage is the strong precipitation stage of Shanghang Tongxian
Township on the 21st, 02 - 04, and the short-term strong precipitation inten-
sity reaches 75.7 mm/h, but the lightning and wind activity are weak, which is
the convective warm cloud-oriented precipitation. There are significant dif-
ferences in the strong convective weather between the two phases in the same
background. The analysis shows that the strong echo of the first stage radar
(above 60 dBz) is block-shaped southward, the speed of movement is fast, the
height of the echo top is high, and the rear nascent monomer forms a train
effect. In the second stage, the southwest-northeast-oriented convective zone
moves to the northeast direction, forming the train effect of the echo zone.
The center intensity is above 50 dBz, the echo top height is low, and the pre-
cipitation center moves slowly. This caused a large amount of accumulated
rainfall. In this paper, the radar data is used to analyze the heavy rainfall
process on the west coast of the straits, which has certain indication signific-
ance for the predictability of strong convective weather.
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Convective Warm Cloud Dominant Precipitation, Oblique Pressure

1. Introduction

From the night of April 20, 2017 to the 21st, there was a heavy rainstorm in
Longyan City. The precipitation process lasted for a short time, but the accumu-
lated rainfall was large, and the local convection developed strongly. According
to statistics (Figure 1), from 20 o’clock on the 20th to 20 o’clock on the 21st, the
city (excluding the traffic station) has a total of 52 regional stations with accu-
mulated rainfall exceeding 50 mm. There are 8 regional stations over 100 mm,
with 195.0 mm being the largest in Shanghang Tongxian Township and 192.1
mm in Nanyang Town. In terms of hourly rain intensity, there are 4 stations that
reach 50 mm/h, and above Hangtong Xianxiang is 75.7 mm/h. In addition, the
three-hour rain intensity of Shanghang Tongxian Township reached 151.2 mm,
the rain intensity reached 60.8 mm in 6 hours, the rain intensity in Nanyang
Town reached 146.5 mm, and the rain intensity reached 69.3 mm in 6 hours.
The three-hour rain intensity and the six-hour rain intensity of these two sta-

tions were once in a century.

2. Weather Scale Circulation Background Analysis

There are high-altitude trough activities in the north and south of the 500 hPa
process. The bottom of the trough of the north branch trough gradually south-
ward and has affected the area along the Yangtze River basin. The south branch
trough gradually moved closer to the Longyan, and the southwest jet stream over
the Longyan area was obviously strengthened. The southwest wind has streng-
thened into a hollow jet at 08:00 on the 21st. This provides abundant water va-
por and heat for strong convection development. In addition, a cold trough on
the 500 hPa gradually approaches the Longyan, bringing dry and cold air over
the Longyan, providing a dry and wet stratification condition for the develop-
ment of strong convection.

At 700 hPa, from 20 o’clock on the 20th to 08 o’clock on the 21st, the influ-
ence of the southwest jet flow control changed to the southward pressure of the
shear system (Figure 2). At 20 o’clock, the significant cold and warm air at 500
hPa and 700 hPa and 850 hPa strongly intersected, resulting in oblique pressure
front [1]. At 08 o’clock, with the shear change of 700 hPa, the shear system is
gradually approached on 850 and 925 hPa. The three-layer shear position is al-
most vertical, and there is no obvious tilt, which provides better dynamic condi-
tions for the generation of strong convection. At the same time, the 850 hPa in
Longyan area is an obvious wet area, which is between 14 and 16 than the wet.
The 500 hPa Shanglongyan area is located in the dry area. This dry and wet con-
figuration provides better stratification conditions for strong convection.

In addition, there is an obvious jet stream diversion area at 200 hPa over
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Figure 1. Accumulated precipitation in Longyan City from 20:00
on April 20 to 20:00 on the 21st.
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Figure 2. Analytical field at 20 o’clock on the morning of April 20, 2017 and 08 o’clock
on the 21st.

Longyan, resulting in obvious divergence over the area. The suction effect of this
low-level convergence high-level divergence configuration further enhances the
ascending motion of the region, providing favorable conditions for heavy preci-
pitation. The ground gradually changes from low pressure back groove control
to cold front south, providing a trigger mechanism for the occurrence of strong
convection.

From the above background analysis of weather scales, it can be seen that the
early stage of the process is in the stage of energy accumulation under the con-
trol of ground trough and low-level jet, and later into a systematic trigger stage
under the situation of cold front and low-level shear southward. The conditions
of water vapor and energy are the strongest in the early stage, and the dynamic
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conditions are the strongest in the late stage of the system. The weather scale
background of the two stages is very favorable for the occurrence and develop-

ment of strong convection [2].

3. Local Precipitation Difference Analysis
3.1. Similarities and Differences between Local Precipitations

Comprehensive analysis of satellite, radar, wind profiler radar and lightning lo-
cator data can be found. The main precipitation period of this process can be di-
vided into the strong precipitation stage of Changting Datong Town during the
20 - 22 periods on the 20th and the strong precipitation stage of the Tonghang
Township of Shanghang on the 21st. From the radar echo, the echoes in the first
stage of the Changting moved mainly from the central part of Jiangxi to the
southeast, forming a block-like strong single storm form southward and devel-
oping rapidly. In the second stage, the echoes are in the east-west direction, and
the echo band moves eastward from the junction of Jiangxi and Guangdong. The
direction of the echo zone is consistent with the direction of movement, result-
ing in a significant train effect [3].

In addition, from the evolution of the over-the-element elements of the sta-
tion, Datong Town, Changting, accompanied the process of rapid pressure rise
and sudden temperature drop in the event of short-term heavy precipitation,
and the extreme wind of the station was also significantly strengthened. From
the point of view of the lightning locator monitoring, it is also seen that there is
obvious lightning activity, and all of the early stage is the case where the negative
flash gradually turns into positive and negative flash [4] [5] [6]. Contrary to this,
the short-term strong precipitation intensity of Shanghang Tongxian Township
is very strong, but the changes in temperature, extreme wind and other factors
are relatively more moderate, and the lightning activity is also very weak. The
difference in precipitation properties between the two stations is very promi-
nent. So why is there such a significant precipitation in the northern part of
Changting and Shanghang in the same weather background, and why is the dif-

ference in precipitation properties between the two places so large?

3.2. Analysis of the Causes of the Strong Precipitation in
Changting and Shanghang
3.2.1. Local Wind Field Analysis
From the radar echo, Changting continued to have new monomer develop-
ments. With the 10-minute wind analysis of the regional station, it can be found
that the surface wind can analyze a local wind convergence center similar to the
low vortex (Figure 3). The shear line can be analyzed in the southwest and
northeast, respectively, and the local wind and wind convergence has been main-
tained for nearly half an hour. Contrary to Changting, when there was heavy pre-
cipitation in Tongxian Township, Shanghang (2:00 - 3 pm on the 21st), local wind
convergence also occurred during this period, but only lasted for about 5 minutes.
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Figure 3. At 20:05 on the 20th, Changting County 10 minutes great wind (a) and Shang-
hang County Tongxian Township 02:15 minutes 10 minutes great wind (b).

3.2.2. Analysis of the Influence of Cold Pool on Precipitation

The formation of the cold pool is due to the evaporation of the surface precipita-
tion and the relatively low temperature caused by the strong sinking of the dry
cold air in the monomer storm. The edge of the cold pool is just a violent area
where the sinking airflow and the ascending airflow at the front of the storm
meet, thus facilitating the triggering and strengthening of the nascent monomer.
From the distribution of the surface temperature in Changting County’s strong-
est precipitation (20:00 - 22:00 pm on the 20th), the regional distribution below
21°C is in good agreement with the location distribution of strong precipitation
and strong echo center. Moreover, the evolution of the strong echo center in
many times is basically strengthening and moving along the edge of the cold
pool. Therefore, the existence of the cold pool has a good effect on the strong
precipitation in the Changting area. Similarly, the cold pool phenomenon was

observed during the heavy precipitation in the Shanghang area [7].

3.2.3. Analysis of the Influence of Cold Pool on Precipitation

Judging from the terrain of Changting Station (Figure 4), it is surrounded by
mountains on all sides. In the near view, there is a small mountain range run-
ning northeast-southwest in its southeast direction. As can be seen from the
foregoing, the moving direction of the single storm is perpendicular to the direc-
tion of this small mountain range, causing severe ascending motion and convec-
tion triggering conditions, which is another driving reason for the rapid en-
hancement of the echo moving to the vicinity of Changting Station. Similarly,
there is a small mountain distribution in the north-north direction of Shang-
hangtongxian Township. It coincides with the fact that the moving direction of
the strong precipitation echo zone is orthogonal to the terrain, and it will also

form a strong terrain uplifting effect.

3.3. Analysis of the Differences of the Precipitation Echoes in
Changting and Shanghang

The previous article explains from the three aspects of local wind field conver-

gence, topographical action and cold pool action why such a strong convective
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(b)

Figure 4. Distribution of topography around Changting County Station (a) and Shang-
hang Tongxian Township (b).

weather occurs only in Changting and Shanghang in the same circulation back-
ground. So why is the difference between the strong convective weather in these
two places so obvious?

From the radar echo basic reflectivity factor product (Figure 5), it can be seen
that from 19:55 to 20:07 on the 20th, the radar echoes over the Changting
County Station are blocky, and the strong echoes develop to a higher altitude.
Especially at the elevation angle of 1.5, the echo intensity reaches 60 dBz, and the
strong center of the multi-elevation angle is basically at the same position, and
no tilt occurs. And when the monomer storm moves over the site, there are new
monomers moving through the station again, forming a train effect of the echo
unit. In addition, it can be seen from the radial velocity (figure omitted) that a
wind direction convergence zone is maintained for a long time in the Changting
station, and the convection development is continuously stimulated [8]. In addi-
tion, it should be pointed out that while heavy precipitation occurred in the
Changting area, there were 6 - 8 thunderstorms in the towns and villages down-
stream of Changting, including 17.3 m/s in Liuyuan Village and 18.6 m/s in
Xuanhe Township.

The radar echo characteristics of the occurrence of strong precipitation in
Shanghang Xianxian show that from 14:00 to 2:29 on the 21* (Figure 6), the
echo center intensity is basically between 45 - 50 dBz, which is distributed in the
east-west band. A strip-shaped echo train effect is formed at the station, and the
strong echo center is maintained near the station for a long time. Different from
the strong convection in Changting County, the strong echo center of Shang-
hang Tongxian Township has a tendency to tilt to the east when the strong
precipitation develops. The intensity of the echo center is weak, and the strong
lightning and thunderstorm winds are weak. The precipitation center has a
slow moving speed and a long duration. The system moving speed and the
monomer propagation cancel each other out, resulting in a large accumulated
rainfall.

4. Conclusions

From the night of April 20, 2017 to the early morning of the 21st, short-term
heavy precipitation occurred in Longyan Changting and Shanghang Tongxian
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Figure 5. 0.5° - 3.3° elevation angle basic reflectivity of Changting County at 20:01 on the
20",

Figure 6. Basic SAR of 0.5° - 3.3° elevation angle at 02:11 on the 21st, Tongxian Town-
ship, Shanghang County.

Township respectively. The local precipitation reached a heavy rainstorm level.
The precipitation process lasted for a short time, the accumulated rainfall was

large, and the local convection developed strongly. Through the analysis of the
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weather background, automatic station data, radar echo and other data when
strong convection occurs, it is found that: This strong convection process is af-
fected by the increase of hilly terrain, cold pool, local wind convergence and
strong train effect in both Changting and Shanghang. At the same time, the
strong convection occurred in Hangtongxian Township of the two places is
dominated by short-term heavy precipitation, which is dominated by convective
warm cloud. In addition to short-term heavy precipitation, the strong convec-
tion of Changting is accompanied by strong lightning, 6 - 8 thunderstorm and
strong wind, which is a convective cold cloud dominated precipitation.

The reason for the inconsistent nature of the strong convection between the
two places is mainly due to the inconsistent strength of the development of
strong echoes (the longest strongest is 61 dBz, the upper strongest is 50 dBz).
Moreover, in the strong convection development of Changting, there was no ob-
vious tilt at the center of the strong echo, and the strong echo of Shanghang
Tongxian Township showed a significant eastward tilt, resulting in stronger local

convective weather in Changting.
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