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 14 

Abstract. Rain cells areUnderstanding the characteristics of rain cell, the most common unitsbasic unit 15 

in the natural precipitation system. Enhancing the understanding of these rain cell characteristics can 16 

significantly, is helpful to improve the cognition of the precipitation system. Previous studies have mostly 17 

analyzed rain cells from a single radar data. In this study, webased on the merged thedata of precipitation 18 

parameters measuredprofile data, reflectivity and infrared data, and microwave brightness temperature 19 

data, which were observed by the Tropical Rainfall Measuring Mission (TRMM) precipitation radar (PR) 20 

with the muti-channel cloud-top radiance measured by the), visible and infrared scanner (VIRS) and the 21 

muti-channel brightness temperature measured by the TRMM microwave imager (TMI). The), rain cells 22 

were identified withinin the PR orbit, and the swath truncation effect was eliminated. We used by two 23 

methods for rain cell identification:, the minimum bounding rectangle (MBR) method and the best fit 24 

ellipse (BFE) method, and compared the differences between these two methods in describing the rain 25 

cell characteristics. The results indicate that both methods can better reflect the . The geometric 26 

characteristics of rain cells. Compared with the MBR method, the BFE method can obtain a smaller rain 27 

cell area, and the filling ratio is better. However, the MBR method can simplify the data storage volume. 28 

Consequently, we employed the MBR method to analyze the precipitation structure physical parameters 29 

of two typical rain cell precipitation cases. The results show that the new rain cell dataset can be used for 30 
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the analysis of rain cell precipitationrain cell were also defined. By analyzing the geometric parameters 31 

(length, width, height and so on) and physical parameters (rain rate, visible/infrared and microwave 32 

signals, which provides valuable data for comprehensive studies on the  reflectivity and thermal infrared 33 

brightness temperature from cloud top, and microwave brightness temperature from cloud column) of 34 

two rain cells (weak rain cell and strong rain cell) identified by MBR method and BFE method, results 35 

indicate that the strong rain cell is filled with deep convective precipitation and also has low thermal 36 

infrared bright temperature in cloud top, while the weak rain cell is stratiform precipitation with small 37 

rain rate. Compared to the BFE method, the MBR method has a smaller rain cell length, while both 38 

methods demonstrate similar rain cell structural characteristics and furthers the understanding widths. 39 

The filling ratio of precipitation mechanisms.BFE method is slightly higher than that of MBR method. 40 

In general, the both methods indicate that the rain cell identification and the defined rain cell parameters 41 

are reasonable and intuitive. The data which were used in this paper are freely available at 42 

https://doi.org/10.5281/zenodo.8352587https://doi.org/10.5281/zenodo.13118878 (Wu et al., 2023and 43 

Fu, 2024). 44 

 45 

1 Introduction 46 

Precipitation is an important part of the global energy and water cycle (Houze, 1997; Oki and Kanae, 47 

2006; Lau and Wu, 2010). Rain cells are considered asIn the most basic water cycle, the rain cell that 48 

constitutes a precipitation unit, but they have been defined differently in literatures.system can be 49 

considered the most elementary unit in different definitions. The investigation of the three-dimensional 50 

structure of rain cell is helpful to understand the thermodynamic structure and microphysical processes 51 

within precipitation systems (Houze, 1981; Zipser and Lutz, 1994; Yuter and Houze, 1995; Fu and Liu, 52 

2001). Austin and Houze (1972) studied the precipitation patterns in New England and found that there 53 

are basically composed of subsynoptic scale precipitation regions, that each withhad rather clearly 54 

definable characteristics and behavior. when they studied the precipitation patterns in New England. 55 

Based on radar observations and detailed rain gauge records, the precipitation patterns can be they also 56 

divided precipitation pattern into synoptic areas, large mesoscale areas, small mesoscale areas and cells. 57 

The rain cell with an area of about 10 km2 in radar echo iswas regarded as a single cumulus convective 58 
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unit in their study. Goldhirsh and Musiani ( (Gagin et al., 1986) defined rain cell as areas with rain rates 59 

greater than or equal to ; Capsoni et al., 1987). 60 

More studies were done by defining the threshold by setting a correspondingof rain rate cell, such as an 61 

area where rain rates were greater than a given threshold. (Goldhirsh and Musiani, 1986). For example, 62 

Capsoni et al. (1987) defined rain cell as the connected region with rain rate greater than 5 mm h−1 63 

based on S-band radar observation near Milan in 1980. Awaka (1989) modified rain rate threshold to 0.4 64 

mm h−1. Meanwhile, many papers studiedstudies exposed the relationship between precipitationrain rate 65 

threshold and rain cell size based on ground-based radar data (Konrad, 1978; Sauvageot et al., 1999; 66 

Feral et al., 2000; Begum and Otung, 2009). Capsoni et al. (1987) defined rain cell as a connected region 67 

with a precipitation rate greater than 5 mm h−1 based on S-band radar observation near Milan in 1980, 68 

and obtained the relationship between the spatial number densities of rain cells and the cumulative 69 

distribution of precipitation rate. Awaka (1989) modified the precipitation rate threshold to 0.4 mm h−1. 70 

In order to obtain the shape parameters, Feral et al. (2000) employed theadopted elliptic fitting method 71 

to investigate the geometric characteristics and directional distribution of rain cellscell. The statistical 72 

results also revealed that the major axis length was twice longer than the minor axis length for the 73 

majority of the rain cells, and the direction distribution was uniform. When studying in the majority of 74 

the rain cells. 75 

Since the horizontal dimensionslate 1990s, observations of the precipitation systems, Nesbitt et al. 76 

(2006) used the best-fit ellipse method to obtain the major axisradar (PR), visible and minor axis. 77 

However, due to the limitation of the swath width, some infrared scanner (VIRS) and TRMM microwave 78 

imager (TMI) aboard the TRMM satellite provided a wealth of data for systematical study cloud and 79 

precipitation (Kummerow et al., 1998, 2000; Nesbitt et al., systems were truncated.  The results 80 

indicated that there were obvious differences of storm morphology characteristics over land and ocean, 81 

which may lead to significant differences in regional precipitation simulation.2000; Viltard et al., 2000; 82 

Liu and Fu, 2001; He et al., 2006; Schumacher and Houze, 2003; Li and Fu, 2005; Liu and Fu, 2010; Fu, 83 

2014). With the massive data observed by PR, VIRS and TMI, Nesbitt et al. (2006), Liu et al (2007, 84 

2008), and Liu and Zipser (2013) investigated the different horizontal structures of convective 85 

precipitation systemsmade spick-and-span studies in the tropics and subtropics by using 14 years of 86 

Tropical Rainfall Measuring Mission (TRMM) Precipitation Radar (PR) observations combinedfield of 87 
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rain cell identification and its parameters with the best ellipseelliptic fitting method. They foundTheir 88 

rain cell data were also widely used on analyzing the temporal and spatial distribution characteristics of 89 

rain cell (Zhou et al., 2013; Yokoyama et al., 2014; Ni et al., 2015), such as that line shaped convective 90 

systems occurred more frequently over ocean, and showed higher frequency in the subtropics (Liu and 91 

Zipser, 2013). To continue reveal the characteristics of rain cell parameters, Fu et al. (2020) defined the 92 

geometric and physical parameters of rain cell, used the minimum bounding rectangle (MBR) method to 93 

identify the rain cell within the width of the PR scan, calculated these parameters and obtained their 94 

characteristics. The data of rain cell generated from MBR method was applied to study the morphological 95 

characteristics of rain cell in summer Tibetan Plateau (Chen et al., 2021). Cai et al. (2024) adopted the 96 

three methods, minimum circumscribed ellipse, minimum bounding rectangle and direct indexing area, 97 

for rain cell fitting. They also compared the geometric characteristics generated from the three methods.  98 

Fu et al. (2020)However, the rain cell data identified by MBR method need to add reflectivity and 99 

infrared temperature observed by VIRS and microwave bright temperature measured by TMI, which will 100 

give full play to the advantages of TRMM instruments. For the above purposes, our study merged 101 

observation data of PR, VIRS and TMI at PR pixel resolution, then used two methods, the minimum 102 

bounding rectangle (MBR) method and the best fit ellipse (BFE) method, to identify rain cells and studied 103 

the geometric and physical parameter characteristics of rain cells over tropical land and ocean areas with 104 

15-yr measurements of the TRMM PR. The study showed that the average rain rate of rain cells is more 105 

frequently related to the increase of area, and the increasing rate over land is greater than that over ocean. 106 

Chen et al. (2021) used the same cell and produce a new dataset in the above study to analyze the 107 

multidimensional morphological characteristics of with precipitation areas over the Tibetan Plateau in 108 

summer, and found that there is a close relationship between the morphological characteristics of 109 

precipitation areas and the intensity of precipitation. 110 

The investigation of the three-dimensional parameter, visible/infrared and microwave signal. The 111 

structure of rain cells is helpful to understand the thermodynamic structure and microphysical processes 112 

within precipitation systems (Houze, 1981; Zipser and Lutz, 1994; Yuter and Houze, 1995; Liu and Fu, 113 

2001). The PR onboard the TRMM provides an excellent opportunity to study the 3D structure of 114 

precipitation (Kummerow et al., this study is as follows: section 2 describes data and data1998, 2000; 115 

Nesbitt et al., 1999; Schumacher and Houze, 2003; Li and Fu, 2005), and the visible and infrared scanner 116 
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(VIRS) on the satellite can provide spectral signals and cloud parameters information on the top of 117 

precipitation clouds (Liu and Fu, 2010; Fu, 2014), the TRMM microwave imager (TMI) can provide 118 

information of different phase particles inside precipitation clouds (Viltard et al., 2000; He et al., 2006; 119 

Fu et al., 2021). 120 

Fu et al. (2007a) analyzed the characteristics of precipitating and non-precipitating clouds in typhoon 121 

Ranan occurred in August 2004 by matching and merging data measured by TRMM PR, TMI and VIRS.     122 

The result indicated that large particles are mostly in the precipitation cloud, and the effective radius 123 

distribution of non-precipitating cloud particles is relatively wide. Fu et al (2007b) utilized the results of 124 

multi-instrument measurements on TRMM to analyze several typical precipitation systems over the East 125 

Asia, and reveal the relationship of precipitation structure, lightning activities, precipitation cloud top 126 

and rainfall rate near surface. Liu et al (2008) established a precipitation feature database based on 9 127 

years of TRMM observation data, matching the VIRS and TMI observation results to PR pixels resolution. 128 

Subsequently, Liu et al (2009) used this database to study the contribution of warm rain systems to 129 

precipitation over the tropics and obtained the seasonal and spatial distribution of warm rain systems. 130 

This paper is merging the PR, VIRS, and TMI measurements at PR pixel resolution, and combining 131 

the rain cell methods, section 3 introduces rain cell identification method to establish a new precipitation 132 

parameter and visible/infrared and microwave signal dataset. Section 2 describes the data and merging 133 

methods. Section 3 introduces the definition method of rain cells and identification method. Section, 134 

section 4 defines the geometric and physical parameters of rain cells. In Section 5, the statistical results 135 

of rain cell parameters are given and the structures of, section 5 analyzes two typical rain cells are 136 

analyzedin geometric and physical parameters. Access to the datasets is introduced in Sect.section 6, and 137 

conclusions are presented in Sect.section 7. 138 

2 Data 139 

2.1 Tropical Rainfall Measuring Mission 140 

The TRMM was jointly developed by the US National Aeronautics and Space Administration (NASA) 141 

and the Japan Aerospace Exploration Agency (JAXA) and launched on November 27, 1997. The TRMM 142 

is a non-solar synchronous polar-orbiting satellite with an orbital inclination of 35° and observes a 143 

location between 38° S and 38° N (Simpson et al., 1996; Kummerow et al., 1998, 2000). The satellite 144 

carries five instruments: PR, VIRS, TMI, the Lighting Imaging Sensor (LIS), the Cloud and Earth 145 
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Radiant Energy Sensor (CERES). This study mainly involves the measurements of TRMM PR, VIRS, 146 

and TMI.  147 

 148 

2.21 PR anddata 2A25 dataset 149 

The PR was the first spaceborne precipitation radar onboard the TRMM. It is a single-frequency 150 

microwave radar with a frequency of 13.8 GHz (Kummerow et al., 1998; Kozu et al., 2001). PR scans in 151 

the cross-track direction with a scanning inclination of 17°. There are 49 pixels on each scanning line. 152 

The horizontal resolution is about 4.3 km at nadir (5.0 km after the orbital boost), and the scanning width 153 

is 215 km (245 km after the orbital boost). It can detect the three-dimensional structure of precipitation 154 

from mean sea level to 20 km (a total of 80 layers) with a vertical resolution of 0.25 km. 155 

The 2A25 data is the second-level data product of the TRMM PR, which is generated by inverting the 156 

echo signals detected by the PR. This dataset mainly includes scanning time, geographic information, 157 

three-dimensional rain rate, rain type and so on (Awaka et al., 1997). The detection sensitivity of the PR 158 

is about 17 dBZ, corresponding to the rain rate of about 0.4 mm h−1 (Schumacher and Houze, 2003). 159 

Therefore, when the rain rate of the pixels is lower than 0.4 mm h−1, the default value is set and will 160 

not be involved in the calculation. 161 

 162 

2.32 VIRS anddata 1B01 dataset 163 

The VIRS scans in the cross-track direction with a scanning angle of 45°. There are 261 pixels on each 164 

scanning line. The scanning width is 720 km (833 km after the orbital boost), and the horizontal 165 

resolution is 2.2 km at nadir (2.4 km after the orbital boost). It has five channels from visible to the far 166 

infrared band: CH1 (0.63 μm), CH2 (1.6 μm), CH3 (3.7 μm), CH4 (10.8 μm) and CH5 (12.0 μm). The 167 

1B01 is a first-level data product of VIRS, which includes the reflectivity at CH1 and CH2, the infrared 168 

radiation brightness temperature at CH3, CH4, and CH5 after the correction and calibration of the VIRS 169 

detection results. 170 

The 1B01 is a first-level data product of VIRS, which includes the reflectivity (RF1, RF2) and the 171 

infrared radiation brightness temperature (TB3.7, TB10.8, TB12.0) after the correction and calibration of 172 

the VIRS detection results. 173 
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 174 

2.43 TMI anddata 1B11 dataset 175 

The TMI is a nine-channel passive microwave radiometer with five frequencies spanning from 10 to 85 176 

GHz. The microwave signal frequencies are 10.65 GHz, 19.35 GHz, 21.3 GHz, 37.0 GHz, and 85.5 GHz, 177 

except for 21.3 GHz, which is a single vertical polarization channel. The other four frequencies are 178 

horizontal (H) and vertical (V) polarization dual channels. The scanning width is 760 km (878 km after 179 

the orbital boost). The horizontal resolution of each frequency channel (effective field of view of beam, 180 

Kummerow et al., 1998) varies from 63 km × 37 km at 10.65 GHz to 7 km × 5 km at 85.5 GHz. The 181 

1B11 data contains the calibrated TMI-detected microwave brightness temperature at multiple channels. 182 

 183 

2.5 4 The merged data of 2A25, 1B01 and 1B11 merged data 184 

To comprehensively analyze the parameters of precipitation, cloud top spectral signal and particle phase 185 

in the cloud precipitation system, the rain rate profile and echo profile of 2A25, the reflective and infrared 186 

temperature of 1B01 and , and the microwave brightness temperature of 1B11 data products (derived 187 

from the TRMM PR, VIRS and TMI, respectively) were matched and collocated in PR horizontal 188 

resolution and produced a merged. Due to  data. The reason for that is because the difference in data 189 

detection methods, the spatial resolution is different for of the three instruments, but the time lag between 190 

detections of observation among the three instruments to the same target is less than 1 min. It provides 191 

the possibility of data merging because of 1min, i.e. the quasi-synchronous detection. In this paper, we 192 

default to the consistency of time during data merging, only considering spatial merging. Based on the 193 

pixel resolution of PR detection, VIRS and TMI are matched to corresponding pixels according to latitude 194 

and longitudeobservations (Liu et al., 2008; Fu et al., 2011; Sun and Fu, 2021). 195 

For the PR and VIRS, in order to obtain the spectral signals (reflectivity and infrared radiation 196 

brightness temperature) near the precipitation cloud top, the horizontal resolution of 1B01 pixel is 197 

decreased to make it consistent with 2A25. Generally, there are usually  Statistics showed about 7 VIRS 198 

pixels near 1 PR pixel. The specific method is to introduce the Gaussian function. The spectral signals 199 

are calculated by weighted averaging the VIRS near the PR pixel.within 1 PR pixel. It was found that the 200 

spectral signals of VIRS changed weakly after merging, the mean change was less than 0.7 %, and the 201 
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mean square deviation was less than 2.5 % (Fu et al., 2011). Sun and Fu (2021) considered the merging 202 

process between the PR and VIRS pixels was no dramatic variations on the original data, and the 203 

conclusions were consistent with Fu et al. (2011). 204 

For TMI, the measured values in different bandsDue to TMI channels have different spatial resolutions. 205 

In order that is larger than PR pixel resolution, the nearest neighbor method was used to obtain the 206 

microwave radiation brightness temperature inat PR pixel resolution, it is necessary to increase the 207 

horizontal resolution of 1B11 pixels to make it consistent with the resolution of 2A25 pixels. By using 208 

the nearest neighbor method,i.e. each PR pixel iswas assigned the microwave brightness temperatures of 209 

nine channels a TMI pixel closest to itthe PR pixel (Liu et al., 2008). 210 

3 AlgorithmThe algorithm of rain cell identification 211 

Previous studies have pointed out that the measurements of PR are inevitably affected by the swath 212 

truncation effect due to the limitation of the PR detection orbit. Nesbitt et al. (2006) analyzed 3-year 213 

TRMM PR data and concluded that nearly 42% of total rainfall is affected by the swath truncation. Liu 214 

and Zipser (2013) showed that due to the influence of swath truncation, the parameters described rain 215 

cell would be distorted and the captured precipitation systems would be incomplete. Fu et al. (2020) 216 

defined rain cell as neighboring rain pixels with at least 0.4 mm h−1 near-surface rain rate or 17 dBZ 217 

reflectivity by using the PR data. The rain cells affected by the swath truncation were removed in the 218 

study, and the rain cells completely detected by PR swath were retained. 219 

This paper also adopts the same definition and elimination method of rain cellscell in this study is the 220 

same as that proposed by Fu et al. (2020), i.e. a rain cell consists of at least four (2020). Firstly, using the 221 

eight-connected region method identifies the continuous region of rainrain pixels within the swath of PR 222 

scan. According to the working mode of PR, its swath consists of 49 pixels. For example, for any rain 223 

pixel A, iteratively search its neighboring pixels (a total of 8 pixels). If one or more of them are also rain 224 

pixels (marked as B, C, …), A, B, C and … are  (from number 1 to 49), so if the identified as the same 225 

rain cell. Then, the search process is repeated for B, C, … rain has pixels until all adjacent pixelsat the 226 

edge of any rainthe PR swath (the first pixel inand 49th pixel), the rain cell are non-precipitation pixels. 227 

Upon completion of the identification process for a rain cell,is not included. If the identified rain cell is 228 

numbered. Secondly, the rain pixel swath truncation identification and the elimination of micro-rain cells 229 
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(less than 4 pixels) are executed.at the beginning and end of the PR swath, the rain cell is also eliminated. 230 

The identified rain cells are systematically traversed. When a rain cell edge is identified as located at the 231 

edge of the track, itadvantage of this is defined as a truncated rain cell. If the number of pixels in a rain 232 

cell is less than 4, it is defined as a micro rain cell. The above rain cells will be removed (Chen, 2019). 233 

to avoid the truncation effect of PR swath. To describeautomatically identify rain cell in the shape 234 

ofmerged data, the rain cell,best fit ellipse (BFE) method and the minimum bounding rectangle (MBR) 235 

rain cell identification method and the best fit ellipse (BFE) rain cell identification method are method 236 

were used to identify the rain cell. The MBR rain cell identification method is to find the. The two 237 

methods can calculate an ellipse and a rectangle with the smallest area covering the target object (rain 238 

cell), respectively, as did by Nesbitt et al. (2006) and Fu et al. (2020). ) by rotating the external rectangle 239 

(Fu et al., 2020). The BEF rain cell identification method fits the most suitable elliptical shape wrapped 240 

rain cell according to the polygonal connection frame of the outer boundary of the rain cell (Nesbitt et 241 

al., 2006). 242 

4 Definitions of parameters of rain cell 243 

We define some The slight differences of geometric and parameters calculated by MBR method and BFE 244 

method show in the length and width of rain cell, while the physical parameters to describecalculated by 245 

the both methods are the same. The rain cell parameters identified rain cells (by the two methods 246 

presented in this study can be used by studies according to their own preferences. 247 

4 The definitions of rain cell parameters 248 

The definition of geometric and physical parameters describing the identified rain cell was almost the 249 

same as that of Fu et al., . (2020). The specific geometric parameters arewere listed in Table 1, wherein 250 

which the first six parameters are calleddescript the horizontal geometric parametersgeometry of rain cell 251 

and the rest aredo the vertical geometric parameters. The differences in geometricgeometry. These 252 

parameters of the MBR method and the BFE method are studied. Where have a clear physical meaning, 253 

such as α  represents the horizontal shape of the rain cell, a small (large) α  indicates that the two-254 

dimensionalhorizontal shape of the rain cell is more like a strip (square) precipitation system, and has 255 

more (less) correlation with a frontal precipitation system. The variable β expresses the ratio of the rain 256 

cell area (𝑆𝑟𝑎𝑖𝑛)Srain) to the area of the identificationMBR or BFE frame (𝑆S), and characterizes the 257 
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internal organization within theeffectiveness of both methods used to identify rain cell. Large (small) β 258 

suggests that those rain pixels are more (less) compactly organized, and are more (less) likely to be 259 

associated with strong convective systems.indicates more (less) rain pixels inside the MBR or BFE frame. 260 

The variables 𝛾maxγmax  and 𝛾avγav  represent the three-dimensional spatial shape of the rain cell. 261 

Small 𝛾maxγmax  (𝛾avγav ) indicates a ssquatty  appearance of rain cell, in contrast to a slanky  262 

appearance for large 𝛾maxγmax (𝛾avγav).  263 

 264 

Table 1. Definitions of geometric parametersGeometric parameter definitions of rain cell. by the minimum 265 

bounding rectangle (MBR) method and the best fit ellipse (BFE) method 266 

SymbolParameters in MBR method Geometric meaning of 

rectangleParameters in BFE 

method 

Geometric meaning 

of ellipse 

𝐿 (km)Lr (km), length 𝑟𝐿(km)  

Length of the MBR 

method 

𝑒𝐿(Le (km)  

Length), length of the major axis of the BFE method 

𝑊 (km)Wr (km), width 𝑟𝑊(km)  

Width of the MBR 

method 

𝑒𝑊(We (km)  

Width), length of the minor axis of the BFE method 

𝛼 𝑟𝛼   

Horizontal shape of 

rain cell, 𝑟𝛼 = 𝑟𝑊/

𝑟𝐿αr , horizontal shape 

index, αr = Wr/Lr 

𝑒𝛼  

Horizontal shape of rain cell, 𝑒𝛼 = 𝑒𝑊/𝑒𝐿αe , 

horizontal shape index, αe = We/Le 

𝑆𝑟𝑎𝑖𝑛 (km2)  Area of the rain cell, sum of all areas of rain pixels 

𝑆Sr (km2)) , MBR area, 

Sr = Lr ∗ Wr 

𝑟𝑆(km2)  

Area of the MBR 

method, 𝑟𝑆 = 𝑟𝐿 ∗ 𝑟𝑊 

𝑒𝑆(km2)  

Area of the BFE method, 𝑒𝑆 =
𝜋

4
∗ 𝑒𝐿 ∗ 𝑒𝑊Se (km2), 

BFE area, Se =
π

4
∗ Le ∗ We 

βr, filling ratio, βr = Srain/Sr βe, filling ratio, βe = Srain/Se 

𝛽 𝑟𝛽  

Filling ratioSrain (km2), rain area, sum of theall rain pixel 

areas in rain cell, 𝑟𝛽 = 𝑆𝑟𝑎𝑖𝑛/𝑟𝑆 

𝑒𝛽  

Filling ratio of the 

rain cell, 𝑒𝛽 =

𝑆𝑟𝑎𝑖𝑛/𝑒𝑆 

𝐻max (km) MaximumHmax (km), maximum echo top height among rain pixels in the rain 

cell 

𝐻av (km) MeanHav (km), mean echo top height averaged among rain pixels in the rain cell 

𝛾max Maximumγmax , maximum spatial morphology, 𝛾max = 𝐻max/𝐿  index of rain 

cell, γmax = Hmax/L 

𝛾av Meanγav, mean spatial morphology, 𝛾av index of rain cell, γav = 2𝐻av/(𝐿 +

𝑊Hav/(L + W) 

𝐻avc (km) MeanHavc (km), mean echo top height of convective precipitation in the rain cell 
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𝐻avs (km) MeanHavs (km), mean echo top height of stratiform precipitation in the rain cell 

H_dBZmax (km), height of the maximum reflectivity factor in rain cell 

μ, ratio of the maximum reflectivity factor height to the maximum echo top height in rain cell 

 267 

Since the The physical parameter definitions of rain cell dataset contains the measurements of multiple 268 

instruments, we define some physical parameters (by MBR method and BFE method were listed in Table 269 

2) based on including rain type, rain rate profiles, near surfaceprofile, reflectivity factor profile, mean 270 

rain ratesrate, visible reflectivity and infrared brightness temperature, microwave brightness temperature 271 

and so on. Those parameters are significant to represent the intensity, the inhomogeneity, and the 272 

evolution stage of rain cellscell. 273 

 274 

Table 2. Definitions of physical parametersPhysical parameter definitions of rain cell by the minimum 275 

bounding rectangle (MBR) method and the best fit ellipse (BFE) method. 276 

Symbol Physical meaning 

RRave (mm h−1) Mean rain rate obtained by averaging all rain rates within thein rain cell 

RRmax (mm h−1) Maximum rain rate among rain pixels of thein rain cell 

RRavc (mm h−1) Mean convective rain rate averaged by all convective rain rates withinin rain cell 

RRavs (mm h−1) Mean stratiform rain rate averaged by all stratiform rain rate withinin rain cell 

RRmaxc (mm h−1) Maximum rain rate amongof convective pixels of theprecipitation in rain cell 

RRmaxs (mm h−1) Maximum rain rate amongof stratiform pixels of theprecipitation in rain cell 

CAF (%) Fraction of convectiveConvective area fraction to total precipitation area within 

thein rain cell 

SAF (%) Fraction of stratiformStratiform area fraction to total precipitation area within 

thein rain cell 

CPC (%) Convective precipitation contribution to total precipitation within thein rain cell 

SPC (%) Stratiform precipitation contribution to total precipitation within thein rain cell 

dBZmax (dBZ) Maximum radar reflectivity factor among rain pixels of thein rain cell 

H_dBZmax (km) Height of the maximum radar reflectivity factor among rain pixels of the rain cell 

RFave Mean reflectivity obtained by averaging all reflectivities of VIRS visible or near 

infrared channel within thein rain cell 

RFavc Mean convective reflectivity averaged by all convective reflectivities of VIRS 

visible or near infrared channel within thefor convective precipitation in rain cell  

RFavs Mean stratiform reflectivity averaged by all stratiform reflectivities of VIRS 

visible or near infrared channel within thefor stratiform precipitation in rain cell  

TBave (K) Mean brightness temperature obtained by averaging all brightness temperatures 

of VIRS mid-infrared and far-infrared, TMI channel within thein rain cell 
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TBavc  (K) Mean brightness temperature averaged by allof VIRS mid-infrared and far-

infrared, TMI channel for convective brightness temperatures of channel within 

theprecipitation in rain cell  

TBavs  (K) Mean brightness temperature averaged by allof VIRS mid-infrared and far-

infrared, TMI channel for stratiform brightness temperatures of channel within 

theprecipitation in rain cell  

 277 

5 Results 278 

5.1 Statistics of rain cellPrecipitation parameters of rain cell 279 

In this study, we select two methods for identifying rain cells. It is important to note that the choice of 280 

identification method may influence the results of parameters. Taking the two rain cells shown in Figure 281 

1 as example, they locate on the southern slope of the Tibetan Plateau (orbit 08691 on 2 June, 1999) and 282 

the eastern part of the Tibetan Plateau (orbit 31787 on 13 June, 2003), respectively. Table 3 shows the 283 

calculated horizontal geometric parameters of the rain cells displayed in Fig. 1. 284 

The first case shown in Fig. 1a is calculated by the MBR method with 𝑟𝐿 = 290.86 km, 𝑟𝑊 = 140.29 285 

km, 𝑆𝑟𝑎𝑖𝑛  = 10223.5 km2, 𝑟𝑆 = 40803.36 km2, and 𝑟𝛽  = 0.25, which shows a strip shape (𝑟𝛼  = 0.48). 286 

For the second case (Fig. 1b), 𝑟𝐿 ,  𝑟𝑊 , 𝑆𝑟𝑎𝑖𝑛  , 𝑟𝑆 , and 𝑟𝛼   are 169.57 km, 76.18 km, 4496.4 km2 , 287 

12917.48 km2, and 0.45, respectively. In addition, the filling ratio in the second case (0.35) is slightly 288 

larger than that in the first case (0.25), resulting in a more compact rain cell system overall. 289 

 290 
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 291 

Figure 1. Near surface rain rate of two rain cells that occurred on 2 JuneIn order to better understand the 292 

geometric and physical parameters of the defined rain cell identified by MBR method and BFE method, 293 

two rain cells were analyzed below. One identified rain cell A, occurred on 2 June, 1999 in southern 294 

Tibetan Plateau (TRMM orbit 08691), and the other, rain cell B, on 13 June, 2003 in eastern Tibetan 295 

Plateau (TRMM orbit 31787). Figure 1 shows the distribution of rain rate and rain type for the two rain 296 

cells, the frame of both MBR and BFE is also plotted, which clearly showed the length and width of 297 

MBR method, and the long and short axis of BFE method. Statistics of parameters for the two rain cells 298 

shows in Table 3. Figure 1a shows that rain cell A identified by MBR method has length 290.86 km (Lr), 299 

width 140.29 km (Wr), rain area 10223.5 km2 (Srain), MBR area 40803.36 km2 (Sr), and filling ratio 300 

0.25 (βr). The horizontal shape index is 0.48 (αr), which indicates rain cell A with a strip like shape. The 301 

rain cell A identified by BFE method (Figure 1c) has length 347.63 km (Le), width 139.94 km (We), rain 302 

area 10223.5 km2 (Srain), BFE area 38207.27 km2 (Se), and filling ratio 0.27 (βe). The horizontal shape 303 

index is 0.4 (αe), which also indicates rain cell A with a strip like shape. The rain cell B identified by 304 

MBR method and BFE method showed in Figure 1b and 1d, its parameters listed in Table 3 show it 305 
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slightly like strip shape. 306 

The vertical parameters of the both rain cells identified by the both methods listed in Table 3 show no 307 

differences in method because statistics were made in rain pixels inside rain cell. Comparing rain cell A 308 

and B, the latter has higher echo top (Hmax  = 17.75 km, Hav  = 9.47 km), and shows like slanky  309 

appearance (γmax  = 0.11, γav  = 0.08). In rain cell B, the mean echo top height of convective 310 

precipitation and stratiform precipitation, 10.39 km and 7.96 km, is also higher than that in rain cell A, 311 

which indicates that the updraft velocity within rain cell B is strong and the precipitating cloud is deep. 312 

The ratio of the maximum reflectivity factor height to the maximum echo top height μ is 0.37 and 0.15 313 

for rain cell A and B, respectively. Combining γmax and μ it can be concluded that rain cell B is a deep 314 

precipitation system with large particles in the lower part of cloud. 315 

 316 

Figure 1. Two rain cells occurred on June 2, 1999 (a) and on 13 June 13, 2003 (b) measured by PR. In: rain 317 

rate (a and b) and rain type (c, and d), rain pixels with , blue, red, and green represent for stratiform, 318 

convective, and other precipitation, respectively). The two rain cells in up panel were identified by MBR 319 

method, in bottom by BFE method. GCr and GCe represent for geometric center of rain cell identified by 320 

MBR method and BFE method, respectively. The identification boxes are captured by the MBR method (a, 321 

b) and the BFE method (c, d) for two rain cellsThe gray level in the figure represents the elevation of the 322 

带格式的: 段落间距段后: 10 磅
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terrain. 323 

 324 

The first case (Fig. 1c) is calculated by the BFE method with 𝑒𝐿 = 347.63 km, 𝑒𝑊 = 139.94 km, 𝑒𝑆 325 

= 38207.27 km2, 𝑒𝛼 = 0.4, and 𝑒𝛽 = 0.27. For the second case (Fig. 1d), 𝑒𝐿, 𝑒𝑊, 𝑒𝑆, 𝑒𝛼, and 𝑒𝛽 are 326 

170.66 km, 76.76 km, 10289.43 km2, 0.45, and 0.44, respectively. Based on the horizontal geometric 327 

parameters of rain cells captured by the MBR and BFE method, it is evident that the area of the 328 

rectangular box is larger than that of the ellipse box. This difference in area results in a smaller filling 329 

ratio for the MBR method as compared to the BFE method. There is no significant difference between 330 

the two methods in terms of other geometric parameters. In practical application, compared with the BFE 331 

method, the MBR method can greatly simplify the amount of data storage. Moreover, the MBR method 332 

can envelop all the pixels of the rain system, which works better than the BFE method in bow 333 

precipitation and small precipitation system (Chen, 2019). 334 

 335 

Table 3. The horizontal geometric parameters of the first/second case calculated by MBR and BFE. 336 

The physical parameters of the both rain cells identified by the both methods were listed in Table 4. 337 

PR observation showed that the mean rain rate RRave and the maximum rain rate RRmax of rain cell 338 

B were 11.64 mm h−1 and 113.14 mm h−1, respectively, and rain cell A was a relatively weak rain cell. 339 

The defined physical parameters also showed that the mean convective rain rate is 5.52 mm h−1  and 340 

17.35 mm h−1, the mean stratiform rain rate 1.16 mm h−1 and 2.31 mm h−1, for rain cell A and B, 341 

respectively. The defined CAF (convective area fraction to total precipitation area) and SAF (Stratiform 342 

area fraction to total precipitation area) are 2.56 %/62.01 % and 97.3 %/37.99 % in rain cell A/B, while 343 

CPC (convective precipitation contribution to total precipitation) and SPC (stratiform precipitation 344 

contribution to total precipitation) are 11.14 %/92.46 % and 88.79 %/7.54 % in rain cell A/B. This 345 

indicates that rain cell B is a convective cell while rain cell A is a stratiform rain cell. Actually, the rain 346 

cell B has the maximum reflectivity factor 57.81 dBZ (dBZmax) listed in Table 4 against 36.38 dBZ for 347 

rain cell A. 348 

Table 3. The geometric parameters of rain cell A and B calculated by MBR method and BFE method. 349 

RectangleMBR method EllipseBFE method 

𝑟𝐿(𝑘𝑚) Lr (km)  290.86/169.57 𝑒𝐿(𝑘𝑚Le (km) 347.63/170.66 

𝑟𝑊(𝑘𝑚)Wr (km) 140.29/76.18 𝑒𝑊(𝑘𝑚We (km) 139.94/76.76 

𝑟𝛼αr  0.48/0.45 𝑒𝛼αe  0.4/0.45 
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𝑆𝑟𝑎𝑖𝑛(km2)Srain (km2) 10223.50/4496.40 𝑆𝑟𝑎𝑖𝑛(km2)Srain (km2) 10223.50/4496.40 

𝑟𝑆(km2Sr (km2)  40803.36/12917.48 𝑒𝑆(km2Se (km2)  38207.27/10289.43 

𝑟𝛽 βr  

Hmax(km)                          

Hav (km) 

γmax 

γav 

Havc (km) 

Havs (km) 

H_dBZmax (km) 

μ 

0.25/0.35 

8.75/17.75 

5.59/9.47 

0.03/0.11 

0.03/0.08 

5.76/10.39 

5.58/7.96 

3.25/2.75 

0.37/0.15 

𝑒𝛽βe  0.27/0.44 

8.75/17.75 

5.59/9.47 

0.03/0.11 

0.03/0.08 

5.76/10.39 

5.58/7.96 

3.25/2.75 

0.37/0.15 

 350 

The results of the parameter calculations shown in Table 4 are not affected by the rain cell identification 351 

method. For the first case, the 𝐻max = 8.75 km, 𝐻av = 5.59 km, 𝛾max = 0.03, and 𝛾av = 0.026 show 352 

that the vertical scale of the rain cell is at least one order of magnitude smaller than the horizontal scale. 353 

The rain cell has RRave = 1.27 and RRmax = 8.08 mm h−1, respectively. The parameters of CAF = 354 

2.6 %, SAF = 97.3 %, CPC = 11% and SPC = 89% indicate that the rain cell is primarily composed of 355 

stratiform precipitation. The maximum radar reflectivity factor (dBZmax) is 36.38 dBZ, and the relative 356 

height (H_dBZmax) is 3.25 km. According to the merged data of VIRS and TMI instruments, the RF1ave, 357 

TB10.8_ave,  TB19GHz_H_ave, TB85GHz_H_ave are 0.72, 253.65 K, 260.61 K, and 254.44 K, respectively. 358 

These parameters indicate that the stratiform rain cell has less precipitation and weak development. 359 

 360 

Table 4. The vertical geometric and physical parameters of the first/second case. 361 

Table 4. The physical parameters of rain cell A and B calculated by MBR method and BFE method. 362 

Vertical parameter Physical parameter 

𝐻max(km) 8.75/17.75 RRave (mm h−1) 1.27/11.64 RF1ave 0.72/0.69 

𝐻av (km) 5.59/9.47 RRmax (mm h−1) 8.08/113.14 RF1avc 0.73/0.66 

𝛾max 0.03/0.11 RRavc (mm h−1) 5.52/17.35 RF1avs 0.72/0.73 

𝛾av 0.03/0.08 RRavs (mm h−1) 1.16/2.31 TB10.8_ave (K) 253.65/222.96 

𝐻avc (km) 5.76/10.39 RRmaxc (mm h−1) 8.08/113.14 TB10.8_avc  (K) 252.42/221.51 

𝐻avs (km) 5.58/7.96 RRmaxs (mm h−1) 4.45/11.87 TB10.8_avs  (K) 253.68/225.31 

  CAF (%) 0.03/0.2.56/62.01 TB19GHz_H_ave (K) 260.61/276.75 

  SAF (%) 0.97/0.38.3/37.99 TB19GHz_H_avc  (K) 258.38/275.79 

  CPC (%) 0.11/0..14/92.46 TB19GHz_H_avs  (K) 260.66/278.32 

  SPC (%) 0.89/0.0888.79/7.54 TB85GHz_H_ave (K) 254.44/219.11 

  dBZmax (dBZ) 36.38/57.81 TB85GHz_H_avc  (K) 252.84/212.72 

  H_dBZmax (km) 3.25/2.75 TB85GHz_H_avs  (K) 254.49/229.53 

 363 
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For the second case, the 𝐻max and 𝐻av are 17.75 km and 9.47 km. The parameters 𝛾max = 0.11 and 364 

𝛾av = 0.08 are slightly larger than those in the first case, indicating that the second rain cell is slightly 365 

taller than the first one. The parameters RRave and RRmax are 11.64 and 113.14 mm h−1 at this rain 366 

cell, respectively, which are much larger than those in the first case. In addition, CPC (SPC) in the second 367 

case has a value of 92% (8%), larger (smaller) than that in the first case. This indicates that the rain cell 368 

in the first case has a greater proportion of stratiform precipitation in the total precipitation (89%), while 369 

the second rain cell has a higher proportion of convective precipitation (92%). The parameters dBZmax 370 

and H_dBZmax are 57.81 dBZ and 2.75 km, respectively. Compared with the first case, this case has 371 

more precipitation and strong convective regions locate in lower layers. Furthermore, RF1ave  has a 372 

value of 0.69, slightly larger than that in the first case. Except for TB19GHz_H_ave  = 276.75 K, the 373 

TB10.8_ave = 222.96 K and TB85GHz_H_ave = 219.11 K are smaller than the first case. This indicates that 374 

the brightness temperature near the cloud top of the rain cell is relatively low, while the convection 375 

develops vigorously and there is a higher concentration of ice particles within the cloud. 376 

 377 

5.2 Structure of rain cell 378 

 379 

In order to further understand the rain cells, the structural distribution of rain cells is given in this section. 380 

We also compare the distribution of relevant parameters between the original datasets and the merged 381 

datasets. Figure 2 presents the signals detected by the visible, and thermal infrared channels of VIRS 382 

onboard TRMM. The solid black line represents the TRMM PR scan track, while the solid red line is the 383 

rectangular box of the rain cell. The reflectivity at 0.63 μm is primarily related to cloud optical thickness 384 

(COT), and the higher the COT value, the greater the reflectivity. The equivalent brightness temperature 385 

of a blackbody at 10.8 μm indicates the height of cloud top, and the higher the cloud top, the lower the 386 

brightness temperature of the infrared channel (Luo et al., 2020). 387 

 388 



18 

 

 389 

5.2 VIRS and TMI signals of rain cell 390 

Since TRMM PR, VIRS and TMI observed the same target in spatiotemporal synchronization, the spatial 391 

distribution of visible reflectivity (0.63 μm) and far-infrared brightness temperature (10.8 μm) for the 392 

two rain cells can be given as shown in Figure 2. The figure also shows the rain cell area identified by 393 

MBR method and BFE method, which indicates many strips of reflectivity (larger than 0.8) and uniform 394 

distribution of brightness temperature (varying from 240 to 250 K) for rain cell A, while rain cell B 395 

consists of two convective clouds with reflectivity greater than 0.85 and brightness temperature lower 396 

than 220 K. Table 4 also shows the calculated mean visible reflectivity RF1ave for the two rain cells 397 

(0.72 and 0.69, respectively). The mean visible reflectivity of convective/stratiform precipitation 398 

RF1avc/RF1avs for the two rain cells are 0.73/0.72 and 0.66/0.73, respectively. The large reflectivity 399 

values indicate that the cloud optical thickness at the top of the two rain cells are large. The mean 400 
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brightness temperature at VIRS channel 10.8 μm (TB10.8_ave) shows 253.65 K and 222.96 K for the two 401 

rain cells, which indicates that rain cell B has a higher cloud top, i.e. ice phase distributed at cloud top. 402 

While the cloud top of rain cell A has ice-liquid mixed phase. The signals of VIRS channels can be used 403 

to retrieval cloud parameters. The retrieval algorithms were studied and reviewed by many authors 404 

(Nakajima and King, 1990; Rossow and Garder, 1993; Han et al., 1994; Rossow and Schiffer, 1999; Fu, 405 

2014). 406 

 407 

Figure 2. The reflectivity distribution of (a, visible channel at 0.63 μm (a and b) RF1 and (c, d) 𝐓𝐁𝟏𝟎.𝟖 for 408 

two precipitation cases. The solid black line is the TRMM PR scanning track and the solid red line is the 409 

rectangular box of rain cell. 410 

 411 

In Fig. 2a, the reflectance of the visible channel in the rectangular box generally exceeds 0.6, with 412 

certain areas exhibiting values above 0.8. This suggests that the COT of certain areas of the stratiform 413 

rain cell is large. In addition, the brightness temperature of the 10.8 μm is mainly between 240-260 K 414 
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(Fig. 2c), with low cloud development. There are two central regions with RF1 higher than 0.8 and 415 

corresponding TB10.8 below 220 K (Figs. 2b, d). This suggests that there are many large-sized and deep 416 

ice cloud droplets dominating in the central region of the convective rain cell, with high cloud 417 

development. This analysis indicates that the signals obtained by TRMM/VIRS has strong detection 418 

ability for the cloud-top structure, and can have a good understanding of the development of the rain cell. 419 

According to the theory of microwave remote sensing, the frequency of 10-23 GHz is sensitive to liquid 420 

water particles in the cloud, and the frequency of 36-89 GHz is sensitive to liquid and solid particles (ice 421 

or snow) in the cloud (Petty, 1994a, 1994b; Fu et al., 2021). Figure 3 shows the brightness temperature 422 

distribution of the 19 GHz and 85 GHz horizontal polarization channels observed by the TMI. The outline 423 

of rain cells cannot be clearly observed for the two cases in Figs. 3a, b, because the emission signal of 424 

precipitation particles in the cloud is drowned by the surface emission signal, which is why passive 425 

microwave low-frequency signals cannot invert the land surface precipitation (Fu et al., 2021). Figure 3c 426 

shows TB85GHz_H, which ranges between 240 and 260 K. The outline of the rain cell can be roughly 427 

observed. The TB85GHz_H of two convective central zones in rain cell are around 200-220 K (Fig. 3d), 428 

indicating that ice-phase particles are more abundant in the convective precipitation cloudsfar-infrared 429 

channel at 10.8 μm (c and d) for the two cases observed by VIRS (Visible and Infrared Scanner). The solid 430 

black line is PR (Precipitation Radar) scanning track. The red solid rectangle and blue dash ellipse represent 431 

for the area of rain cell identified by MBR method and BFE method, respectively. 432 

 433 
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 434 

Figure 3. The same as Fig. 2, but for the (a, b) 𝐓𝐁𝟏𝟗𝐆𝐇𝐳_𝐇 and (c, d) 𝐓𝐁𝟖𝟓𝐆𝐇𝐳_𝐇. 435 

 436 

Figure 4 shows the distribution of parameters in the rain cells merged dataset. The stratiform rain cell 437 

shown in the first case (Fig. 4a) has a uniform distribution of precipitation, with the maximum rain rate 438 

exceeding 4 mm h−1. However, the convective rain cell in the second case (Fig. 4b) presents a non-439 

uniform distribution, with large local variations, and the maximum rain rate can reach more than 20 440 

mm h−1. RF1 in the first case ranges between 0.6 and 0.8 (Fig. 4c). The value in the second case can 441 

exceed 0.8 in the area of heavy precipitation, and the corresponding COT is larger (Fig. 4d). TB10.8 442 

varies from 240 to 260 K in the first case, and the cloud top height of rain cell is uniformly distributed 443 

(Fig. 4e). While the TB10.8  in the center of heavy precipitation varies between 200-220 K, which 444 

suggests that the cloud top of the center region develops at a high altitude, whereas the altitude of the 445 

cloud system around it is relatively low (Fig. 4f). TB19GHz_H  for two cases cannot observe valid 446 
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information due to the surface emissivity. The TB85GHz_H varies uniformly from 240-260 K, which is 447 

close to the distribution of the TB10.8 (Fig. 4i). The region in the center of the strong precipitation in 448 

Fig. 4j is below 200 K, which indicates that the cloud interior contains more ice-phase particles. In a 449 

word, the merging process has no dramatic variations on the distribution of original data. 450 

 451 

 452 

Similar to Figure 2, the distribution of microwave brightness temperature observed by nine channels 453 

of TMI can be given. But for simplicity, Figure 3 only plotted the distribution of brightness temperature 454 

at TMI horizontal polarization channel 19.4 GHz and 85 GHz. At channel 19.4 GHz, rain cell A shows 455 
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relatively lower brightness temperature (from 250 to 280 K), rain cell B has higher brightness 456 

temperature (from 260 to 290 K). Because the low-frequency microwave channel is easily affected by 457 

the radiation on land surface, it can be judged that the temperature of land surface in rain cell A is lower 458 

than that in rain cell B. The brightness temperature of microwave high frequency channels is mainly 459 

affected by the composition of ice phase inside cloud, such as ice particles and supercooled water, while 460 

the influence of land surface radiation on these channels is weak. The more content of ice phase 461 

composition inside cloud, the lower brightness temperature at these high frequency channels. According 462 

to this principle, rain cell B shows low brightness temperature at 85 GHz in Figure 3d because the rain 463 

cell belongs to deep convective precipitation system. While rain cell A has more stratiform precipitation 464 

and less ice particles, so the brightness temperature at this same channel is higher. In Table 4, the mean 465 

brightness temperature at channel 19.4 GHz and 85 GHz also indicates the difference between the two 466 

rain cells, and the difference between the two rain types. The microwave brightness temperature of TMI 467 

channels can be used to retrieval cloud parameters such as ice water or liquid water or rain rate based on 468 

retrieval algorithms of previous studies (Grody, 1976; Grody et al., 1980; Liu and Curry, 1993; Petty, 469 

1994a, 1994b; Wang et al., 2009; Fu, 2021). 470 
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 471 

Figure 3. The brightness temperature distribution of microwave horizontal polarization channel at 19 GHz 472 

(a and b) and at 85 GHz (c and d) for the two cases observed by TMI (TRMM Microwave Imager). The solid 473 

black line is PR (Precipitation Radar) scanning track. The red solid rectangle and blue dash ellipse represent 474 

for the area of rain cell identified by MBR method and BFE method, respectively. 475 

In order to visually display the parameter distribution of rain cell A and B identified by MBR method 476 

and BFE method, Figure 4 shows the distribution of rain rate, reflectivity at VIRS visible channel, 477 

brightness temperature at VIRS thermal infrared channel, microwave brightness temperature at TMI low 478 

frequency and high frequency channel. It must be pointed out that both VIRS and TMI signals in Figure 479 

4 correspond to PR precipitation pixels (that is, signals corresponding to each resolution of PR pixel), 480 

and these signals are not given if there is no precipitation area in the rain cell. Therefore, the rain cell 481 

data established in this study facilitate the study of relationship among precipitation, visible/infrared and 482 

microwave signals.  483 
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A simple application is shown in Figure 5, which displays the multi-parameter distribution along the 484 

AB line and EF line in Figure 4a and 4b, respectively. The vertical cross sections of reflectivity factor 485 

(Figure 5a and 5b) show that rain cell A is shallow and weak precipitation, while rain cell B is deep 486 

convective precipitation. The strong echo (greater than 38 dBZ) of rain cell B displays higher, near to 16 487 

km. The visible reflectivity (Figure 5c and 5d) from the cloud tops of the two rain cells varies between 488 

0.4 and 0.8, and the reflectivity of the strong echo region in rain cell B is higher (greater than 0.6). The 489 

near infrared reflectivity (Figure 5c and 5d) varies from 0.1 to 0.4, which means there are a lot of ice 490 

particles inside cloud for the two rain cells. The infrared brightness temperature at VIRS channel 3.7 μm 491 

(Figure 5e and 5f) shows higher in rain cell A, relatively lower in rain cell B, which indicates the 492 

difference between the two rain cells. At VIRS channel 10.8 μm and 12.0 μm, rain cell A has uniform 493 

brightness temperature, one of the characteristics of cloud top for stratiform precipitation system, while 494 

rain cell B appears the characteristics of deep convective cloud top, high cloud top with low brightness 495 

temperature. For the four horizontal polarization channels of TMI (Figure 5i and 5j), the microwave 496 

brightness temperature of rain cell A is uniformly distributed, and the brightness temperature of each 497 

channel has little difference. In rain cell B, the brightness temperature at low-frequency channel, 10 GHz 498 

and 19 GHz, is also evenly distributed, and the brightness temperature at the two channels is higher than 499 

that in rain cell A, but the brightness temperature at channel 37 GHz and 85 GHz changes significantly. 500 

Corresponding to the strong echo region in Figure 5b, the brightness temperature of the two channels is 501 

low, indicating that there are more ice particles inside cloud in strong echo region of rain cell B. The 502 

above indicates that the established new data can be used to analyze the corresponding spectral and 503 

microwave characteristics of precipitating clouds. 504 
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 505 

Figure 4. The distributions of (a, b) the near-surface rain rate,  (a and b), reflectivity at channel 0.63 μm (c, 506 

and d) RF1,), brightness temperature at far-infrared channel 10.8 μm (e, and f) 𝐓𝐁𝟏𝟎.𝟖 ,), brightness 507 

temperature at horizontal channel 19 GHz (g, h) 𝐓𝐁𝟏𝟗𝐆𝐇𝐳_𝐇, and h) and at 85 GHz (i, and j) 𝐓𝐁𝟖𝟓𝐆𝐇𝐳_𝐇 for 508 

the two precipitation cases based on the merged datasetsdata. 509 

 510 

The distribution of radar reflectivity factor along the AB (as shown in the Fig. 4a) profile in Fig. 5a 511 

reveals that stratiform precipitation does not extend vertically beyond 8 km, with some areas exhibiting 512 

stratification. A shallow bright band is observed at a height of 4 km. The radar reflectivity factor of the 513 
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precipitation is generally below 32 dBZ, indicating weak precipitation activity. Figure 5c shows that the 514 

reflectivity of the 0.63 μm channel varies mainly between 0.5 and 0.8. The 1.6 μm channel varies between 515 

0.1 and 0.3, with these low signal levels further suggesting the presence of numerous ice-phase regions.  516 

The change in the brightness temperature profile shows that the top of the stratiform precipitation cloud 517 

has a higher temperature and correspondingly lower cloud top height (Fig. 5e). The microwave brightness 518 

temperature values vary uniformly between 250 and 270 K, which may be strongly influenced by the 519 

surface emissivity and thus may not serve as an accurate indicator (Fig. 5i). 520 

 521 

 522 
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 523 

Figure 5. The vertical cross sections of (a, b) the radar reflectivity factor, (a and b), reflectivity at VIRS channel 524 

0.63 μm and 1.60 μm (c, d) reflectivity, (e, and d), infrared brightness temperature at VIRS channel 3.7 μm, 525 

10.8 μm and 12.0 μm (e and f) infrared brightness temperatures, (i, j)), microwave brightness temperature at 526 

TMI horizontal channel 10 GHz, 19 GHz, 37 GHz and 85 GHz along the A-BAB line and E-FEF line as shown 527 

in Fig 4Figure 4a and 4b. 528 

 529 

Figure 5b shows that the radar reflectivity factor presents an uneven distribution in both vertical and 530 

horizontal directions due to the irregular movement of precipitation particles in the precipitation cloud 531 

with the airflow. The echo top height can reach up to 17 km, which also means that strong convection 532 

occurs here. In addition, the radar reflectivity factor of near-surface exceeds 38 dBZ, indicating heavy 533 

precipitation near the surface. RF1 varies from 0.3 to 0.9, which means that the COT is unevenly 534 

distributed. RF2 does not vary strongly, suggesting that the phase distribution in the cloud is uniform and 535 

mostly ice-phase particles (Fig. 5d). The brightness temperature of far-infrared in the region of strong 536 

convective development is lower than the other locations (Fig. 5f). Meanwhile, the height of the cloud 537 

top is higher in the corresponding region. TB10GHz_H  and TB19GHz_H  vary uniformly and does not 538 

respond well to precipitation. The low value area of the TB37GHz_H and TB85GHz_H tend to correspond 539 
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well to areas of strong precipitation, as shown by the location of the dotted dashes in Fig. 5j. There are 540 

often filled with a high concentration of ice-phase particles in the areas of strong precipitation, leading 541 

to strong scattering signal. 542 

 543 

6 Data availability 544 

The rain cell precipitation parameters dataset based on identification methods of MBR and BFE together 545 

with defined geometric and physical parameters to describe rain cell characteristics used in this study is 546 

accessible at https://doi.org/10.5281/zenodo.13118878. 547 

7 Conclusions 548 

In order to study the characteristics of geometric and physical parameters of rain cell, the basic unit in 549 

natural precipitation system, this study was inspired by earlier studies and made full use of the advantages 550 

of TRMM PR, VIRS and TMI observations, i.e. the precipitation profile of PR reflecting precipitation 551 

structure, the visible/ and infrared and signals of VIRS representing cloud top information, and the 552 

microwave signal datasets used in this paper are accessible at 553 

https://doi.org/10.5281/zenodo.8352587signals of TMI reflecting hydrometeors in cloud columns. By 554 

matching and merging these data at PR pixels, the minimum bounding rectangle (MBR) method and the 555 

best fit ellipse (BFE) method were used to identify rain cell within PR scanning width, and the geometric 556 

and physical parameters of the rain cell were defined, thus a new rain cell data was established. 557 

 558 

7 Discussion and conclusions 559 

We establish a new rain cell precipitation parameter and visible infrared and microwave signal dataset 560 

combining with the multi-instrument observation data on TRMM. PR provides the three-dimensional 561 

precipitation structure of the rain cell, VIRS provides the spectral signal of the top of the rain cell, and 562 

TMI provides the phase information of the particles inside the rain cell. The purpose of In this dataset is 563 

to promote the three-dimensional study of rain cell precipitation system, and reveal the spatial and 564 

temporal variations of the scale morphology and intensity of the system. 565 

First, we compare the difference between the MBR rain cell identification method and the BFE rain 566 
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cell identification method in describing rain cell shape. The two methods are mainly different in , the 567 

geometric parameters such as 𝐿, 𝑊, 𝛼, 𝑆, and 𝛽. According to the parameter calculation results, both 568 

methods can reflect the geometric characteristics of rain cells effectively. Compared with the MBR 569 

method, the BFE method can obtain the fitting result of the smallest rain cell area and its 𝛽 value is 570 

correspondingly larger than that of the MBR method. However, we adopt the MBR method to identify 571 

rain cells in the new dataset because it can simplify the data storage volume. 572 

Second, we calculate other parameters of two types of rain cell, including vertical geometric 573 

parameters (average cloud top(length, width, height, horizontal scale, spatial morphology, and so on) and 574 

physical parameters (average rain rate, maximumvisible reflectivity factor and its corresponding height, 575 

average visible reflectivity, average and thermal infrared brightness temperature, and so on). The 576 

statistical results show that the defined parameters can effectively reflect the three-dimensional 577 

morphology of rain cells and the development state of precipitation system, which can provide reference 578 

for exploration of the relationship between rain cell morphology parameters and precipitation. 579 

Third, we use the new dataset to analyze the distribution of precipitation parameters, from cloud top, 580 

and microwave brightness temperature from cloud top radiation signal, and brightness temperatures and 581 

the profile characteristics of two rain cells. The study shows that merged dataset can significantly display 582 

the features of the original dataset. For the stratiform rain cell, the rain rate is relatively small, with high 583 

cloud top brightness temperature, low cloud top height, and column) of the two rain cells (weak vertical 584 

movement. For therain cell and strong rain cell) identified by MBR method and BFE method are 585 

calculated. The results show that the weak rain cell shows stratiform precipitation with small rain rate, 586 

while the strong rain cell exhibits convective rain cell, the rain rate is large and the distribution is uneven 587 

with low cloud top brightnessprecipitation with deep in vertical direction and also has low thermal 588 

infrared bright temperature, high cloud top height, and strong vertical movement. The difference of 589 

parameter distribution between two types of rain cells is obvious, which lays a foundation for the 590 

subsequent study on the characteristics of precipitation in cloud top. All these indicate that the both MBR 591 

method and BFE method for rain cell identification, and the defined rain cell parameters are reasonable 592 

and intuitive. 593 

To further explore the characteristics of rain cell, the cloud parameters based on the signal retrieval 594 

from the TRMM VIRS data and the latent heat of precipitation inside the rain cell will be added to the 595 



31 

 

dataset. This work is currently in progress but will not be covered in this study due to the limited length 596 

of the paper. The dataset will support the research on the development mechanism of precipitation system 597 

and promote the progress of precipitation model simulation in the future. With the continuous 598 

development of satellite technology, the dataset will add longer time scale data and more effective 599 

parameters. 600 

It must be noted that the difference between MBR method and BFE method is only in the horizontal 601 

geometric parameters of the rain cell, and the difference is not large, such as the slight difference in 602 

length and width of the rain cell, but the vertical geometric parameters of the rain cell are not affected. 603 

The physical parameters of the rain cell are not affected by the identification method. 604 

The new rain cell data in this study can be used to study the characteristics of rain cell geometric and 605 

physical parameters. Although a lot of achievements have been made in this aspect, systematic and in-606 

depth analysis is still needed, such as the regional differences of these parameters and the characteristics 607 

of climate change. It can also be used to analyze the relationship between the physical and geometric 608 

parameters of rain cell, which also have regional differences. The effective radius of cloud particles, 609 

optical thickness, liquid water path and other parameters in rain cell can be obtained by combining 610 

retrieval algorithms of visible and near infrared reflectivity, which can analyze the characteristics of cloud 611 

physical parameters of rain cell. These parameters such as cloud water and ice water in column, cloud 612 

temperature and rain rate in rain cell can also be obtained by using microwave brightness temperature 613 

retrieval algorithms, and the relationship among these parameters can be analyzed. It is believed that the 614 

previously mentioned studies will produce results shortly. 615 
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