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Abstract, Raineels-areUnderstanding the characteristics of rain cell, the most eemmen-unitsbasic unit

in the-natural precipitation system-—E

signifieantly, is helpful to improve the cognition of the precipitation system. Previeusstudieshavemostly

a—In this study, webased on the merged thedata of precipitation

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

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

with-the-muti-channeleloud-topradiance-measured-by-the). visible and infrared scanner (VIRS) and the

TRMM microwave imager (TMIy—The), rain cells

&

were identified withinin the PR erbit-and-the-swath

by two

methods—fer+ain-eelidentification:, the minimum bounding rectangle (MBR) method and the best fit

ellipse (BFE) method;—

. The geometric

re-physical parameters
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the-analysis-of rain-cell-preeipitationrain cell were also defined. By analyzing the geometric parameters

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

reflectivity and thermal infrared

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

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

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

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

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

methods demonstrate similar rain cell s widths.

The filling ratio of preeipitation-mechanisms:BFE method is slightly higher than that of MBR method.

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

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

https:Hdetorg/10-5281/zenodo-8352587https://doi.org/10.5281/zenodo.13118878 (Wu et-als—2023and

Fu, 2024),

1 Introduction N

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

2006; Lau and Wu, 2010). Rain-ceHls-are-considered-asln the mest-basie-water cycle, the rain cell that

constitutes a precipitation unit—but-they—havebeen—defineddifferently—inliteratures-system can be

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

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

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

2001). Austin and Houze (1972) s found that-there
are—basieally—compesed—of-subsynoptic scale precipitation regions; that each withhad rather clearly

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

Based on radar observations and detailed-rain gauge records, the-preeipitationpatternsean-be-they also

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

The rain cell with an-area of about 10 km? in radar echo iswas regarded as a single cumulus convective

2
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unit in their study-Geldhirsh-and Mustani-( (Gagin et al., 1986)-definedrain-cell-as-areas-with-rainrates
greater-than-er-equal-to-; Capsoni et al., 1987).

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

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

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

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

mm h™'. Meanwhile, many papers studiedstudies exposed the relationship between precipitationrain rate

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

Feral et al., 2000; Begum and Otung, 2009). Capseni-et-al{1987) defined rain-cell-asaconnected region

In-erderto-obtain-the shape parameters-Feral et al. (2000) employed-theadopted elliptic fitting method

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

results also revealed that the major axis length was twice longer than the minor axis length fer—the

majority-of therain-eells-and the direction distribution was uniform—When-studying in the majority of

the rain cells.

Since the herizental-dimensionslate 1990s, observations of the-precipitation systems; Nesbitt-et-al:

(2006)-used-the-best-fit-cHipse-method-to-obtain-the-major-axisradar (PR). visible and minor-axis:

Heowever-due-to-the hmitation-of the swath-width,-seme-infrared scanner (VIRS) and TRMM microwave

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

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

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

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

2008), and Liu and Zipser (2013) investicated—the—differenthorizontal structures—ofeconveetive
preeipitation—systemsmade spick-and-span studies in the trepies—and-subtropiesbyusing14-years—of

inedfield of
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rain cell identification and its parameters with the-best-ellipseclliptic fitting method. FheyfoundTheir

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

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

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

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

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

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

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

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

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

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

Fa-et-al+2020)However, the rain cell data identified by MBR method need to add reflectivity and

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

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

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

bounding rectangle (MBR) method and the best fit ellipse (BFE) method, to identify rain eeHs-andstudied

Chen—et-al—(2021used-thesame—cell and produce a new dataset in-the-above studyto—analyzethe

multidimensional-merphological-characteristies-of-with precipitation areas-over-—the FibetanPlateauin

structure of rain
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section 4 defines the geometric and physical parameters of rain eells—tn-Section5-the statisticalresults

of rain-cell-parameters—are—given—and-thestruetares—of, section 5 analyzes two typical rain cells are

anatyzedin geometric and physical parameters. Access to the datasets is introduced in Seetsection 6, and

conclusions are presented in Seetsection 7.

2Data < [BRETHR P 105 I PHAE: AHEE
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The TRMM was jointly developed by the US National Aeronautics and Space Administration (NASA)
and the Japan Aerospace Exploration Agency (JAXA) and launched on November 27, 1997. The TRMM
is a non-solar synchronous polar-orbiting satellite with an orbital inclination of 35° and observes a
location between 38° S and 38° N (Simpson et al., 1996; Kummerow et al., 1998, 2000). The satellite

carries five instruments: PR, VIRS, TMI, the Lighting Imaging Sensor (LIS), the Cloud and Earth
5
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Radiant Energy Sensor (CERES). This study mainly involves the measurements of TRMM PR, VIRS,

and TMIL.

2.21, PR anddata 2A25-dataset “

The PR was the first spaceborne precipitation radar onboard the TRMM. It is a single-frequency
microwave radar with a frequency of 13.8 GHz (Kummerow et al., 1998; Kozu et al., 2001). PR scans in
the cross-track direction with a scanning inclination of 17°. There are 49 pixels on each scanning line.
The horizontal resolution is about 4.3 km at nadir (5.0 km after the orbital boost), and the scanning width
is 215 km (245 km after the orbital boost). It can detect the three-dimensional structure of precipitation
from mean sea level to 20 km (a total of 80 layers) with a vertical resolution of 0.25 km.

The 2A25 data is the second-level data product of the TRMM PR, which is generated by inverting the
echo signals detected by the PR. This dataset mainly includes scanning time, geographic information,
three-dimensional rain rate, rain type and so on (Awaka et al., 1997). The detection sensitivity of the PR
is about 17 dBZ, corresponding to the rain rate of about 0.4 mm h™! (Schumacher and Houze, 2003).
Therefore, when the rain rate of the pixels is lower than 0.4 mm h~?, the default value is set and will

not be involved in the calculation.

2.32, VIRS anddata 1B01-dataset, “«
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The VIRS scans in the cross-track direction with a scanning angle of 45°. There are 261 pixels on each
scanning line. The scanning width is 720 km (833 km after the orbital boost), and the horizontal
resolution is 2.2 km at nadir (2.4 km after the orbital boost). It has five channels from visible to the far
infrared band: CH1 (0.63 pum), CH2 (1.6 um), CH3 (3.7 um), CH4 (10.8 um) and CHS (12.0 pm). The

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

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

detection results.

The B0 s a-first-level data-product o F VIRS cwhich-ineludes-the veectivity (R RE2)-and-the
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2.43 TMI anddata 1B11-dataset, «
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The TMI is a nine-channel passive microwave radiometer with five frequencies spanning from 10 to 85
GHz. The microwave signal frequencies are 10.65 GHz, 19.35 GHz, 21.3 GHz, 37.0 GHz, and 85.5 GHz,
except for 21.3 GHz, which is a single vertical polarization channel. The other four frequencies are
horizontal (H) and vertical (V) polarization dual channels. The scanning width is 760 km (878 km after
the orbital boost). The horizontal resolution of each frequency channel (effective field of view of beam,
Kummerow et al., 1998) varies from 63 km x 37 km at 10.65 GHz to 7 km x 5 km at 85.5 GHz. The

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

2.5-4 The merged data of 2A25, 1B01 and 1B11-rersed-data, “

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

in the-eloud-precipitation system, the rain rate profile and echo profile of 2A25, the reflective and infrared

temperature of 1B01-and-, and the microwave brightness temperature of 1B11 data-produets(derived

fromthe TRMM-PRVIRSand- Ml —respeetively)-were matehedand-collocated in PR horizontal

resolution and produced a merged—Bue-te—_data. The reason for that is because the difference in-data

detection-methods;the-spatial resolution is-differentforof the three instruments, but the time lag between

deteetions-of observation among the three instruments to the same target is less than +nin—ttprovides

the-possibility-of data-mersing beeause-of I min, i.c. the quasi-synchronous deteetion—tn-this-paper—we

Statistics showed about 7 VIRS

. reichted-averasi ixebwithin 1 PR pixel. It was found that the

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

For Ml -the measured-valuesin-different-bandsDue to TMI channels have different spatial resolutions-<

In-erder_that is larger than PR pixel resolution, the nearest neighbor method was used to obtain the

microwave—radiation brightness temperature iat PR pixel resolution, it—is— v—to—Hreredse—th

the-nearest neishbermethed;i.c. each PR pixel iswas assigned the microwave brightness temperatures of

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

TFhis-paperalso-adopts-thesame-definition and-elimination-method-of rain eellscell in this study is the

same as that proposed by Fu et al. (2020), i.e. a rain cell consists of at least four 20203-Firstyusinsthe

eight-connected regionmethod-identifies-the-continuousregion-of rainrain pixels within the swath of PR

scan. According to the working mode of PR, its swath consists of 49 pixels—Fer-example;foranyrain

(from number 1 to 49), so if the identified as-the-same

rain cell—Fhen—thescarch-process—repeated-or BC———vain has pixels witibatadiacentpivelsal the

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

is not included. If the identified rain cell is
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Hess-than4-pixels)-are-exeented-at the beginning and end of the PR swath, the rain cell is also eliminated.

The i

cdec-ofthe track-itadvantage ol this is defined-as-a-truncated rain-ccl-Hothe number of pixels-in-a-rain

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

efmerged data, the raineet:best fit ellipse (BFE) method and the minimum bounding rectangle (MBR)

e-method

he. The two

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

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

We-definesome The slight differences of geometric and-parameters calculated by MBR method and BFE

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

the both methods are the same. The rain cell parameters identified rain—eells(by the two methods

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

4 The definitions of rain cell parameters

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

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

which the first six parameters are-catleddescript the horizontal geemetric parametersgeometry of rain cell

and the rest aredo the vertical geometric—parameters—Thedifferences—in—geometriegeometry. These

here-have a clear physical meaning

parameters of
such as o represents the horizontal shape of the-rain cell, a small (large) o indicates that the twe-
dimensionathorizontal shape of the-rain cell is more like a strip (square) precipitation system, and has
more (less) correlation with a frontal precipitation system. The variable 3 expresses the ratio of therain

cell area (S;z5)Srain) to the area of the identificationMBR or BFE frame (SS), and characterizes the

9
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internal-organization-within-theeffectiveness of both methods used to identify rain cell. Large (small)

£e5ts

associated-with-strong-conveetivesystems-indicates more (less) rain pixels inside the MBR or BFE frame.

The variables gV max and Y., represent the three-dimensional spatial shape of the-rain cell.
Small ¥maxVmax (¥wYay) indicates a “squatty” appearance of rain cell, in contrast to a “lanky”

appearance for large ¥z max (avVav)-—

Table 1. Definitions-of geometrie parametersGeometric parameter definitions of rain cell:_ by the minimum+<
bounding rectangle (MBR) method and the best fit ellipse (BFE) method
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Hags{kiny

MeanH,,s (km), mean echo top height of stratiform precipitation in the-rain cell

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

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

Sinee-the The physical parameter definitions of rain cell ds

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

2)-based-en_including rain type, rain rate profiles;near-surfaceprofile, reflectivity factor profile, mean

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

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

evolution stage of rain eeHlscell.

Table 2. Definitions—ofphysical-parametersPhysical parameter definitions of rain cell_by the minimum-<
bounding rectangle (MBR) method and the best fit ellipse (BFE) method.

Symbol

Physical meaning

R BogEEERSE: 10 B
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BETHR: ZEHE: XF 1
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BRETHRR: FEHE: XF 1

RRaye (mmh™")
RRax (mmh~1)
RR,yc (mmh™1)
RR,ys (mmh™1)
RRaxe (mmh™1)

RRinaxs (mmh™)

Mean rain rate

Maximum rain rate amenerain-pixels-of thein rain cell

Mean convective rain rate &

Mean stratiform rain rate averaged-by-all-stratiformrainrate-withinin rain cell
Maximum rain rate amersof convective pixels-oftheprecipitation in rain cell

Maximum rain rate amengof stratiform pixels-eftheprecipitation in rain cell

CAF (%) Fraction-of eonveetiveConvective 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-theinraincell

ABZ;ax (dBZ) Maximum radarreflectivity factor amens rainpixels-of thein rain cell

—eBZmax

RE,ye, Mean reflectivity ebtained-by-averagingall
infrared channel svithin-thein, rain cell

RE,ya Mean eonveetivepeflectivity averagedby-all conveetiverefleetivities of VIRS
visible or near infrared channel withinthefor convective precipitation in, rain cell ,

RFEvs Mean stratiformreflectivity averaged-by-all mreflee sof VIRS
visible or near infrared channel sithin-thefor stratiform precipitation in rain cell ,

TBave (K) ‘Mean brightness temperature sing

Oof VIRS mid-infrared and far-infrared, TMI channel within-thein, rain cell
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TBaye (K) ‘Mean brightness temperature averaged-by-allof VIRS mid-infrared and far-
infrared, TMI channel for, convective brightness-temperatures-of channelwithin—
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Figure 1. Near-surface rainrate-of two-rain-cells-that eccurred-en2-Juneln order to better understand the

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

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

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

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

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

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

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

width 140.29 km (W,.). rain area 10223.5 km?_(S,4i,). MBR area 40803.36 km?_(S,), and filling ratio

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

rain cell A identified by BFE method (Figure 1¢) has length 347.63 km (L), width 139.94 km (W,), rain

area 10223.5 km?_(S,,in). BFE area 38207.27 km?_(S,), and filling ratio 0.27 (B,). The horizontal shape

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

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

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

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

and B, the latter has higher echo top (Hy,,x = 17.75 km, H,, = 9.47 km), and shows like “lanky”

appearance (Ymax_= 0.11. y,,_= 0.08). In rain cell B, the mean echo top height of convective

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

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

The ratio of the maximum reflectivity factor height to the maximum echo top height p_is 0.37 and 0.15

for rain cell A and B, respectively. Combining y,.x_and p_it can be concluded that rain cell B is a deep

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

37°N 25°N . L
(b)
35°N 24°N -
33°N 23°N T T
I
05 10 15 20 40 80 120 20.0 mmh’
37°N 25°N . L
(d)
35°N 24°N B
33°N 23°N T T
102°E 104° E 106° E 94°E 95°N 96° E
Stra Conv Other

15 20 25 30 35 40 45 50 km

Figure 1. Two rain cells occurred on June 2, 1999 (a}-and-es-13 June 13, 2003 (b)-measured by PR-}s: rain<
rate (a_and b) and rain type (¢;_and dj;—rain—pixels—with—, blue, red; and green represent for stratiform,

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

method, in bottom by BFE method. GCr and GCe represent for geometric center of rain cell identified by
MBR method and BFE method, respectively. Fhe-identification-boxes-are-eaptured-by-the MBR-method-(a;
b)-and-the BEE-methed(e;-d)for-twe-rain-eellsThe gray level in the figure represents the elevation of the
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terrain.

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

PR observation showed that the mean rain rate RR,._and the maximum rain rate RR,,,_of rain cell

B were 11.64 mm h™! _and 113.14 mm h™?, respectively, and rain cell A was a relatively weak rain cell.

The defined physical parameters also showed that the mean convective rain rate is 5.52 mm h™* and

17.35 mm h~!, the mean stratiform rain rate 1.16 mmh~!_and 2.31 mm h~?, for rain cell A and B

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

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

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

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

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

cell B has the maximum reflectivity factor 57.81 dBZ (dBZ,.x) listed in Table 4 against 36.38 dBZ for

rain cell A.

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

ReetangleMBR method EHipseBFE method

#em)-L, (km)_ 290.86/169.57 erflemLe (km) 347.63/170.66
#remry W, (km) 140.29/76.18 epfkemW, (km) 139.94/76.76
Fz 0y 0.48/0.45 ezl 0.4/0.45
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40803.36/12917.48
0.25/0.35
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Yav
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1

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

Swek'mi)srain (ka)
esfam?S, (km?)
egPe

10223.50/4496.40
38207.27/10289.43
0.27/0.44
8.75/17.75
5.59/9.47

3.25/2.75

Table 4. The physical parameters of rain cell A and B calculated by MBR method and BFE method.
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5.2 VIRS and TMI signals of rain cell

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

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

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

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

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

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

than 220 K. Table 4 also shows the calculated mean visible reflectivity RF1,,._for the two rain cells

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

RF1,,/RF1,,s_for the two rain cells are 0.73/0.72 and 0.66/0.73, respectively. The large reflectivity

values indicate that the cloud optical thickness at the top of the two rain cells are large. The mean

18
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brightness temperature at VIRS channel 10.8 um (TB; g ave) shows 253.65 K and 222.96 K for the two

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

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

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

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

2014).

31°N
101°E  103°E 105°E 107°E 92°E  94°E  96°E  98°E
.

o . I @
0 02 04 06 08 1.0 0 02 04 06 08 10

35°N

33°N

A
31°N T T T T T T T T 21°N '-\‘. T
101°E  103°E 105°E 107°E 92°E 94°E 96° E 98°E

| L
200 220 240 260 280 300 320K 200 220 240 260 280 300 320K

Figure 2. The reflectivity distribution of (a;-visible channel at 0.63 pm (a and b) RFl-and (e;d)-FBygg for
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black line is PR (Precipitation Radar) scanning track. The red solid rectangle and blue dash ellipse represent

for the area of rain cell identified by MBR method and BFE method, respectively,
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Similar to Figure 2, the distribution of microwave brightness temperature observed by nine channels

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

1994a, 1994b; Wang et al., 2009; Fu, 2021).
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Figure 3. The brightness temperature distribution of microwave horizontal polarization channel at 19 GHz

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

microwave characteristics of precipitating clouds.
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Figure 4. The distributions of (a;b)-the near-surface rain rate,—_(a and b), reflectivity at channel 0.63 pm (c;*
and d)>RFL;), brightness temperature at far-infrared channel 10.8 pm (e;_and f)}—FBygygs), brightness
temperature at horizontal channel 19 GHz (g5h)FByggazgs and h) and at 85 GHz (i;_and j) FBgsgpzgr—for

the two-preeipitation cases based on the merged datasetsdata.
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in Eig4Figure 4a and 4b.
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6 Data availability -

The rain cell preeipitation-parameters-dataset based on identification methods of MBR and BFE together

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

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

7 Conclusions

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

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

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

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

microwave sienal———datascts——used———in———this—paper——arc———aceessible ——at
https://deiorg/10-528Hzenodo-8352587signals of TMI reflecting hydrometeors in cloud columns. By

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

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

and physical parameters of the rain cell were defined, thus a new rain cell data was established.
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parameters(average-eloud-top(length, width, height;-herizental-seale-spatial merphelogy; and so on) and
physical parameters (averagerain rate, maximumvisible reflectivity factor-and-its-corresponding height;
average—visible—reflectivity,—average—and thermal infrared brightness temperature;—and-se—on)—TFhe

s; from cloud top,

and microwave brightness temperature from cloud tep-radiation-signal;-and-brightness-temperatares-and

mevement—For—therain cell and strong rain cell) identified by MBR method and BFE method are

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

while the strong rain cell exhibits convective rain-cell-the rainrate-islarge-and-the-distribution-is-uneven
with-lew—eloud-top-brightaessprecipitation with deep in vertical direction and also has low thermal

infrared bright temperature;—high

subsequentstudy-on-the-charaeteristies-of preeipitation in cloud top. All these indicate that the both MBR

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

previously mentioned studies will produce results shortly.
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