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Based on multi-source observation data such as lightning locator, atmospheric
electric field instrument and hourly precipitation data from automatic stations,
the lightning characteristics of the strong convective weather process under the
influence of the northeast cold vortex in Nanjing Jiangsu Province on 15 June
2020 was analyzed in depth, and the relationship between the lightning activity
and the precipitation was obtained. The results show that this strong convective
weather process is formed by the cold air from the back of the northeast cold
vortex along the front of the high-pressure ridge and the back of the transverse
through southward to the middle and lower reaches of the Yangtze River, which
makes the cold and warm air currents converge along the south of the Yangtze
River to form the heavy precipitation, and is accompanied by the strong lightning
activity in the process of this heavy precipitation. The local thunderstorm electric
field in Nanjing is mainly characterized by negative increasing type, positive and
negative alternating type, and multi-single thunderstorm electric field, and the
thunderstorm activity is mainly dominated by negative ground flashes. During this
strong thunderstorm, the stronger precipitation periods corresponded to the
stronger lightning frequency periods, and the lightning and precipitation fallout
areas showed a consistent spatial distribution. The correlation between the
lightning activity and precipitation was analyzed by linear fitting, and the
correlation between them is 0.946.
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1 Introduction

Lightning is a long-distance instantaneous discharge phenomenon in thunderstorm
weather. The strong current, high temperature and electromagnetic pulse radiation
generated during lightning discharge often endanger all aspects of people’s lives. The
disasters caused by lightning have caused serious economic losses and social impacts on
human beings (Rakov and Uman, 2003; Christian et al., 2003). Therefore, it is of great
significance to conduct in-depth and meticulous scientific research on the characteristics of
lightning occurrence and development activities and its early warning and forecasting work
for reducing the loss of people’s lives and property caused by lightning.
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For a long time, the research on lightning is mainly based on
Doppler weather radar, lightning location instruments, atmospheric
electric field instruments and other detection equipment. Relevant
researchers in China and other countries have done a lot of in-depth
research work on the electrical characteristics of thunderstorm
clouds and precipitation and lightning in the process of severe
convective weather, and have achieved fruitful research results
(Gungle and Krider, 2006; Holle et al., 1994; Dayeh et al., 2021;
Jin et al., 2022; Zhu et al., 2023; Liu et al., 2022; Wang et al., 2016; Li
et al., 2022; MacGorman and Morgenstem, 1998; Chatterjee and
Das, 2020; Zhang et al., 2015). Serge and Serge, (2001) obtained the
relationship between lightning and precipitation through the study
of lightning location data, and found that lightning and precipitation
are highly consistent in space. The precipitation corresponding to
positive CG (cloud-to-ground) lightning is often higher than that
corresponding to negative CG lightning. Battan (1965) found that
with the development of precipitation, the corresponding lightning
frequency also increases. Piepgrass et al. (1982) found that the peak
of lightning frequency has a positive time advance compared with
the peak of precipitation intensity. The specific characteristics of
lightning occurrence and precipitation proposed in the above studies
are also of great warning significance for strong convective weather
warnings. In addition, relevant scholars also use lightning location
systems and radar observation data to observe many severe
convective weather processes, and find that there is a certain
positive correlation between CG lightning and radar echo
intensity. CG lightning frequency can be used to predict
precipitation. Lightning data can not only predict the occurrence
and development of convective activities, but also predict floods
(Petersen et al., 1996; Holle and Bennett, 1997). However, there are
still some difficulties in the thunderstorm warning work during the
local extreme heavy precipitation weather in practice. A large
number of observations and studies have shown that in different
formation and development environments, the characteristics of
lightning activity show diversity, and the formation mechanism of
its electric field is also very different (Latha, 2003; Qie et al., 2005;
Qie et al., 2009; Chapman et al., 2017; Pustovalov and Nagorskiy,
2018; Sabri et al., 2019). The northeast cold vortex is an important
impact system that causes weather disasters such as thunderstorms,
strong winds, and hail. The strong convective weather caused by
cold air moving south often has an important impact on the
Jianghuai region, and it is imperative to strengthen the analysis
and research on the specific characteristics of such typical cases and
then provide technical support and reference for the early warning
of strong convective weather in Jiangsu (Shen et al., 2021; Shen et al.,
2022; Cao et al., 2023; Shen et al., 2023; Song et al., 2023; Zhao et al.,
2023). However, due to the sudden occurrence and development of
strong convective weather and its strong local characteristics, it has
always been difficult in forecasting services. Therefore,
strengthening the research and application of multi-source
observation data in short-term and imminent forecasting services
and improving the ability of forecasting and early warning is still the
future direction of relevant staff. At present, the research and
application of weather radar observation data have achieved
fruitful results in the short-term and imminent forecasting
service. However, the effective use of radar in the short-term and
imminent lightning warnings needs to be further improved because
of its wide detection range.

In recent years, new types of detection data have been put into
wide application and achieved fruitful research results in the
proximity warning of short-term heavy precipitation weather. Shi
et al. (2023) evaluated the results of joint assimilation of AGRI
infrared radiance and ground-based MWR (microwave radiometer)
data in short-term heavy precipitation prediction, and found that
the joint assimilation of AGRI radiance andMWRdata improves the
simulation of the 6-hourly cumulative precipitation effectively and
improves the precipitation prediction significantly in the Beijing
area; Van et al. (2022) measured the relationship between raindrop
distribution and rainfall intensity by using an optical raindrop
spectral rangefinder and derived relevant metrics. At present, in
terms of short-term early warning, the atmospheric electric field
instrument of the new detection instrument such as short data aging
and far smaller than radar detection range, can make up for the
shortcomings of radar detection data in time and space resolution,
and also provide technical support for severe convective weather
monitoring and early warning to some extent. Meanwhile, with the
wide use of detection equipment such as atmospheric electric field
meters and lightning locators in many places, it also provides
technical support and support for lightning monitoring and early
warning to a certain extent.

In order to explore the specific characteristics of thunderstorms
characteristics during severe convective weather in Jiangsu Province
and the relationship between lightning and precipitation, this paper
uses radar, atmospheric electric field instrument, lightning location
and other multi-source observation data, combined with a strong
thunderstorm weather process under the background of northeast
cold vortex on June 15th, analyzes the atmospheric electric
characteristics of thunderstorm clouds in transit, summarizes the
lightning activity change law in the process of severe convective
weather under the influence of northeast cold vortex and its
relationship with precipitation, and further refines the application
of multi-source observation data in short-term and imminent
warning. This not only provides some scientific basis and
experience reference for forecasters in the short-term forecast of
severe convective weather under the background of northeast cold
vortex weather, but also has important significance in improving the
forecast service level of extremely heavy precipitation weather and
disaster prevention and mitigation work.

2 Data and method

The materials used in this paper are as follows.

(1) The electric field data was observed by the atmospheric
electric field instrument (Pre-storm2.0) at Nanjing stations
(Nanjing Station, Jiangning Station, Kunlun Road Station,
and Olympic Sports Center Station) on 15 June 2020. The
location distribution of the instruments for the atmospheric
electric field at each station in Nanjing is shown in Figure 1.
The detection radius of the atmospheric electric field
instrument is 15–20 km. The detection range of the electric
field is-300–300 kv/m, and the detection frequency of the
electric field is once/5 m.

(2) The lightning data in this paper are collected from the
lightning location system of Jiangsu Province, which
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consists of nine detection stations, using the ADTD lightning
detection structure developed by the Institute of Space Science
and Applications of the Chinese Academy of Sciences. The
detection range of a single station of the lightning detection
system is about 150 km, and the location error is 1 km.
Lightning location data includes information such as the
time of occurrence of lightning, current amplitude,
longitude and latitude at the time of lightning strike [24],
etc. The lightning location data provides a detection range of
(113°E ~ 122°E) and (28.5°N ~ 38°N).

(3) Radar data: The radar data in this paper is from the Doppler
weather radar station in Nanjing (32.191°N, 118.697°E), and
its detection range is 230 km. The radar data used in this
paper is the data from the whole day on 15 June 2020. The
measuring area of the atmospheric electric field meter at each
station in Nanjing is within the detection range of the radar.

To ensure the accuracy and validity of the data, the processing
methods of atmospheric electric field data, lightning location
data and radar data are as follows: the atmospheric electric field
data should correspond to the time interval of the radar data
every 6 minutes in the use process. The electric field data missing
at the time corresponding to the radar data is eliminated within
the time range of the radar data every 6 minutes, which is to
ensure that it can effectively dock with radar data. That is, if more
than one-third of the electric field data in 6 min is missing, the
data in 6 min is invalid.

To facilitate the calculation and analysis, this paper
transforms the radar data stored in polar coordinates into the
data in Cartesian coordinates. In the process of radar data
gridding, it is found that the combination of the nearest
neighbor method in the radial and azimuthal directions and
the linear interpolation method in the vertical direction is a
more effective method for radar data analysis. The reflectivity
field obtained by this method is more continuous in the
horizontal and vertical directions, and it also retains the
original reflectivity structure characteristics of the volume scan
data. Therefore, this paper uses the above method to interpolate
the radar base data into three-dimensional grid field data with a
horizontal resolution of 1 km × 1 km and height resolution of
0.5 km × 0.5 km. The radar product is generated every 6 min, the
ground flash data and atmospheric electric field instrument data
within 6 min when the radar map is generated can be selected to
correspond to the radar data. Therefore, during the
thunderstorm weather process in this paper, it can be
guaranteed that all the observation data of the atmospheric
electric field instrument and the data of the lightning locator
are in one-to-one correspondence with the radar data without
duplication.

3 Weather background analysis

3.1 Analysis of circulation situation condition

From June 10 to 14, 2020, the 500 hPa circulation in the middle
and high latitudes was adjusted. The subtropical high was lifted
northward, and the 588 lines were lifted northward from the coast of

South China to the central part of Jiangsu and Anhui. At 20:00 on
June 14, the ridge line of the subtropical high at 120°E reached 25°N.
The 588 line was located in the Huaihe River Basin at 33°N. The
northeast cold vortex is located at 130°E and 45°N, and there is a cold
center of −16°Cbehind the cold vortex. The temperature trough and
the height trough are almost overlapped. A small cold air stream
behind the cold vortex is along the front of the ridge. And the rear
part of the transverse trough moves southward to the middle and
lower reaches of the Yangtze River (Figure 2). The subtropical high
controls the eastern area south of the Yangtze River. The 588 line
falls southward from 33°N to 31°N at 20:00 on the 14th. The ridge
line of the 120°E subtropical high falls southward from 25°N to 23°N.
Nanjing is located in the westerly airflow at the edge of the 588 lines
of the subtropical high. The cold and warm air flows meet along the
southern part of Jiangsu Province, which is conducive to the
formation of heavy precipitation. Affected by the Meiyu front, a
rainstorm occurred in the southern part of Jiangsu Province from
June 14 to 15, 2020, with local heavy rainstorms to extremely heavy
rainstorms. The center of the heavy rainfall was located in the line of
Pukou Qiaolin, Jiangning Hengxi and Lishui Dongping in Nanjing.
Meanwhile, the heavy rainfall was accompanied by strong lightning
activities.

At 700 hPa, from 20:00 on the 14th, there is a west-northwest
wind cold shear between the Yangtze River and the Huaihe
River. Nanjing is in the westerly jet on the south side of the shear.
At 2:00 on the 15th, the southwest warm and humid airflow near
Nanjing is strengthened, and the relative humidity is increased.

FIGURE 1
Station Distribution of the Atmospheric Electric Field instrument.
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With the eastward movement of the cold vortex, at 08:00 on the
15th, the northwest wind behind the bottom of the cold vortex
strengthened and penetrated southward. The shear line pressed
southward to the line along the Yangtze River. The southwest jet
strengthened to 18 m/s. The relative humidity reached more
than 90%, and the water vapor was abundant, corresponding to
the beginning of heavy rainfall at this time; at 14:00, with the
further southward pressure of the shear line, the
precipitation weakened.

As shown in Figure 2, similar features also exist in the 850 hPa
situation field. The shear line still exists between the Yangtze River
and the Huaihe River. The southwest airflow is strong, and the low-
level jet provides abundant water vapor for Nanjing and strengthens
the dynamic lifting. At 08:00 on the 15th, the cold air at the rear of
the bottom of the cold vortex penetrated. The shear line pressed
southward to the south of the Yangtze River. The wind field turned
to the northwest near Nanjing, and the southwest airflow on the
south side increased significantly. Meanwhile, with the cooperation
of high-humidity areas, the cold and warm air converged violently
near Nanjing. Nanjing was located on the left side of the low-level jet
and the right side of the entrance area of the high-level jet. The low-
level convergence and high-level divergence strengthened the
ascending movement. It is conducive to the development of
convection, resulting in heavy precipitation (Simmonds et al.,
1999; Zhang, 2001).

3.2 Analysis of environmental conditions

Environmental conditions play a key role in the charged activity
and intensity of thunderstorm clouds. Effective liquid water content,
convective available potential energy, 0°C, −10°C and −20°C layer
heights and vertical wind shear intensity directly have an important
impact on the thunderstorm cloud electrification mechanism
(Zhang et al., 1995). Figure 3 shows the T-log p map of Nanjing
Station at 08:00 on 15 June 2020. It can be seen from Figure 3 that the
dew point temperature at 850 hPa is 18°C. The specific humidity is
15.64 g/kg and the wet layer extends to about 300 hPa. The effective
liquid water content is high. The water vapor condition of the whole
layer is good, which provides necessary conditions for the
occurrence and development of heavy rainfall and thunderstorm
cloud electrification process. The CAPE value was 171.1J/kg,
showing a “slender” distribution, which belonged to a typical
heavy precipitation-sounding state, and also reflected that there
might be strong lightning activities during the precipitation process.
The heights of 0 °C, −10°C and −20°C layers are 5. 2 km, 7.3 km, and
9 km, respectively.

The warm cloud layer is deep and the mixed-phase region is
high. The ice crystal particles associated with charging are
distributed at higher altitudes. The main negative charge area
in the cloud is deep, which will lead to the occurrence of a large
number of negative lightning. From the T-log p diagram of
Nanjing Station at 08:00, it can be seen that the height
difference of 2 km is conducive to the occurrence of
convection and electrification activities. To sum up, the
environmental conditions of the station are conducive to the
occurrence of heavy rainfall and lightning activities.

4 Actual precipitation and lightning

4.1 Overview of the study area and
synoptic situation

Nanjing is located in the southwest of Jiangsu Province, in the
lower reaches of the Yangtze River, at 31°14′-32°37′north latitude
and 118°22′-119°14′east longitude. It belongs to the central
region of the lower reaches of the Yangtze River, with the
Yangtze River in the north, Taihu Lake in the south and the
East China Sea in the south. In terms of climatic regionalization,
Nanjing has a humid climate in the north subtropical zone, under
the control of westerly circulation, with significant monsoon and
distinct seasons. In summer, it is affected by the subtropical high,
with hot weather and abundant rainfall. In early summer,
affected by the frontal rain belt, Nanjing entered the plum
rain season, during which severe convective weather caused by
the southward movement of cold air from the rear of the
northeast cold vortex occurred from time to time. Figure 4
shows the location map of the study area in China.

4.2 Precipitation status

On 15 June 2020, affected by the Meiyu front, a large-scale
rainstorm occurred in southern Jiangsu Province, and some areas

FIGURE 2
Conceptual analysis of the weather situation at 08:00,
15 June 2020.
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reached heavy rain to pelting rain. The northern part of the Yangtze
River was mainly light to moderate rain, with local heavy to heavy
rain. The heavy rainstorm area is mainly located in the line of Pukou,
Qiaolin-Jiangning Hengxi-Lishui Dongping in Nanjing and the
junction of Taizhou, Changzhou and Wuxi. From 20:00 on June
14 to 20:00 on June 15, 63 automatic stations in Nanjing had rainfall
of more than 50 mm. 29 automatic stations had rainfall of more than
100mm, and the maximum rainfall was 271 mm (Jiangning Lulang
Primary School Station), reaching the level of an extraordinary
rainstorm, which was also the precipitation center of the whole
province and even the whole country on that day (as shown
in Figure 5).

The short-time heavy rainfall began at 5:00 on the 15th and
occurred in the north of Pukou and Jiangbei New Area, with a local
hourly rainfall intensity of more than 40 mm/h from 5:00 to 6:00.
There were two short-time heavy rainfall centers from 6 a.m. to
7 a.m., located near Qiaolin in Pukou and Longgang Science and
Technology Park in Qixia District. From 7:00 to 8:00, the range of
short-term heavy rainfall area was expanded and the intensity was
strengthened. The maximum rainfall intensity was 74 mm/h in
Lulang, Jiangning. From 8:00 to 9:00, the western section of the
heavy rainfall area was maintained, and the eastern section was
southward to Lishui. Two automatic stations on Jiangning Street in
the west of Jiangning observed about 72 mm/h hourly precipitation.
The center of the second heavy rainfall was in the north of Lishui,
with a rainfall intensity of 70 mm/h. From 9:00 to 10:00, the western
section of the heavy rainfall area continued to maintain. Four
automatic stations in Jiangning Street and Hengxi Street in the
western part of Jiangning observed 72–78 mm/h rainfall intensity,
while the eastern section of the heavy rainfall area slightly moved
northward, with the maximum rainfall intensity of 64 mm/h
(Airport Expressway Station). From 10:00 to 11:00, the short-

term heavy precipitation area began to move southward to the
north of Lishui. The precipitation intensity also weakened, with a
maximum rainfall intensity of 49 mm/h (Lishui Development
Zone). From 11:00 to 12:00, the short-term heavy precipitation
area moved southward to Gaochun. The intensity continued to
weaken, with the maximum rainfall intensity of 37 mm/h
(Zhuanqiang Town).

4.3 Lightning activity in Nanjing on June 15

The heavy rainfall that occurred in Nanjing on 15 June 2020, was
a rainstorm process at the edge of the subtropical high under the
background of the northeast cold vortex. The low-level jet stream
and low-level shear line provided water vapor and kinetic energy for
the rainstorm. The surface convergence line plays an important role
in triggering and maintaining the mesoscale convective system, and
makes the precipitation form a “train effect”. As a result, continuous
short-term heavy rainfall accompanied by strong thunder and
lightning activities occurred along the line of Pukou Qiaolin,
Jiangning Hengxi and Lishui Dongping in Nanjing. According to
the statistical analysis of lightning location data in Jiangsu Province,
there were 494 lightning strikes in the urban area when the
thunderstorm passed through on 15 June 2020, of which
123 were positive and 371 were negative. Negative lightning
predominates, indicating the passage of thunderstorm clouds,
which exhibit predominantly positive and negative dipolar
polarity structures (Zhang et al., 1998; Guo et al., 2007). Figure 6
show the distribution of positive and negative lightning during the
passage of thunderstorm clouds on 15 June 2020, and the
distribution characteristics of lightning at different times
on that day.

FIGURE 3
T-logp diagram of Nanjing Station at 08:00, 15 June 2020.
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4.4 Analysis of stage characteristics of
electric field variation in the
thunderstorm process

Figures 7A–D show the change characteristics of the ground
electric field of Jiangning Station, Olympic Sports Center Station,
Nanjing Station and Kunlun Road Station during the thunderstorm.
In general, the electric field change characteristics of each station are
negative increasing type, positive and negative alternating type, and
multi-cell thunderstorm.

1) Negative increasing type: as shown in Figures 7A, the negative
increasing type of the atmospheric electric field on the ground
during a thunderstorm at Jiangning Station is shown. With the
gradual accumulation of negative charges gathered at the
bottom of the thunderstorm cloud, the atmospheric electric
field intensity increases negatively.

2) Positive and negative alternating type: When the
thunderstorm cloud has entered the warning range of the
electric field instrument and discharges to the ground, the
ground atmospheric electric field mainly fluctuates up and
down irregularly as it approaches the station. As shown in

Figures 7B, the positive and negative alternated electric field
characteristics during a thunderstorm at Kunlun Road Station.
When the ground electric field is positive, it indicates that there
is a large amount of positive charge accumulating under the
cloud and controlling the ground electric field, at this time, the
electric field mainly shows positive changes; when the ground
electric field is negative, it indicates that there is a large amount
of negative charge accumulating under the cloud and
controlling the ground electric field, at this time, the electric
field mainly shows negative changes.

3) When a multi-cell thunderstorm is formed by the
superposition of multiple single thunderstorms, the ground
electric field will show the comprehensive effect of the frequent
and rapid reversal of the electric field polarity when the multi-
cell thunderstorm discharges to the ground at different stages
of generation and extinction. As shown in Figure 7C, the
electric field changes the characteristic curve of a multi-cell
thunderstorm detected by Nanjing Station.

4) Although the electric field change of Kunlun Road does not
present the form of a general atmospheric electric field change
(shown in Figure 7D), it is found that the electric field still
presents a violent discharge phenomenon from 8:00 to 12:00,

FIGURE 4
Map of China where the study area is located Nanjing (31.5°-32.5°N, 118.5°-119.5°E).
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which can be attributed to the fact that the local thunderstorm
cloud cluster has been over the area where the station is located
at that time. When the field strength reaches the breakdown
field strength value, the obvious breakdown discharge
phenomenon occurs. As shown in the figure, the needle-like
convex structure appears around 09:35.

Taking the electric field data of a thunderstorm process at Nanjing
Station on 15 June 2020, as an example, which is shown in Figure 8. The
variation characteristics of the electric field and its relationship with the
occurrence of lightning during the thunderstorm passing process are
analyzed in detail. Assuming that the time when the lightning locator
detects the first strike within 15 kmof an electric fieldmeter station is t1,
the time when it detects the first strike within 10 km of the station is t2,
and the time when it detects the first stroke within 5 km of the station is
t3. The change characteristics of the electric field curve at each stage are
shown in Figure 3, t4 is the moment when this thunderstorm process
enters the extinction phase, and the change of the electric field
amplitude is also closely related to the approach of the
thunderstorm cloud.

Stage 1: When no thunderstorm cloud or lightning occurs far
away from the electric field instrument, the fast-changing jitter of the
electric field is mainly around the zero point, and the corresponding
change in the amplitude of the electric field is not obvious. The time

FIGURE 5
Distribution map of accumulated precipitation in Nanjing from 0:
00 to 23:00 on 15 June2020.

FIGURE 6
Lightning distribution characteristics of thunderstorm process on 15 June 2020.
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phase before 08:20 min corresponding to the t1 moment as shown in
Figure 8. Stage 2: The t1-t2 time period in Figure 8. The
thunderstorm cloud gradually approaches the observation station.
Lightning occurs within 15 km, and the electric field amplitude
gradually increases with the accumulation of charges gathered at the
cloud base. When the leader lightning occurs, the polarity of the
electric field reverses rapidly, and then with the further approach of
the thunderstorm cloud, the electric field curve shows frequent
jumps up and down. It can be seen from Figure 8 that before 08:
00, the thunderstorm cloud gradually moves closer to the Nanjing
station, and then the electric field increases in the opposite direction.
When the thunderstorm cloud reaches the area near the station, the
atmosphere has an obvious breakdown discharge phenomenon. The
first lightning strike occurs at 08:57, 13.2 km away from the Nanjing
station. Five lightning strikes are detected in this stage. The main
manifestation is the more obvious needle-like pulse bulge in
Figure 8. With the completion of the first charge and discharge,
it can be seen from Figure 8 that many positive and negative ground
flashes occurred subsequently, and the electric field also showed the
characteristics of frequent fluctuation.

FIGURE 7
Variation of the atmospheric electric field at each station in Nanjing during the passage of a thunderstorm on 15 June 2020. (A) The negative
increasing electric field of a thunderstorm passing through Jiangning Station. (B) Positive and negative alternating electric field during a thunderstorm in
the Olympic Center. (C) Electric field of multi-cell thunderstorm process in Nanjing station. (D) The electric field of a thunderstorm passing through
Kunlun Road Station.

FIGURE 8
Waveform of electric field curve change during a thunderstorm
at Nanjing Station on 15 June 2020.
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Stage 3: The t2-t3 time period and the t3-t4 time period in
Figure 8. The thunderstorm cloud continued to develop and moved
to the range of 5 km of the electric field instrument, and the electric
field curve changed violently. With the approach of the lightning, at
10:34, the lightning locator detected that a lightning strike occurred
4.8 km away from the station. At this time, it entered the stage of
thundercloud arrival.

Stage 4: The time period after the moment t4. It is the departure
stage of thunderstorm clouds. After a period of oscillation, the
amplitude of the ground electric field in this stage gradually returns
to the value of the electric field on sunny days, and the thunderstorm
process enters the extinction stage. As shown in Figure 8, after 11:04,
is the dissipation stage of the thunderstorm cloud. After that, with
the passage and departure of the thunderstorm cloud, the fluctuation
of the electric field curve will gradually return to the vicinity of the
zero axis (Song and Ma, 2008).

5 Analysis of the relationship between
lightning and precipitation

5.1 Analysis of the temporal distribution of
lightning and precipitation

On 15 June 2020, under the influence of the northeast cold
vortex, heavy precipitation occurred in Nanjing, accompanied by
strong thunder and lightning activities. It can be seen from the
700 hPa situation field that there is a cold shear of northwest wind
and westerly wind between the Yangtze River and the Huaihe River
from 20:00 on the 14th. Nanjing is in the westerly jet on the south
side of the shear. With the eastward movement of the cold vortex,
the northwest wind behind the bottom of the cold vortex
strengthened and penetrated southward in the early morning of
the 15th, the shear line pressed southward to the line along the
Yangtze River, and the southwest jet strengthened to 18 m/s, the
relative humidity reached more than 90%, and the water vapor was
abundant, corresponding to the beginning of heavy rainfall at this
time. The main concentrated period of this severe weather process is
from 7:00 to 11:00. Figure 9A shows the hourly distribution of

precipitation and lightning at Nanjing Station from 7:00 to 11:
00 during this severe convective process. The actual data showed
that during this period, the rainfall at Nanjing Station reached the
maximum of 40 mm at 7:00; At the same time, 277 times of lightning
occurred in this hour, including 204 times of negative CG lightning,
accounting for 73.6% of the total number of lightning in this period,
which shows that the intensity of negative CG lightning is positively
correlated with the precipitation in this strong convection process,
which is also consistent with the research results of Chen, (1995) in
the hail and gale process in Beijing-Tianjin-Hebei region. The main
reason for this phenomenon is that the occurrence and development
of lightning and precipitation are closely related to the dynamic and
physical processes in the cloud. The charging center in the cloud has
a consistent corresponding relationship with the precipitation in
some temperature regions in space (Krehbiel et al., 1979).

With the continuous strengthening of the updraft, when the
thunderstorm cloud develops to a certain intensity, its strong
center can no longer be lifted upward by the upward movement.
With the increasing scale of hydrometeors (water droplets, hail,
etc.), the strong center begins to show a downward trend. At this
time, the upward movement is further weakened and the
downward movement appears. At this time, cloud-to-ground
lightning is accelerated and active with the decline of
hydrometeors carrying a large number of charges. Because the
bottom of thunderstorm clouds carries a large number of
negative charges, the polarity of cloud-to-ground lightning is
mainly negative. From the analysis of the characteristics of the
relationship between lightning and precipitation in the process of
severe convective weather at Nanjing Station, it can be seen that
the characteristic relationship between lightning and
precipitation can provide some indicative significance in the
forecasting of severe convective weather. It can be seen from
the linear fitting diagram (Figure 9B) of the relationship between
precipitation and lightning at Nanjing Station from 7:00 to 11:
00 on June 15 that the correlation coefficient R2 between
precipitation and lightning was 0.946 during the severe
convection process, reflecting a close positive correlation
between the two. This is related to the relevant scholars
(Petersen et al., 1996; Zhou et al., 1999), that is, the intensity

FIGURE 9
Lightning and Precipitation Distribution from 7:00 to 11:00 on 15 June 2020 (A) The Hourly distribution of precipitation and lightning at Nanjing
Station from 7:00 to 11:00 on 15 June 2020. (B) A Correlation fitting analysis of precipitation and lightning at Nanjing Station from 7:00 to 11:00 on
15 June 2020.
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of lightning and convective precipitation is consistent in space,
and the more frequent the lightning activity is, the greater the
convective precipitation is.

To deeply explore the relationship between precipitation and
lightning, every hour in the main concentrated period of the severe
convective weather process (7: 00–11: 00) is divided by 6 min
according to the radar scanning time. The corresponding
relationship diagram between precipitation and lightning is
obtained by 6 min per hour from 7: 00–11: 00, as shown in
Figure 8 a-e. It can be seen that lightning always occurs ahead of
heavy rainfall in periods 7, 10, and 11. The main reason for this
phenomenon is that in the rapid development stage of thunderstorm
clouds, with the continuous strengthening of the updraft, more and
more supercooled water will be formed, which will lead to the rapid
growth of soft hail, making more collisions between ice crystals and
soft hail, thus forming more lightning in this period. When the
updraft weakens and the sinking motion strengthens and develops,
the surface heavy precipitation and sinking motion become the
dominant force of the main body of thunderstorms in this stage.

If the rainfall-lightning ratio (RLR) is used to express the
precipitation per unit of lightning. The precipitation of the unit
thunderstorm varies with the type of the thunderstorm, local
climatic conditions, convective mechanism, and even the
frequency of thunderstorms. Even for the same thunderstorm,
the temporal evolution of lightning and precipitation is not
completely synchronized (Piepgrass et al., 1982; Serge and Serge,
2001), which is also one of the reasons for the large change in
precipitation per unit lightning during a thunderstorm. As can be
seen from the 6-min distribution of precipitation-lightning at 8:
00 and 9:00 in Figure 10, the occurrence time of precipitation and
lightning does not show a certain regularity in these two periods, and
lightning does not always occur in advance of precipitation.

5.2 Relationship between lightning warning
time and precipitation echo

Figure 11 shows the comparison between the radar echo
characteristics of Nanjing Station when the atmospheric electric
field instrument alarms at all levels were activated during the severe
convective weather on 15 June 2020, and the radar echo
characteristics of the first lightning strike when the lightning
arrived at each warning area of Nanjing Station. The left column
in the figure shows the changed characteristics of the radar echo at
the time when the atmospheric electric field instrument sends out
the warning at each warning stage of Nanjing Station. The right
column in the figure shows the change of the radar echo at the time
when the thunderstorm cloud reaches the above warning stage and
corresponds to the actual lightning. The lower right corner of the
figure indicates the time of each stage.

Table 1 shows the distribution of warning time for the first time
of ground flash and electric field meter at all levels in the warning
range of 15~5 km at Nanjing station. It can be seen from the
Figure 11 that with the approaching of thunderstorm clouds, a
strong echo has been generated and developed near the 15 km range
of Nanjing Station before 8:00 in Figure 11A. After 7:30, the
atmospheric electric field instrument of the station starts the
first-level warning. At this time, the radar echo reflectivity factor
of the area where the station is located reaches 16 dBz, and the
precipitation echo is further approaching. At 8:57, the first blitzkrieg
occurred within 15 km of the station, and the radar echo at the time
of the blitzkrieg was relatively strong, reaching 32 dBz.

Then the precipitation cloud cluster continued to move
toward the station. With its further approach, the atmospheric
electric field instrument at Nanjing station started the second
level alarm at 9:11. From the echo display in Figure 11B, it can

FIGURE 10
Hourly distribution of lightning and precipitation observed every 6 min at different times: (A) 7:00, (B) 8:00, (C) 9:00, (D) 10:00, and (E) 11:00 on
15 June 2020.
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FIGURE 11
Comparison of radar echoes between the warning moment of the atmospheric electric field meter and the actual moment of lightning on 15 June
2020 at Nanjing station. (A): 07:33, radar echoes display in the first warningmoment of the atmospheric electric fieldmeter. (C): 09:11, radar echos display
in the secondary early warning moment of the atmospheric electric field meter. (E): 09:53, radar echos display in the three level early warning moment of
the atmospheric electric field meter. (B): 08:57, the actual moment of the first lightning strike within 15 km of the station. (D): 09:28, the actual
moment of the first lightning strike within 10 km of the station. (F): 10:34, the actual moment of the first lightning strike within 5 km of the station.
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also be found that the radar echo reflectivity factor in the station
area reached 30 dBz at this time. Due to its accelerated movement
speed, the first blitzkrieg soon occurred at 9:28 within 10 km of
the station. When the precipitation cloud cluster moves to a
distance of only 5 km from the Nanjing station, the
atmospheric electric field instrument of the station starts the
third-level alarm at 9:53, and the radar echo reflectivity factor
at this time is 25.5 dBz. With the thunderstorm cloud gradually
moving away from the observation station, the lightning locator
located that the last lightning occurred at 11:04. From the relevant
radar echo map, it can be seen that after 11:00, the radar echo in
the area where the station is located is also weakened.
Corresponding to the fourth stage of the change of the electric
field instrument in Figure 5, it can also be seen that this is the
extinction stage of a thundercloud. The electric field variation
curve also tends to be weakened and close to the zero axis. It can be
seen that the characteristics of radar echo parameters at the
warning time of each stage of the electric field instrument can
play a warning role in the further development of lightning, and
lightning and precipitation clouds show a consistent distribution
in space.

6 Conclusion and discussion

Combined with hourly precipitation data, radar data, lightning
locator, atmospheric electric field meter and other multi-source
observation data of automatic weather station on the ground, the
lightning characteristics of a severe convective weather process in
Nanjing, Jiangsu Province under the influence of northeast cold
vortex on 15 June 2020 are analyzed in detail, and the relationship
between lightning activity and precipitation is analyzed, and the
conclusions are as follows:

(1) A typical heavy rainfall process occurred in Nanjing, Jiangsu
Province on 15 June 2020, which was caused by the cold air
from the rear of the northeast cold vortex moving southward
to themiddle and lower reaches of the Yangtze River along the
front of the ridge and the rear of the transverse trough,
resulting in the convergence of cold and warm air currents
along the southern part of Jiangsu Province, accompanied by
strong lightning activities. In this severe convective weather
process, the period of heavy precipitation corresponds to the
period of strong lightning frequency, in which the negative
ground lightning is dominant, indicating that the
thunderstorm cloud is mainly positive at the top and
negative at the bottom.

(2) In the aspect of short-term and imminent warning of the
thunderstorm weather process by using the atmospheric
electric field instrument, it was found that when the
thunderstorm passed through the local thunderstorm
electric field in Nanjing mainly showed the characteristics
of negative growth, positive and negative alternation, and
multi-cell thunderstorm electric field.

(3) When exploring the relationship between precipitation and
lightning at Nanjing Station, it is found that the lightning
activity and precipitation cloud cluster are consistent in space
during the severe thunderstorm process. The more frequent
the lightning activity is, the greater the convective
precipitation will be. The stronger precipitation period
corresponds to the stronger CG lightning frequency period.
The correlation coefficient R2 of the relationship between
precipitation and lightning at Nanjing Station is 0. 946, which
reflects that there is a close positive correlation between them.
On this basis, it is also found that the intensity of negative
lightning is also positively correlated with the amount of
precipitation, which further improves the research results of
Petersen et al. (1996) and Zhou et al. (1999) and others.

(4) In this paper, the large-scale circulation background, vertical
circulation structure, water vapor transport, unstable energy
distribution and the relationship between the characteristics
of lightning and precipitation intensity and their occurrence
and development in the development stage of a typical
thunderstorm process caused by the Northeast Cold
Vortex are discussed. We hoped to further understand the
characteristics of lightning and its specific relationship with
precipitation in the process of strong convective weather in
Jiangsu Province under the influence of northeast cold vortex,
and then provide some experience reference for the short-
term warning service of strong convective weather in Jiangsu
Province. However, due to the influence of geographical
location, physical parameters in clouds, charge structure,
channel characteristics and other factors, the relationship
between lightning and precipitation in different weather
processes must be different. Due to the limited data, this
study only focuses on the analysis of a typical case, and there is
still a certain gap in guiding the same type of forecasting
services. Therefore, more cases will be accumulated in the
future to make a more specific analysis of the relationship
between heavy rainfall and lightning activity under this
weather background, and then systematically form the
precipitation-lightning short-term and imminent warning
index under the background of Northeast Cold Vortex in
Jiangsu Province.

TABLE 1Distribution ofwarning time for the first time of ground flash and electric fieldmeter at all levels in thewarning range of 15~5 kmat Nanjing Station.

Station
name

Early warning
range for

electric field
meters (km)

Time of
first

groung
flash

Lightning occurs at a
distance from the

atmospheric electric field
meter (km)

Moment of
warning for
electric field

meters

threshold
(kv/m)

Average
threshold
(kv/m)

Nanjing
Station

15 8:57 13.2 7:33 1.6 1.54

10 9:28 9.7 9:11 1.99 1.96

5 10:34 4.8 9:53 −3.52 −2.68
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