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Rain Cell Size Distribution Using Radar Data During
Squall Line Episodes
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ABSTRACT

The main objective of this paper is to present the rain cell size distribution observed during squall line episodes in
the Sudano-Sahelian region. The used data were collected during the EPSAT Program [Etude des Precipitation par
SATellite (Satellites Study of Precipitation)] which has been developed since 1988, on an experimental area located near
Niamey, Niger (2 10’ 32"E, 13 28" 38"N). The data were obtained with a C-band radar and a network composed of
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approximately 100 raingages over a 10,000 km* area. In
this work a culling of the squall line episodes was made
for the 1992 rainy season. After radar data calibration
using the raingage network, a number of PPI (Plan
Position Indicator) images were generated. Each image
was then treated in order to obtain a series of radar
reflectivity (Z) maps. To describe the cell distribution, a
contouring program was used to analyze the areas with
rain rate greater than or equal to the contour threshold
(R = 7). 24700 contours were generated, where each iso-

I. INTRODUCTION

A statistical knowledge of rain cell size distribution
as a function of the rain rate, is very useful in many
scientific and applied domains, for example to conceive
the microwave space systems for the observation of rain
fields in the future. Indeed, with such systems it is
assumed for the estimation of the rain rate that in the
resolution cell (or pixel) the “target” is homogeneous.
Now, with the microwave systems, the pixel resolution
on a low orbit, is greater than some kilometers. Are the
rain cells smaller or larger than the pixel? Another
example is the modeling of the convective fields and the
associated precipitation for which it is essential to know
the distribution of rain cells.

Goldhirsh et al. summarizes a statistical study de-
veloped at Wallops Island-Virginia (USA), which shows
that the size of the rain cells is practically invariable for
the rain rate interval of 3 to 88 mm h™'[1]. For the low
rainfall rates an important number of very small cells
was observed.

At tropical latitudes and in particular in the Sudano-
Sahelian zone between 10N and 20N, 80% of the rain
is produced by squall lines. The remaining 20% is due
to isolated convective cells. The distribution of cell size
in squall lines, has never been quantitatively and
statistically described. The main objective of this paper
is to contribute to fill this gap.

The raingage measurements allow the detection of
punctual time variations and, under various hypotheses,
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pleth belongs to a predefined threshold. Computing each
cell surface and relating its area to an equi-circle (a
circle having the same area as the cell), a statistical
analysis was made. The results show that the number of
rain cells having a given size is an inverse exponential
function of the equivalent radius. The average and
median equivalent radii are 1.4 and 0.69 km respectively.
Implications of these results for the precipitation
estimation using threshold methods are discussed.

enable the inferring of some information about the
spatial properties of the rain fields[2, 3]. However, a
spatial sample from a raingage network is not sufficient
to describe the distribution of the rain cell size. Radar
observation is the only way to collect a dataset with a
sufficient resolution in space and time, to analyze the
cell size distribution of the rain fields[4].

II. EXPERIMENTAL AREA AND DATABASE
DESCRIPTION

The radar and rainfall dataset used in the present

~work was collected in cooperation with ORSTOM

during the EPSAT Program (Etude des Precipitations
par SATellile), which has been developed since 1988, on
an experimental area located near Niamey, Niger [5, 6].
The dataset consists of radar data obtained from a
C-band radar ( A =5.2), of which the main characteristics
are given in Table 1, and from a raingage network
composed of approximately 100 raingages over a 10,000
km’ area. The radar is situated at the Niamey Airport (2
10’ 32" E; 13 28’ 38" N) which is located on a flat
country of about 200 m of altitude. Above this region,
because of the ground flatness, the structure of the rain
fields is pure, and the radar observation at a larger range
is easy.

The raingage network is composed of tipping-bucket
sensor with static memory which allow the processing of
the rainfall data by a central workstation. Table 2 gives
the size of the dataset used in this work. The dataset in
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Table 1. Main characteristics of the EEC Radar
WR-100-5 SN11 at Niamey, Niger.

Parameters Values
Frequency 5.6 GHz
Power 250 kW
Recurrence 250 Hz
Pulse width 2 pus
Receptor sensitivity -102 dBm
Noise factor 9 dB
Beamwidth at 3 dB 1.5°

Table 2. Used dataset for the rainy season in 1992.

Parameters Numbers
Number of squall line events 7
Number of images 25
Total number of cells 24700

made up of the whole squall line events that occurred
during the rainy season of 1992.

III. DATA PROCESSING

Before each squall line episode processing, the radar
data were calibrated. The calibration method is based on
comparison between the radar data and the precipitation
field over a predefined surface and time interval. The
individual calibration factors are defined by the relation:

where Hp and Hg are the cumulated rainfall measured by
the raingage network and that measured by the radar
respectively. After the calibration, the radar reflectivity
is converted into rain rate by the relation:

Z = 411R" s )

where Z is the radar reflectivity factor in mm® m>, and
R the rain rate in mm h™. This relation was established
for the Niger area[7].
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Figure 1. Cell contours for the 2(I), 11(I), 60(IID)
and 160(IV) mm h' thresholds for the event of
22/July/1992 at 14h 38 UT at Niamey, Niger.

To construct the cell contours, for each PPI (Plan
Position Indicator) image, a contouring software com-
puting the area with a rain rate (R) greater than or equal
to the contour thresholds (7 ) of 2; 3; 5; 7; 11; 17; 25;
40; 60; 100 and 160 mm h' (R= r), was employed.
The number of cells was calculated for each value of .
Figure 1 shows, as an example, a series of PPI images
after the contouring program, for the 2, 11, 60 and 160
mm h" thresholds. For each of the 24700 cells, the
mean equivalent radius (Req.), that is the radius of a
circle having the same area as the contour, was cal-
culated. The statistical analysis was done for all the PPI
images available.

IV. RESULTS AND DISCUSSION

Figure 2 shows an histogram of the total number of
cells, as a function of the rain rate. It can be observed
that the mode of the distribution is located at 3 mm h™.
It also appears that, for the weak rain rates, a great
number of cells is found. For rain rates greater than 3
mm h', the number of cells drops dramatically for

973



AP LTS =7A A4 A5

NUMBER OF CELLY

t
we

R:L"! R;'Is(m'!.
Figure 2. Number of cells as a function of the rain
rate threshold for Niamey, Niger - rainy season 1992.
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Figure 3. Number of cells as a function of the
equivalent radii for different thresholds for Niamey,
Niger - rainy season 1992.

increasing threshold values.

The number of cells as a function of the mean equiv-
alent radius (Req.) for different thresholds (2, S, 11 and
25 mm h'') is represented in Figure 3. What can be seen
is that an increase in the number of cells corresponds to
a decrease of the rain rate. For all the thresholds the
maximum number of cells corresponds to the smaller
surfaces. Also, the number of cells is approximately an
inverse exponential function of the equivalent radius.

The percentage of cells as a function of the equi-
valent radius intervals for different thresholds, is given
in Figure 4. About 10% of the cells present an equivalent
radius of the order of 1.5 km. This combination of
values can be represented by an exponential relation of
the form:

P=Aexp(bReq.) ...oovvivceiiiiiiniinicininiennne 3)
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Figure 4. Percentage of the number of cells as a
function of the equivalent radius intervals for the 2,
5, 11, 17 and 25 mm b thresholds, “1" is the
correlation coefficient and “s” the standard deviation.

Figure 4 also shows the values of the coefficients “A”
and “b” for the thresholds 2, 5, 11 and 25 mm h' and
for Req. greater than or equal to 1 ki and smaller than
9 km. If a threshold greater than 30 mm h"' is
considered, the values of the coefficients “A” and "b”
are different.

In the same way the percentage of the number of
cells as a function of the equivalent radius intervals is
presented in Figure 5. In this figure the thresholds are
40, 60, 100 and 160 mm h", and the interval variation
of Req. is between 1 and 3 km. Coefficients "A” and
“b” are also shown in Figure S. It can be observed when
the dispersion of the points is larger for an equivalent
radius greater than 2 km.

The variations of the equivalent radius, in terms of its
median and average values, as a function of rain rates
class are given in Figure 6. The points in Figure 6
correspond to the rain rate threshold used for Figures 4
and 5. The mean equivalent radius can be seen to
remains constant at a bout 1.4 km until the rainfall of
60 mm h'. The median radius is constant and equal to
0.56 km, that is a surface of 1 km’, until a rainfall rate
of 11 mm h'. Beyond this value the median radius
increases and reaches 0.8 km, which corresponds to a
surface of 2 km’.

The behavior of the median radius for thresholds
greater than 11 mm h' can be explained by the drastic
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Figure 5. Percentage of the number of cells as a
function of the equivalent radiui intervals for the 40,
60, 100 and 160 mm h' thresholds, “r* is the
correlation coefficient and "f” the standard deviation.
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Figure 6. Average and median of the Equivalent Ra-

dius as a function of rain rates.

decrease of the number of cells having small equivalent
radii. The accentuated reduction of the mean radius for
the thresholds greater than 60 mm h™' is probably due to
the small number of cells having small equivalent radii.

V. SUMMARY AND CONCLUSION

From a radar and raingage network dataset collected
in the Sudano-Sahelian zone of West Africa, statistics on
the number, the equivalent radius and the areas of the
rain cells for several rain rate intervals were calculated.
The results show that in the tropical zone, 80% of the
rain cells are associated to sizes (equivalent diameter)
smaller than 3 km. This result is important because most
of the methods and techniques of rain field observation
has a spatial resolution worse than 3 k. Another example
is the radars to be used from space [e.g. TRMM [8]].

To overcome this difficulty, a promising way is to
use threshold methods, particularly the fractional area
method[9, 10, 11, 12].

The statistical results about rain cell sizes presented
in this work, can be very useful to understand and to set
up the statistics of attenuation from rain, for the
ground-ground and ground-satellite link.
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