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Abstract: It is rare to conduct a comparative analysis of precipitation characteristics across regions
based on long-term homogeneous active satellite observations. By collocating the Global Precipitation
Measurement Dual-frequency Precipitation Radar (GPM DPR) observations with European Centre
for Medium-Range Weather Forecasts 5th Reanalysis (ERA5) data, this study comparatively examines
the microphysics of monsoon precipitation in the rainy season over the Yangtze-and-Huai River Basin
(YHRB) and South China (SC) from 2014 to 2023. The comparative analysis is made in terms of
precipitation types and intensities, precipitation efficiency index (PEI), and ice phase layer (IPL) width.
The results show that the mean near-surface precipitation rate and PEI are generally higher over SC
(2.87 mm/h, 3.43 h−1) than over YHRB (2.27 mm/h, 3.22 h−1) due to the more frequent occurrence of
convective precipitation. The DSD characteristics of heavy precipitation in the wet season for both regions
are similar to those of deep ocean convection, which is associated with a greater amount of water vapor.
However, over SC, there are larger but fewer raindrops in the near-surface precipitation. Moreover,
moderate PEI precipitation is the main contributor to heavy precipitation (>8 mm/h). Stratiform
precipitation over YHRB is frequent enough to contribute more than convective precipitation to heavy
precipitation (8–20 mm/h). The combined effect of stronger convective available potential energy and
low-level vertical wind favors intense convection over SC, resulting in a larger storm top height (STH)
than that over YHRB. Consequently, it is conducive to enhancing the microphysical processes of the ice
and melt phases within the precipitation. The vertical wind can also influence the liquid phase processes
below the melting layer. Collectively, these dynamic microphysical processes are important in shaping
the efficiency and intensity of precipitation.

Keywords: monsoon precipitation; GPM DPR; microphysical characteristics; Yangtze-and-Huai River
Basin; South China; comparative study

1. Introduction

The Yangtze–Huai River Basin (YHRB) and South China (SC) are two climate regions
profoundly affected by monsoon precipitation [1,2]. The frequent and heavy rainfall in the
monsoonal season often leads to floods and other rain-related disasters [3]. Additionally,
SC experiences its monsoonal season earlier than YHRB. Moreover, these regions, being
densely populated with significant economic contributions, are particularly susceptible to
precipitation-induced events [4,5]. Precise model parameterization and prediction require
the accurate characterization of precipitation microphysics [6]. To improve the numerical
weather prediction, this study investigates and compares the localized microphysical
properties of precipitation over the two regions.

In previous studies, ground-based observations such as rain gauges, disdrometers, and
weather radars were utilized to investigate the rainfall rate and raindrop size distribution
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(DSD) [7]. Although relatively accurate DSD parameters could be obtained, the previous
results were restricted by incomplete coverage, sparse and uneven distribution, and difficult
calibration of instruments [1,8].

Spaceborne precipitation radar, on the other hand, provides the quasi-global and
accurate detection capabilities of rainfall that can make up for the above limitations [2,9].
Tropical Rainfall Measuring Mission (TRMM) was the first spaceborne precipitation radar
dedicated to rainfall measurement [10]. Luo et al. [11] first reported rainfall characteristics
and convective properties of monsoon precipitation systems over SC and YHRB using
TRMM products and other datasets. Although TRMM precipitation radar provides a
large-scale view of precipitation structure, there are still shortcomings in observing the
microphysical properties of precipitation, such as insufficient single-frequency precipitation
retrieval. Equipped with the spaceborne dual-frequency precipitation radar (DPR), the
Global Precipitation Measurement (GPM) Core Observatory was launched in February
2014, assuming the observation responsibilities of TRMM. GPM DPR can provide the
three-dimensional structure information of precipitation. By analyzing the differences in
reflectivity obtained from two bands, GPM DPR can retrieve more accurate DSD parame-
ters [12].

The good agreement of observation between GPM DPR and ground-based measure-
ments has been verified in previous studies [2,13–16]. Using a volume-matching method,
Huang et al. [13] validated that the reflectivity factor (Ze dBZ) and the mass-weighted
mean diameter (Dm mm) from GPM DPR products are in good consistency with those of
an S-band radar in SC, while the normalized scaling parameter for raindrop concentration
(Nw mm−1m−3) might be underestimated. In addition, the detection results by GPM DPR
exhibited the highest accuracy and dependency compared with TRMM and CMORPH over
the Tianshan Mountain area [14].

The GPM DPR data have been utilized to characterize microphysical characteristics
and processes in specific regions regarding the different precipitation types, the magnitude
of precipitation efficiency index (PEI h−1), and the sensitivity of environmental factors.
Using GPM DPR radar data, Li et al. [15] uncovered the vertical structure and microphys-
ical characteristics of summer stratiform and convective precipitation in North China,
revealing significant topographical impacts on precipitation frequency and intensity, with
more intense precipitation over plains and higher frequency over mountains. Hu et al. [2]
redefined PEI to analyze the precipitation microphysics for summer rainfall over YHRB,
indicating that it exhibits a resemblance to those of tropical cyclone precipitation in the rainy
season. Du et al. [16] utilized GPM DPR products to conduct a statistical analysis of the
precipitation vertical characteristics over SC, pointing out that intensity is greatly related
to the vertical microphysical processes. Based on a detailed classification of precipitation
intensity, Sun et al. [17] further classified the precipitation into warm-/cold-topped to inves-
tigate the microphysical characteristics of precipitation over eastern China systematically.
Their findings uncovered significant differences in the vertical structure of [2,13,16–18]
particle size and precipitation rate between cold-topped and warm-topped precipitation.
Moreover, it highlighted the close relationship between precipitation characteristics and
meteorological conditions such as specific humidity and vertical velocity.

The precipitation microphysical properties of SC and YHRB have been investigated
in previous studies, but the comparative analysis between the two regions is rarely con-
ducted with the same criteria. Moreover, there are even fewer studies that consider the
precipitation types, PEI, intensity, layering of the precipitation structure, and environmental
factors simultaneously.

Utilizing the long-term homogeneous observations from the GPM DPR, this paper
is the first to investigate the detailed comparative analysis of the monsoon precipitation
vertical structure and microphysical properties over YHRB and SC. The GPM 2ADPR
products for the rainy season of 2014–2023 are utilized in this study. The geographical
coverage of SC is within 105–120◦E, 18–26.5◦N, while YHRB is within 110–122◦E, 26.5–35◦N.
Both regions are shown in Figure 1.



Remote Sens. 2024, 16, 3433 3 of 22

Remote Sens. 2024, 16, x FOR PEER REVIEW 3 of 24 
 

 

Utilizing the long-term homogeneous observations from the GPM DPR, this paper is 
the first to investigate the detailed comparative analysis of the monsoon precipitation ver-
tical structure and microphysical properties over YHRB and SC. The GPM 2ADPR prod-
ucts for the rainy season of 2014–2023 are utilized in this study. The geographical coverage 
of SC is within 105–120°E, 18–26.5°N, while YHRB is within 110–122°E, 26.5–35°N. Both 
regions are shown in Figure 1.  

The paper is organized as follows: Section 2 explains the datasets and the methodol-
ogy used in this study. The results showing regional differences in monsoon precipitation 
microphysics between SC and YHRB are presented in Section 3. The conclusions are pre-
sented in Section 4. Section 5 discusses the limitations of the GPM DPR retrieval method 
and the plans for future investigations across several Chinese climatic zones.  

 

 
(a) (b) 

Figure 1. (a) China: Located in the Northern Hemisphere, within the latitudes of 0°N to 53°N and 
longitudes of 70°E to 140°E. Red rectangle: the central and eastern regions of China. (b) The elevation 
distribution and topography of Yangtze–Huai River Basin (110°E–122°E, 26.5°N–35°N) and South 
China (105°E–120°E, 18°N–26.5°N, unit: m). 

2. Data and Methodology 
2.1. Data 
2.1.1. GPM DPR 

Equipped with the world’s first DPR, operating at the Ku-band (13.6 GHz) and the 
Ka-band (35.5 GHz), GPM Core Observatory can cover tropical and subtropical areas, 
with its coverage extending up to 68°S–68°N. It orbits the Earth at an altitude of approxi-
mately 407 km, completing an orbit in about 93 min and conducting around 16 orbits per 
day [12].  

The GPM 2ADPR (version 07A) data have a horizontal resolution of about 5 km at 
the nadir and a vertical resolution of 125 m. Utilizing the dual-frequency algorithm, the 
DPR classified precipitation into three categories: stratiform precipitation, convective pre-
cipitation (deep convective and shallow convective), and other precipitation [Error! Ref-
erence source not found.]. The variables of radar reflectivity factor (Ze), rain rate (mm/h), 
Dm, Nw, storm top height (STH), and melting layer top height (MLTH) parameters from 
the GPM DPR with the dual-frequency algorithm were utilized in this study. The period 
of data is the rainy seasons from 2014 to 2023 for YHRB and SC. 

2.1.2. ERA5  
To examine the influence of meteorological factors on the precipitation over YHRB 

and SC, the convective available potential energy (CAPE) and vertical wind speed (w) data 
from the European Centre for Medium-Range Weather Forecasts 5th Reanalysis (ERA5) 
at a 0.25° × 0.25° grid were utilized in this study.  

The amount of water vapor is a crucial factor in precipitation particle growth, indi-
cating thermodynamic effects. Additionally, precipitation characteristics are significantly 

Figure 1. (a) China: Located in the Northern Hemisphere, within the latitudes of 0◦N to 53◦N and
longitudes of 70◦E to 140◦E. Red rectangle: the central and eastern regions of China. (b) The elevation
distribution and topography of Yangtze–Huai River Basin (110◦E–122◦E, 26.5◦N–35◦N) and South
China (105◦E–120◦E, 18◦N–26.5◦N, unit: m).

The paper is organized as follows: Section 2 explains the datasets and the methodology
used in this study. The results showing regional differences in monsoon precipitation
microphysics between SC and YHRB are presented in Section 3. The conclusions are
presented in Section 4. Section 5 discusses the limitations of the GPM DPR retrieval method
and the plans for future investigations across several Chinese climatic zones.

2. Data and Methodology
2.1. Data
2.1.1. GPM DPR

Equipped with the world’s first DPR, operating at the Ku-band (13.6 GHz) and the
Ka-band (35.5 GHz), GPM Core Observatory can cover tropical and subtropical areas, with
its coverage extending up to 68◦S–68◦N. It orbits the Earth at an altitude of approximately
407 km, completing an orbit in about 93 min and conducting around 16 orbits per day [12].

The GPM 2ADPR (version 07A) data have a horizontal resolution of about 5 km
at the nadir and a vertical resolution of 125 m. Utilizing the dual-frequency algorithm,
the DPR classified precipitation into three categories: stratiform precipitation, convective
precipitation (deep convective and shallow convective), and other precipitation [8]. The
variables of radar reflectivity factor (Ze), rain rate (mm/h), Dm, Nw, storm top height
(STH), and melting layer top height (MLTH) parameters from the GPM DPR with the dual-
frequency algorithm were utilized in this study. The period of data is the rainy seasons
from 2014 to 2023 for YHRB and SC.

2.1.2. ERA5

To examine the influence of meteorological factors on the precipitation over YHRB
and SC, the convective available potential energy (CAPE) and vertical wind speed (w) data
from the European Centre for Medium-Range Weather Forecasts 5th Reanalysis (ERA5) at
a 0.25◦ × 0.25◦ grid were utilized in this study.

The amount of water vapor is a crucial factor in precipitation particle growth, indi-
cating thermodynamic effects. Additionally, precipitation characteristics are significantly
impacted by the intensity of convection, represented by w (m/s). A positive correlation
between the Dm and specific humidity (q) has been found in the previous research [17].
However, the relationship between the Dm and meteorological conditions varies across
atmospheric layers and is influenced by precipitation types and regions [6]. Weaker convec-
tion, as indicated by lower w, is typically associated with smaller raindrop size and reduced
raindrop mass. The diminished size sorting effect and the decreased fragmentation of large
raindrops are the underlying physical mechanisms contributing to the reduction [19].
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The matching criterion from the previous study [17] is adopted in this study. The
collocation between GPM and ERA5 data is considered if GPM data fall within the specified
ERA5 grid’s latitude and longitude and within a one-hour time window.

2.2. Rainy Season Dates of YHRB and SC

The Mei-yu period, characterized by an extended period of continuous rainfall, typi-
cally lasts from June to July over YHRB. On the other hand, SC experiences its first rainy
season earlier between April and June. However, the onset/ending dates and intensity of
the rainy season differ significantly from year to year, as shown in Table 1. Researchers
primarily divide the rainy season based on fluctuations in precipitation [20]. With the de-
velopments in operation, the rainy period is determined by assessing whether the average
precipitation intensity at specific stations and the percentage of rainy days satisfy particular
requirements [21,22].

Table 1. Onset and ending dates of the monsoon period over SC and YHRB in 2014–2023.

Year SC YHRB

2014 30 March–7 July 16 June–20 July
2015 5 May–25 June 26 May–27 July
2016 21 March–19 June 25 May–21 July
2017 20 April–30 June 4 June–11 July
2018 7 May–27 June 19 June–13 July
2019 9 March–26 July 16 June–17 July
2020 25 March–27 June 29 May–2 August
2021 26 April–2 July 9 June–11 July
2022 24 March–22 June 29 May–8 July
2023 26 March–28 June 16 June–2 July

The subsequent table presents the onset and ending dates of the Mei-yu period over
YHRB and the monsoonal period over SC from 2014 to 2023, as documented in China’s
climate bulletins [23].

2.3. The Precipitation Systems, Rainfall Intensity, and Precipitation Efficiency Index

Considering that the precipitation system is characterized by a continuous distribution of
pixels in space, the 8-connected component labeling has been utilized for pixel screening (each
pixel: about 5 km × 5 km). Large continuous precipitation systems have been the primary
focus of the previous research (defined as systems covering more than 100 continuous pixels,
with each pixel’s near-surface precipitation not less than 0.5 mm/h [24]).

However, precipitation systems with smaller scales also contribute to precipitation
events, which may affect people’s daily life. To prevent noise errors due to an excessive
number of samples and to select precipitation systems of all scales, we adopt a connectivity
domain filtering threshold of 10 pixels. The monsoon precipitation over YHRB and SC land
areas is the focus of this study, so the pixels distributed over the ocean should be excluded.
After the screening process, a total of 414,680/394,480 monsoon precipitation pixels within
YHRB/SC were identified by GPM DPR from 2014 to 2023.

The impact of different intensities of precipitation on human activities varies signifi-
cantly, highlighting the importance of categorizing it based on intensity. The hourly rain
rates from GPM 2ADPR have been used.

Drawing on the classification standards for hourly precipitation levels in short-term
weather forecasts, the intensity of hourly precipitation can be broadly categorized into four
levels: drizzle (0–2 mm/h), light rain (2–3.9 mm/h), moderate rain (4–7.9 mm/h), and
heavy rain (>8 mm/h). Moreover, the heavy rain category can be further subdivided into
three sub-categories: heavy rain (8–19.9 mm/h), extreme rain (20–50 mm/h), and most
extreme severe rain (>50 mm/h) [25].
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Previous studies defined the precipitation efficiency index (PEI h−1) to measure the
extent of precipitation adequacy in the precipitating system [2,26,27]. The previous defini-
tion of PEI proposed by Hu et al. [2] is adopted in this study due to the similarity between
the selected regions.

PEI =
nsRR
CWP

=
nsRR

LWP + IWP
(1)

where nsRR (mm/h) represents the near-surface rain rate, and CWP (g/m2) is the cloud
water path. LWP (g/m2) and IWP (g/m2) denote liquid water path and non-liquid water
path, respectively.

The PEI in Figure 2d exhibits a skewed normal distribution within the range of
0–10 h−1. We have chosen to categorize the PEI into three bins average, allowing meaningful
comparisons and analyses of different PEI categories. A similar categorization method has
been adopted in the previous study [2], according to the defined intervals for the PEI based
on its distribution traits. These intervals (0, 3) h−1, (3, 6) h−1, and (6, ∼) h−1 are designated
as low, moderate, and high PEI precipitation categories, respectively.
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Figure 2. The frequency and amount contribution (%) of different intensity (heavy, extreme, the most
extreme) (a), different types (convective, stratiform, and shallow) (b), different PEI (low, moderate,
and high) (c) precipitation to total precipitation over YHRB and SC. The left/right six columns are for
precipitation frequency/amount contributions. “Freq” is an abbreviation for frequency. Probability
density functions (PDFs) (%) of the (d) precipitation efficiency index (PEI) over YHRB and SC (red
and blue line).

3. Results
3.1. The Distribution of Various Precipitation Intensities, Types, and PEIs

The statistical results of convective, stratiform, and shallow precipitation samples are
shown in Table 2. The average nsRR over SC (2.87 mm/h) is typically greater than that over
YHRB (2.27 mm/h) [11]. Moreover, it is revealed that a higher proportion of convective
precipitation is at 33%, compared to the 18% observed over YHRB. Moreover, convective
precipitation tends to be more intense. A larger frequency/amount (6%/49%) of strong
precipitation (>8 mm/h) is observed over SC compared to that (4%/42%) over YHRB.
Additionally, a greater proportion of moderate and high PEI precipitation over SC is found
to be consistent with the previous findings that convective precipitation tends to have a
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higher PEI [26]. The frequency/amount contributions of moderate and high precipitation
are 52%/73% (48%/70%) over SC (YHRB).

Table 2. Samples, proportion of samples, the average nsRR, Dm, and Nw at 1 km in altitude, and PEI
for rainy season precipitation systems over YHRB and SC from 2014 to 2023.

Characteristic Convective Stratiform Shallow
Convective

YHRB
No. of samples 76,648 326,685 8664
Proportion (%) 18.48 78.78 2.09
nsRR (mm/h) 4.92 1.68 0.29

Dm (mm) 1.34 1.24 0.97
Nw 35.03 33.37 32.69

PEI (h−1) 4.70 2.89 2.43
SC

No. of samples 128,550 261,782 4148
Proportion (%) 32.59 66.36 1.05
nsRR (mm/h) 4.99 1.86 0.28

Dm (mm) 1.42 1.30 0.97
Nw 34.14 33.00 32.54

PEI (h−1) 4.66 2.86 2.30

Generally, stratiform precipitation predominates in amount/frequency contribution
but with a significantly lower average rain rate compared to convective precipitation. The
nsRR of convective precipitation over YHRB/SC is 4.92/4.99 mm/h, while the nsRR of
stratiform precipitation is 1.68/1.86 mm/h. Shallow convective precipitation constitutes
a very minor proportion, accounting for only 2%/1% of the total pixels over YHRB/SC.
Therefore, it will not be included in our detailed analyses.

The Dm at 1 km altitude is utilized by this study to examine the size distribution of
near-surface raindrops to mitigate the potential impact of surface obstacles causing droplet
fragmentation. The Dm of precipitation over SC is typically larger than that over YHRB,
while the Nw is generally smaller, indicating that the precipitation features larger droplets
with a lower concentration.

Figure 2a–c show the frequency/amount contribution of precipitation with different
intensities/types/PEIs. Overall, the frequency contribution of heavy precipitation is mini-
mal, accounting for only about 5%, yet its amount contribution is considerable, exceeding
40% over both regions. The pattern of low occurrence frequencies and high amounts of
contributions is particularly evident in extreme and the most extreme precipitation.

For precipitation with different PEI, the amount contributions of moderate and high
PEI precipitation are greater than their frequency contributions, while the pattern for low
PEI precipitation is reversed. It can be verified easily according to the definition of PEI.

Figure 2d sketches the approximate Gaussian normal distribution of PEI both for
YHRB precipitation and SC precipitation. PEI is mainly distributed between 0 and 8 h−1

in the precipitation of both regions. When the PEI is between 3 h−1 and 8 h−1, the PEI
distribution probability of SC precipitation is greater than that of YHRB precipitation. The
average PEI of precipitation over SC is larger than that of precipitation over YHRB, with
3.43 h−1 to 3.22 h−1. Although in Table 2, YHRB excels in PEI of convective, stratiform,
and shallow precipitation, SC has a higher average precipitation efficiency index due to the
high proportion and high efficiency of convective precipitation.

At the same PEI level, Figure 3a–d show that a lower frequency/amount contribution
of convective precipitation is observed over YHRB compared to SC. An increase in the
proportion of convective precipitation may lead to a higher intensity of the PEI. Convective
precipitation is predominant in the most efficient rainfall, with a frequency proportion of
65% (80%) and an amount proportion of 76% (86%) over YHRB (SC). The result represents
that convective precipitation with greater overall precipitation adequacy over SC is ob-
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served to occur more frequently and contributes more to the total precipitation amount.
Stratiform precipitation, on the other hand, is dominant in low and moderate PEI precip-
itation. Interestingly, for moderate PEI precipitation, the contribution of convective and
stratiform precipitation is comparable over SC.
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amount across precipitation PEI categories over (a,c) YHRB and (b,d) SC. From the inside to the outside,
circles represent the precipitation cases: low, moderate, and high. (Middle) The same for different
precipitation intensities over (e,g) YHRB and (f,h) SC. (Bottom) Low (red), moderate (purple), and high
(green) PEI precipitation contributions by intensity over (i,k) YHRB and (j,l) SC. From the inside to the
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At the same precipitation intensity, the contribution of convective and stratiform
precipitation to the total precipitation amount and frequency are almost equal over different
regions. The frequency/amount contribution of convective is larger than that of stratiform
precipitation at a relatively high intensity (>20 mm/h), which is consistent with the greater
intensity of convective precipitation. Additionally, a greater contribution from convective
precipitation is observed over SC compared to YHRB. Moreover, convective precipitation
dominates in the most extreme rainfall, with frequency/amount proportions of 88% (94%)
over YHRB (SC). It is worth noting that the contribution of convective precipitation in
heavy precipitation over YHRB is slightly less than that of stratiform precipitation.

The above results show that most of the strong precipitation is caused by convective
precipitation. However, the stratiform precipitation over YHRB can also lead to heavy
precipitation (8–20 mm/h).

Among all the intensity classifications, the frequency and amount of contributions
of low PEI precipitation are the lowest, while the contributions over YHRB are higher
than those over SC. High PEI precipitation is likely to exhibit greater intensity due to its
higher frequency and amount of contributions in intense precipitation. It is similar to the
conclusion of Hu et al. [2]. Overall, moderate PEI precipitation is the primary contributor
across all intensity levels; for example, over SC, it accounts for 88%, 80%, and 49% of heavy,
extreme, and most extreme precipitation.

3.2. The DSD and Vertical Structure of Precipitation

Scatterplots were employed to illustrate the distribution of Dm − log10Nw pairs at
a height of 1 km for the three types of precipitation (Figure 4a,b). As can be seen, the
Dm − log10Nw pairs for convective precipitation spanned a wider range than those of strat-
iform and shallow convective precipitation. Bringi et al. [28] proposed that the DSDs can
be identified as “maritime-like” and “continental-like” clusters in convective precipitation.
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The maritime cluster [28] was populated with Dm versus Nw pairs for convective and
stratiform precipitation over the two regions.
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In Figure 4c, the distribution plots of average Dm and log10Nw pairs for the three types of
precipitation indicate that the convective Dm – log10Nw pair distribution range is the broadest,
with stratiform precipitation following, and shallow convective has the thinnest range. The Dm
− log10Nw pairs of the entire precipitation samples are more similar to stratiform precipitation,
particularly over YHRB, where stratiform precipitation constitutes a significant portion of the
total precipitation, accounting for nearly 79%. The variation in distribution ranges suggests
that the convective DSDs undergo more complex microphysical processes, while the shallow
convective microphysical processes are relatively simple.

All three types of precipitation over both regions, as well as the overall precipitation,
are situated to the left of the stratiform line [28]. The mean and standard deviation of
Dm and Nw decrease progressively from convective stratiform to shallow precipitation.
Compared to SC, there are smaller Dm and larger Nw within the three types of precipitation
over YHRB.

After selecting strong precipitation samples with nsRR exceeding 10, the average DSD
values for both regions have been computed. Their DSD characteristics are similar to those
of the maritime cluster. The strong precipitation over both regions is categorized as deep
maritime convection, as the categorization by Ryu et al. [29]. The primary probable reason
is that the monsoon precipitation over SC and YHRB contains a substantial volume of water
vapor, which could be the underlying factor for their distinct maritime-like microphysical
characteristics [26,30,31].

As shown in Figure 5a, the Dm of precipitation over YHRB is more tightly clustered
around the peak, with the distribution values at the peak of convective (stratiform) precipi-
tation reaching 10.5% (17.5%), whereas for SC, they are only 8.3% (13.1%). Compared to
YHRB, the data distribution is more scattered for convective and stratiform precipitation
over SC. It is noteworthy that both regions show a significant decrease in the PDF at a Dm
value of approximately 1.25 mm. Considering Figure 5a,b, and Table 2, there are larger
near-ground raindrops but fewer in number over SC, while the pattern is reversed over
YHRB. Figure 5b shows that both convective and shallow precipitation exhibit bimodal
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distributions over SC. For convective precipitation, the first peak occurs at 3.8 mm−1m−3,
and the second peak is at around 3.4 mm−1m−3.
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Figure 6 shows the vertical structure of average Dm, Nw, and Ze. It can be calculated
that the storm top height of convective precipitation is around 15 km, while stratiform
precipitation is around 12 km. It shows that the vertical updraft in convective precipitation
is sufficiently intense to elevate clouds to a greater altitude compared to stratiform precipi-
tation. The vertical profiles of Dm, Nw, and Ze can indicate vertical evolutions of mean sizes
and concentrations of hydrometeors, suggesting various microphysical processes during
hydrometeors dropping.

Dm, Nw, and Ze vary with changes in PEI and precipitation intensity. Both a decrease in
PEI and an increase in precipitation intensity led to an increase in convective precipitation
Dm. Conversely, an increase in PEI and a decrease in precipitation intensity result in an
increase in stratiform precipitation Dm. In the profiles of Nw, both a decrease in PEI and an
increase in precipitation intensity can lead to an increase in convective precipitation (above
8 km) and stratiform precipitation.

The convective precipitation Ze profile changes with the PEI and precipitation intensity
are consistent with the Dm profile, indicating that Dm plays a major role in the variation of
the convective precipitation reflectivity factor. It is necessary to integrate the effects of Dm
and Nw to analyze the variations of stratiform precipitation Ze profiles. The positive impact
of Dm growth on Ze profiles is greater than the negative impact of Nw reduction as PEI
increases, indicating that Dm is predominantly influential in the variation of Ze. Similarly, it
is observed that Nw is the primary factor affected by changes in precipitation intensity for
the variation of Ze.

There are some differences between YHRB and SC. The near-surface Dm of low PEI
precipitation over YHRB is greater than that over SC, which may be associated with the
relatively weak collisional break-up in the falling process below the melting layer, resulting
in less decrease in Dm as the height falls. Moreover, it is worth noting that YHRB lacks
M-ExL stratiform precipitation samples.

The vertical structure of precipitation can reflect thermal and dynamic stratification
characteristics and microphysical characteristics of precipitation clusters [32].

There is a stronger trend of decreasing Dm and increasing Nw as the height falls in
convective precipitation over SC from 15 km to 10 km. The result may represent that the
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deposition process in the rising parcels of air is stronger over SC than over YHRB [10].
Additionally, the decrease in Ze over the two regions with increasing height is associated
with the smaller and fewer ice particles lifted to higher heights [11].
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Figure 6. The vertical profiles of (a,d,g,j) Dm (mm), (b,e,h,k) Nw (dB), and (c,f,i,l) Ze (dBZ) (radar
reflectivity factor) for (a–f) convective precipitation and (g–l) stratiform precipitation in terms of differ-
ent PEIs and intensities in rainy season over (a–c), (g–i) YHRB and (d–f), (j–l) SC. Blue/yellow/pink
lines represent heavy/extreme/the most extreme precipitation. Solid/dotted/dashed lines represent
low/moderate/high PEI precipitation.

From 10 to 5 km, there is a sudden increase in Dm of low PEI extreme precipitation
and the most extreme precipitation as height falls. The Dm increases by 0.81 and 0.96 mm,
respectively, corresponding to a sudden decrease in Nw. This may indicate the formation
mechanism of extreme precipitation with low PEI conditions: small ice particles with
high concentration grow into large particles with low concentration through deposition
and aggregation processes [33]. However, there is sufficient water vapor to allow the
diameter and concentration of particles to increase simultaneously for precipitation with
relatively high precipitation efficiency. Moreover, the Ze profile of convective precipitation
with low PEI shows evident bright band (BB) characteristics. As can be seen, there is a
maximum value of Ze at around 5 km. The explanation for it may be the combined effect of
collision–coalescence above the melting layer and collisional break-up below it.

In contrast to convective precipitation, the Dm of stratiform precipitation over YHRB
decreases as height falls from 12 km to 8 km, indicating a stronger deposition and aggrega-
tion process. The Nw profile of stratiform precipitation does not show a sudden decrease
but steadily increases as height falls. During the process of the Ze profile from the STH
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to the melting layer, the profiles of different types of precipitation are very close. They
only separate below the melting layer. It is because precipitation with high Dm often has
low Nw, and the dilemma of Dm and Nw makes Ze of different precipitation equal in the
previous process. Variations in lower atmospheric moisture content and temperature lead
to fluctuations in the Dm profile of precipitating clouds in the latter process. According to
the dependence of Ze on the sixth power of Dm, it contributes significantly to the variation
of Ze [28].

In the area above the melting layer, the DSD and Ze variations of different precipitation
classifications may be caused by ice phase layer (IPL) processes and STH. Additionally, we
think that there are significant factors that can also influence the process below the MLT,
such as MLTH, melting layer bottom height (MLBH), and melting layer width (MLW).

The IPL is an important region of physical processes for precipitation. Its position,
width, and intensity of the ice phase processes affect the phase, size, and concentration of
precipitation particles, thereby influencing the intensity of precipitation and the value of
Ze [32].

Figure 7 shows the changes in the vertical structure of rain rate within the IPL over
YHRB and SC. The zero point on the vertical axis represents the height of the IPL bottom
over YHRB, while the maximum point represents the height of the IPL top over SC.
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Figure 7. The box–whisker plots the vertical structure of rain rate (RR) within the ice phase layer
(IPL) for convective (a–c) and stratiform precipitation (d–f) precipitation in terms of different PEIs
(low, moderate, and high; from the left column to the right column) in the rainy season over YHRB
(red boxes) and SC (blue boxes). The y-axis depicts the relative IPL height, with 0 representing the
height of the minimum IPL bottom. The center of the box represents the 50% percentile value, the
lower quartile (25%) and the upper quartile (75%) are the left and right boundaries of the box, and
the whiskers correspond to the 5% and 95% values.

Compared to YHRB, the height of the IPL over SC is higher for the same precipitation
type. When the height of the IPL is higher, the rain rate in its lower layers is larger. This
may be because higher altitude means lower temperature, which promotes the growth
process of precipitation particles in the IPL. The maximum precipitation intensity within
the IPL generally occurs at the 0–3 km IPL width over SC, further verifying that the IPL
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processes are more active. Interestingly, the maximum precipitation intensity in high PEI
precipitation over SC is lower than that over YHRB. Compared to other classifications,
there is a significant leftward shift in its rain rate profile.

The convective precipitation has a greater precipitation intensity within the IPL,
reaching up to 8 mm/h, and the distribution range of precipitation intensity is also wider.
The maximum width of the IPL in the convective precipitation over the two regions is
generally the same. However, YHRB has a larger width of the IPL in the stratiform
precipitation. The IPL width of stratiform precipitation with PEI > 6 h−1 is smaller than
that of corresponding convective precipitation. It is worth noting that the IPL width of the
stratiform precipitation with smaller PEI is abnormally large.

Figure 8a–f show that the STH peak over SC is usually larger than that over YHRB, and
the frequency of high STH distribution is also higher. Apart from the high PEI stratiform
precipitation, its STH is smaller than YHRB. From the results in Figure 9, it can be seen that
the rain rate structure within its IPL also exhibits prominent differences. As PEI increases,
the peak of STH becomes smaller and is more concentrated in the peak region, indicating a
decrease in STH.
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column to the right column) in rainy season precipitation systems over YHRB and SC from 2014 to 2023.
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Figure 9. The spatial distributions of melting layer top height (MLTH) (a,b), melting layer bottom
height (MLBH) (c,d), melting layer width (MLW) (e,f), and storm top height (STH) (g,h), CPAE (i,j)
over YHRB (a,c,e,g,i), and SC (b,d,f,h,j).

The distribution characteristics of STH in different classifications and regions are
consistent with the characteristics of the rain rate vertical structure in the IPL in Figure 9.
This may indicate a certain correlation between STH and the IPL processes. It is assumed
that the higher the STH, the more beneficial it is for the upward growth of the IPL, and there
is sufficient space for the precipitation to grow into large particles through condensation
and riming, which contributes significantly to the higher precipitation intensity in the lower
layer of the IPL over SC.

The analyses of MLTH of convective and stratiform precipitation with different PEI
were performed over SC and YHRB in Figures 8g–l and 9. Generally, it should be high-
lighted that the means of MLTH over SC is larger than that over YHRB. The MLTH peaks
are concentrated within the height range of 6–6.5 km over SC, indicating a more centralized
distribution pattern. Comparatively, there is an approximate bimodal characteristic in the
MLTH distribution over YHRB, with the first peak occurring around 5 km and the second
near 6.5 km. In detail, the MLTH over SC ranges from 5 km to 7 km, while the range over
YHRB is wider (3–7 km). Specifically, YHRB exhibits the most extensive distribution in
Figure 8l.

As can be seen from Figure 9, the means of MLTH and MLBH of precipitation over SC
are approximately 0.5 km higher than those over YHRB. It is consistent with the previous
investigations suggesting that the height of the melting layer decreases with the increase in
latitude [34,35]. Specifically, MLTH (MLBH) generally exceeds 4.5 km (3 km) over YHRB,
while they are above 5 km (3.6 km) over SC. There are several obvious maximum value
centers over YHRB for MLTH (MLBH). Conversely, only a notable high-value center exists
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in southern Fujian over SC. Minimum values for SC’s MLTH (MLBH) occur along the
coastlines, eastern Guangxi, southern Jiangxi, and the northeastern coast of Hainan Island.
The distribution of MLW of precipitation over these two regions is relatively centralized. It
is mainly distributed between 1.3 mm and 1.6 mm, and there are scattered maximum value
centers (yellow areas). Those over SC have a larger coverage area. Moreover, the means of
MLW of precipitation over SC is greater.

The average STH of precipitation over SC is higher. A closer inspection of the figure
shows that the distribution for the four parameters, MLTH, MLBH, MLW, and STH, is more
concentrated over SC.

CAPE represents atmospheric instability, and an increase in CAPE indicates a positive
trend in the upward velocity and the development of convection. As shown in Figure 9i,j,
over YHRB, the maximum CAPE value appears in the northern part of Jiangxi, the northern
part of Fujian, and the eastern coastal area of Fujian and Zhejiang. This is consistent with
the locations of the maximum MLTH, MLBH, and STH in Figure 9. Over SC, the CAPE in
the northern part is smaller and more evenly distributed, while the CAPE values gradually
increase toward the southern part, with the maximum value appearing in the northeastern
part of Hainan Island. This is very similar to the distribution of the maximum MLW in
Figure 9.

In summary, the result may represent that the increase in atmospheric instability
energy is conducive to elevating MLTH, MLBH, and STH.

3.3. Precipitation Microphysical Properties

There are significant differences between the STH and MLT in the two regions, whereas
the vertical structure of precipitation is closely related to the occurrence of surface pre-
cipitation [16]. To further reveal the differences in microphysical processes in the vertical
direction of precipitation between the two regions, this study classifies the precipitation
structure into the IPL (corresponding to the height from STH to −5 ◦C), the melting layer
(corresponding to the height from −5 ◦C to 5 ◦C), and the liquid phase layer (correspond-
ing to the height from 5 ◦C to the ground) from top to bottom [32]. This section aims to
investigate the microphysical processes that occur within each layer and their influence on
the overall precipitation microphysics.

To achieve a deeper comprehension of the microphysical processes during the rainy
season’s precipitation evolution over YHRB and SC, Figure 10 shows a two-dimensional
PDF between ∆Dm and ∆Ze for convective precipitation and stratiform precipitation with
different PEIs. Defined as the differences between 1 km and 3 km, ∆Ze and ∆Dm facili-
tate the observation of microphysical processes. These two values can be calculated as
∆Ze = Ze

1km − Ze
3km and ∆Dm = Dm

1km − Dm
3km. The increase (decrease) in Ze and Dm

are indicative of dominant collision–coalescence processes, while a rise in Ze with falling
Dm points to a balance between break-up and coalescence. Conversely, a drop in Ze and a
rise in Dm signal dominant evaporation or size sorting [26].

As can be seen from Figure 10, the center of gravity of the probability density shifts to
the upper right as the PEI increases, from the negative quadrant to the positive quadrant,
representing a shift in the main microphysical processes from collisional break-up to
collision–coalescence. The break-up of raindrops is the dominant microphysical process in
the stratiform precipitation, with PEI ranging from 0 to 3 h−1, accounting for 67.8% (68.1%)
over YHRB (SC). Moreover, the minimum value of ∆Dm is smaller than −0.5 mm, and that
of ∆Ze is smaller than −10 dB Ze in the stratiform precipitation. The probable explanation
is that the falling process dominated by collisional break-up leads to smaller near-surface
raindrops. Collision–coalescence processes dominate in the precipitation with PEI larger
than 3 h−1, especially when PEI is larger than 6 h−1 in the convective precipitation, where
they account for 86.9% (87.8%) over YHRB (SC). The high PEI convective precipitation
with larger maximum values of ∆Dm and ∆Ze can result in larger near-surface raindrops
through the collision–coalescence.
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Figure 10. The frequency pattern in two-dimensional space of ∆Dm and ∆Ze for (a–f) convective precipita-
tion and (g–l) stratiform precipitation at different PEI of (a,e) 0–3 h−1, (b,f) 3–6 h−1, and (c,g) >6 h−1 in
rainy season precipitation systems over YHRB (a–c,g–i) and SC (d–f,j–l) from 2014 to 2023.

Despite all the similarities, there are still differences between precipitation over YHRB
and SC for a given PEI. The most significant difference between the two regions lies in
the convective precipitation with low PEI. The proportion of the break-up processes over
YHRB is 7.7% higher than that over SC, while the collision–coalescence processes over
YHRB are 7.2% less. We define the condition as a positive phase when the frequency in
the positive quadrant is higher over SC and the frequency in the negative quadrant is
higher over YHRB. Therefore, convective precipitation with PEI ranging from 0 to 6 h−1

is in the positive phase, while it is in the negative phase at high PEI (>6 h−1). Conversely,
stratiform precipitation is in the negative phase when PEI is 0–6 h−1. Both the break-up
and coalescence processes are more intense in the precipitation with high PEI over SC. The
microphysical processes of convective and stratiform precipitation in the two regions show
a symmetrically opposite relationship with the change in PEI.

The width of the IPL in convective precipitation is significantly greater than that in
stratiform precipitation, reaching a staggering width of up to 13–14 km. The IPL width of
convective precipitation is mainly distributed between 0 and 10 km, while that of stratiform
precipitation is distributed between 0 and 6 km. As the PEI increases, the IPL width in
precipitation in both regions tends to concentrate toward lower values, with the maximum
IPL width decreasing.

Overall, there is a trend of decreasing IPL width when PEI increases. The width of
the IPL in precipitation in SC is slightly greater than that in YHRB for both convective
and stratiform precipitation. Especially, for low PEI and low precipitation intensity in
YHRB, the distribution is concentrated at 2 km and 5 km. In contrast, the precipitation
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distribution in SC is more scattered. In stratiform precipitation, the IPL width in YHRB is
concentrated between 0 and 3 km, while in SC, the IPL width is more dispersed, with a
significant distribution between 0 and 6 km.

With the purpose of further studying the differences in the microphysical properties of
precipitating clouds in terms of different IPL widths, we defined the intervals of IPL width
to classify precipitation samples into three types for classification and statistics. Those
intervals are the (0, 5) km, (5, 10) km, and (10, ∼) km, which are defined as low, moderate,
and high IPL width precipitation, respectively. As shown in Figure 11, the proportion of
precipitation samples classified into three width grades constitute the following percentages
within the six categories of precipitation classified by PEI values and rain types.
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Figure 11. The violin plots for the IPL width of convective (left) and stratiform precipitation (right)
in the rainy season over YHRB (red) and SC (blue).

As can be seen from Figure 12, a greater proportion of precipitation samples with IPL
width ranging from 5 km to 10 km is observed over SC. Low-width precipitation samples
(0–3 km) are dominant in stratiform precipitation, accounting for over 90%, which may
imply that the IPL width in stratiform precipitation is generally smaller. Moreover, the
proportion of low-width precipitation samples increases as the PEI increases.
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Figure 12. The amount contribution of low (pink), moderate (purple), and high (red) IPL width
precipitation in different types of precipitation ((a–c) are convective precipitation, (d–f) are stratiform
precipitation) under different PEIs (low, moderate, and high, from the top to the bottom) over YHRB
(inside circle) and SC (outside circle). (g) The box–whisker plots for the distribution of convective and
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stratiform near-surface precipitation rates with different IPL widths under different PEIs. LC, MC,
HC, LS, MS, and HS represent low convective, moderate convective, high convective, low stratiform,
moderate stratiform, and high stratiform, respectively. For instance, in LCL, where the first L stands
for PEI grade, the C stands for convective precipitation, and the last L stands for IPL thickness grade.
LCL is characterized by low PEI and low IPL width in convective precipitation.

A higher PEI is associated with an increase in nsRR for a given IPL width. Moreover,
an increase in IPL width leads to a greater nsRR when the PEI is stable. The maximum
nsRR appears in the HCM classification of SC. Except for this classification of precipitation,
the nsRR in other classifications is greater over YHRB than over SC. It is noteworthy that
the HCH, MSH, and HSH classifications lack corresponding samples.

Overall, the IPL width is often smaller in high PEI precipitation, which makes it
challenging for precipitation to have both high PEI and large IPL width simultaneously.
A larger IPL width may lead to more intense surface rainfall for a given PEI. A possible
explanation is that a greater fall distance may allow for more complete IPL processes such
as deposition, aggregation, and riming.

Figure 13 shows the relationship between IPL physical processes and near-surface
precipitation. The main distribution range of convective precipitation is larger than that
of stratiform precipitation. Taking low PEI precipitation as an example, the IPL width of
convective precipitation is mainly distributed in the range of 0–6 km, with near-surface
precipitation reaching 2 mm/h, while the IPL width of stratiform precipitation is mainly
distributed in the range of 0–2.5 km.
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Figure 13. Two-dimensional kernel density estimation of ice phase layer (IPL) width and near-surface
rain (nsRR) for (a–f) convective precipitation and (g–l) stratiform precipitation in terms of different
PEIs (from left to right, low PEI, moderate PEI, and high PEI) in rainy season precipitation systems
over YHRB (a–c,g–i) and SC (d–f,j–l) from 2014 to 2023.
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The distribution for both types tends to flatten with an increased occurrence probability
of more intense near-surface precipitation as the PEI increases. It is noteworthy that the
distribution concentration regions exhibit a characteristic of bulging upward to the right,
indicating a positive correlation between IPL width and precipitation intensity.

Over YHRB and SC, the most significant difference in precipitation is observed in
precipitation with an IPL width smaller than 10 km. The concentration area of the sample
distribution over SC is characterized by a clear upward bulging, indicating that the IPL
width of precipitation samples is larger.

Overall, the physical processes within the IPL can significantly contribute to the
increase in nsRR, and they are more active over SC.

∆Zi represents the change in radar reflectivity intensity detected by the DPR after precip-
itation passes through the melting layer, which can be calculated using the following formula
∆Zi = Ze

STH+500m − Ze
MLT−500m. The larger the ∆Zi, the greater the increase in reflectivity

factor after precipitation passes through the melting layer, implying a stronger role. The
sample distribution shapes also exhibit a bulge to the right and upward, implying that ∆Zi
may be proportional to near-surface precipitation. Overall, the distribution characteristics of
raindrops in Figures 13 and 14 are quite similar, suggesting that the IPL and melting layer
have a similar promoting effect on the increase in near-surface rainfall intensity.
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Figure 14. Two-dimensional kernel density estimation of the radar reflectivity (∆Ze) and near-surface
rain rate (nsRR) for (a–f) convective precipitation and (g–l) stratiform precipitation in terms of
different PEIs (from left to right, low PEI, moderate PEI, and high PEI) in rainy season precipitation
systems over YHRB (a–c,g–i) and SC (d–f,j–l) from 2014 to 2023.

As shown in Figure 15, the maximum value of w occurs in the range of 4–8 km.
Specifically, the w applied in PEI precipitation with PEI larger than 6 h−1 causes fluctuations
to occur. The peak of the w applied in stratiform precipitation with high PEI appears near
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1 km over SC. Above a critical altitude, the w in YHRB precipitation is greater than that in
SC, while below this critical height, SC has a higher w.
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Interestingly, for moderate PEI stratiform precipitation, the wind profile displays
a four-stage pattern: above 9 km, the w is higher over YHRB; from 9 km to 6 km, it is
higher over SC; from 6 km to 4.5 km, it is the same as the first stage; and below 4.5 km,
SC has a higher w. For low PEI convective precipitation and for high PEI convective and
stratiform precipitation, the deviation between the two regions’ profiles is significant, with
the maximum w difference at the given altitude reaching 0.05 m/s.

4. Conclusions

With the purpose of further understanding monsoon precipitation characteristics, the
comparative analyses of precipitation microphysics during the rainy season over YHRB and SC
have been investigated based on GPM DPR observations from 2014 to 2023. The comparison
includes the general distribution characteristics, vertical structure, and microphysical processes
of precipitation. The main conclusions are summarized as follows.

1. The comparative analyses present the general precipitation characteristics and un-
cover the interrelationships among these characteristics. The mean near-surface rain
rate and PEI are typically greater over SC, which may be associated with the more
frequent occurrence of convective precipitation. When precipitation intensity or PEI
remains nearly constant and the other is increasing, the proportion of convective
precipitation increases as the rise in precipitation intensity or PEI, verifying the larger
intensity and PEI owned by convective precipitation. It was found that although
convective precipitation is dominant in the strong precipitation (>8 mm/h), strat-
iform precipitation can also be a significant contributor to the less intense strong
precipitation (8–20 mm/h), accounting for 60% over YHRB. Specifically, moderate PEI
precipitation is the primary contributor to strong precipitation (>8 mm/h) rather than
high PEI precipitation;

2. There are similarities and differences in the DSD characteristics between YHRB and
SC. The DSD characteristics of strong precipitation (>8 mm/h) over the two regions
are similar to that of deep ocean convection, with a possible explanation being that
the monsoon precipitation contains a large amount of water vapor. However, the Dm
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at 1 km altitude over SC is generally larger, while the Nw is smaller, indicating that SC
is featured by fewer and larger raindrop particles in the near-surface precipitation.
However, there are more and smaller raindrop particles over YHRB;

3. Smaller IPL width is often associated with higher precipitation efficiency. This rela-
tionship exhibits different characteristics in convective and stratiform precipitation.
In convective precipitation, a thinner IPL indicates weaker ice phase processes, which
typically leads to a reduction in condensation and aggregation processes, resulting
in a decrease in the size of raindrops near the ground. In contrast, the formation
mechanism of stratiform precipitation differs from convective precipitation, and the
role of the IPL in its formation may not be as significant. Even with a reduction in IPL,
the Dm in stratiform precipitation may increase due to the highly efficient precipitation
process. This increase may be attributed to the enhancement of collision–coalescence
process below the melting layer;

4. The vertical structure characteristics of precipitation are affected by microphysical
processes within the different layers and environmental factors, which may shape the
efficiency and intensity characteristics of precipitation;

5. Over SC, a stronger trend of particle aggregation is observed in convective precip-
itation, with Dm increasing with altitude in the upper layers while Nw decreases.
Additionally, the growth rate of Dm near the melting layer is higher in stratiform
precipitation. This can be explained by the fact that the average vertical wind velocity
in the lower layers and the average CAPE is greater over SC, indicating more intense
convective activity. As a result, the average STH is approximately 0.63 km higher than
YHRB. This leads to a more expansive IPL and melting layer, which reach greater
heights and widths. Such an environment is conducive to more vigorous aggrega-
tion and deposition processes in the IPL, as well as more pronounced melting and
collision–coalescence processes in the melting layer;

6. At the same time, the microphysical processes occurring within both the IPL and
the melting layer likely contribute to the enhancement of near-surface precipitation.
However, Ze near the surface for both convective and stratiform precipitation over SC
is not significantly different from and is even slightly lower than that over YHRB. This
discrepancy is likely due to the significant influence of liquid phase processes below
the melting layer on the vertical structure of precipitation. The stronger collisional
break-up processes over SC lead to a reduction in Dm below the melting layer. Given
that Ze is directly proportional to the sixth power of Dm, this reduction significantly
offsets any potential enhancement in reflectivity.

5. Discussion

It is also necessary and important to clarify some limitations of this study. Although
the GPM DPR exhibits high reliability in the retrieval of Dm, there may be underestimations
in Nw [13]. In order to mitigate the negative influence, a decade of precipitation samples is
adopted. Moreover, ∆Dm and ∆Ze are used to reveal microphysical processes, which are
not sensitive to retrieval errors [32]. Furthermore, this study did not consider topographical
and other climatic factors, such as humidity characteristics.

Incorporating both airborne radar and ground-based detection technologies, our
forthcoming research endeavors to expand the scope of the investigation to encompass
a comparative analysis of precipitation microphysical properties across diverse climatic
zones and weather systems within China (e.g., Southwest China, Northeast China, and
Offshore Typhoon). This comprehensive study aims to elucidate the regional disparities
in precipitation processing mechanisms, thereby contributing valuable insights for the
refinement of regional numerical models through informed parameterization.
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