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This study evaluates and compares the capacity to discrimi-
nate areas with convective rainfall for two meteorological
events in Sdo Paulo (SP) State, using simultaneously the 85.5
GHz Special Sensor Microwave Imager (SSM/I), the GOES-
8 satellite and the Bauru/SP meteorological S-band radar
data. Specifically, three models are used: (a) the Convective
Stratiform Technique (CST) developed by Adler and Negri
which uses infrared (IR) images; (b) the Goddard Scattering
Algorithm (GSCAT) implemented by Adler et al. and Negri
et al., for the SSM/I; and (c) precipitation rates obtained
from the Bauru/SP meteorological radar data. Satellite
images for two afternoons (24 and 26 January 1997) and the
corresponding Bauru/SP radar data were used in this study.

The results obtained from the CST technique and the
GSCAT algorithm for the central area of SP State were com-
pared with the radar data assumed to be the ground truth.
Both the GSCAT and CST algorithms have good skill to dis-
criminate areas with precipitation. The first one shows a bet-
ter performance in identifying areas with high precipitation
rates than the latter one. The results also show that correla-
tion between GSCAT and radar precipitation rates is better
than when the CST is used.

Introduction

Precipitation is one of the most important meteoro-
logical variables in the tropics, with a large variabili-
ty both in space and time, which renders its measure-
ment a difficult task.

Traditionally, two methods have been used for
measuring precipitation, namely in situ rain gauges
and meteorological radar. Considering its continental
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area, Brazil has a rather deficient rain gauge network
and a small number of radars. In addition, it is diffi-
cult, or even impossible at the present, to maintain an
adequate observational network in inaccessible areas,
such as Amazonia (Scofield 1994).

One alternative to this problem is remote sensing
using satellites. Since the advent of the meteorologi-
cal satellite, a large variety of techniques to measure
precipitation indirectly have been developed. The first
ones used thermal infrared (IR) (information on the
spatial and temporal distributions of the brightness
temperature of cloud tops) and visible satellite data
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(information on the brightness of the same targets) to
infer the distribution and intensity of the precipitation.
Another option is the utilisation of data collected in
microwave spectral bands (Kidd and Barrett 1990;
Gairola and Krishnamurti 1992).

Initially, the meteorological satellites had an IR
and a visible channel available basically for monitor-
ing clouds. Gradually, meteorologists realised that
some characteristics present in the images could be
used to infer other meteorological variables. Thus, the
precipitation estimates were made by analysing cer-
tain attributes such as the texture, the brightness, the
temperature and its horizontal gradient and the
growth rate of cloud tops (Scofield 1987). However,
due to the weak physical connection between the
hydrometeors and observed radiance, these attributes
were deemed inadequate to measure the precipitation.
The CST developed at the National Aeronautics and
Space Administration (NASA) has been used inten-
sively in several regional projects to estimate precipi-
tation (Adler and Negri 1988; Martin et al. 1990;
Ebert et al. 1996). This technique uses thermal IR
images. Due to its characteristics, the CST is most
suitable for application in regions where the precipi-
tation regime is predominantly convective.

The precipitation estimates on a quasi real-time
basis have an enormous potential to benefit directly
several productive sectors of society, such as agricul-
ture, hydrology and transportation. Besides, this
information is of great usefulness for civil defence
teams, in case of flash floods, mainly in urban centres
(Scofield 1994).

With the advent of microwave sensors, a distinct

. new stage in the development of precipitation estimat-
ing techniques was initiated. Microwaves propagate
through clouds and the attenuation caused by the water
droplets in certain frequency bands is selective, thus
allowing for almost direct precipitation estimation.

The use of microwave data obtained by satellite
sensors to retrieve meteorological variables has
become quite popular among civil defence and mili-
tary institutions in the USA, since the launching of the
first two SSM/Is within the Defence Military Satellite
Program (DMSP; Hollinger et al. 1990). Estimation
of precipitation has received renewed attention, and
several studies have been done for the middle lati-
tudes of the northern hemisphere (Alishouse et al.
1990; Tjemkes et al. 1991; Wilheit et al. 1994).

It is important to test and validate techniques of
precipitation estimation using microwave data partic-
ularly in countries like Brazil, where the convention-
al meteorological network is inadequate, and there is
a need to improve knowledge of the rainfall regime.
Thus the objective of this work is to evaluate and
compare the capacity for discriminating precipitating

areas for two distinct events in the subtropical region
of SP. The data used were obtained by the (SSM/I),
the GOES-8 satellite, and the surface S-band meteo-
rological radar of the radar of the University of State
Sdo Paulo (UNESP) located at Bauru City.

Data and methodology

The chosen area for study was that swept by the
Bauru/SP meteorological radar, shown in Fig. I.
Figure 2 shows schematically the stages of data
acquisition and the methodology used for determining
the precipitation rate for each of the three platforms.

The study evaluates precipitation estimates dur-
ing two events that occurred in the central part of SP
State in 1997. The first event took place on 24
January in the mid afternoon and the other on 26
January, also in the afternoon. These events were
chosen due to the availability of the data and
because they occurred within the same coverage
area of the Bauru / SP radar, coincidentally with
passes of the GOES-8 satellite.

The GOES-8 brightness temperature data were
already previously navigated, that is, each pixel has
its own corresponding geodesic coordinates (latitude
and longitude) calculated, thus it was necessary only
to sectorise the area covered by the radar. Using the
CST developed by Adler and Negri (1988), which
requires some appropriate criteria to discriminate the
cloud type and the saturation temperature, the GOES-
8 brightness temperature data were converted into
precipitation rates.

It was then necessary to adjust the different time
and space resolutions of the three observing plat-
forms. Therefore, the GOES-8 images (4 km x 4 km )
and those of the radar (1km x 1km) underwent a
degradation process by taking averages, in order to be
compatible with the SSM/I data (15km x 13 km). It is
important to note that the CST algorithm was applied
to the GOES-8 data before averaging.

The brightness temperature (Ts) data from the
SSM/I sensor in horizontal polarisation are used as
input to the GSCAT algorithm to yield the precipita-
tion rates. These rates, with the respective latitudes
and longitudes are linearly transformed in digital
images of 4 bits (16 levels of gray) to be displayed on
a computer monitor. :

The constant altitude plan position indicator
(CAPPI) reflectivity data (units: dBz) from the Bauru/
SP radar were in cartesian coordinates and for this
reason it was necessary to identify some control
points and register the images, determining the geo-
desic coordinates of each pixel, in order to permit
future accurate navigation and visualisation.
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Fig. 1 Area covered by the Bauru/SP meteorological
radar.
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Fig. 2 Stages of data acquisition and the methodolo-
gies used.
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A rainrate was calculated for each pixel, of the
CAPPI image (480 lines by 480 columns) by using
the Marshall and Palmer equation:

Z=200R!-6 m!

where Z is the radar reflectivity and R, the precipita-
tion rate (mm/h), to generate the precipitation fields
for the two days in question, with their respective
coordinates. In order to make the radar and SSM/I
data compatible (resolution of 15 km x 13 km) the fol-

lowing procedure was carried out: (a) the rain rates
from the radar (480 lines by 480 columns) were split
into 1024 equal sectors (15 x 15); (b) in each data sec-
tor, with 225 precipitation points, a histogram and dis-
tribution were calculated. It was noticed that most of
the points showed a Gaussian behaviour, thus justify-
ing the removal of the average in each data sector; (c)
with these values of averaged rainrates, the degraded
CAPPI images were generated, with 32 lines by 32
columns and a resolution of 15 km x 15 km.

The superposition of the SSM/I, GOES-8 and
radar data was done using an interactive processing
and analysing system, with the capability of visuali-
sation, changes in projection, enhancement tech-
niques and, mainly accurate navigation, which relates
pairs of latitude/ longitude to line/columns.

SSM/I data and GSCAT algorithm

The relation between the brightness temperature and
the precipitation rate in the GSCAT algorithm is
obtained from a combined model based on the radia-
tive transfer equations for clouds, proposed by Adler
et al. (1991) and Negri et al. (1994).

The GSCAT algorithm is valid over continental as
well as oceanic areas, using the SSM/I sensor at 85.5
GHz and 37 GHz, in horizontal polarisation to elimi-
nate non-precipitating areas. The brightness tempera-
ture at 85.5 GHz defines the intensity of the rain
resulting from the scattering by crystal and hydrome-
teors in suspension above the freezing level of the
cloud. The relation between the precipitation rate and
the brightness temperature at 85.5 GHz over conti-
nental areas, as given in Adler et al. (1991) is:

R = (251.0-T)/4.19 22
while over oceanic areas, it is:
R = (251.0-Tp)/2.09 3

A linear interpolation is used for the transition regions
between land and ocean. Equation 2 was used in this
study because the area swept by the Bauru/SP radar
(centred at SP) lies entirely over the continent,
between the latitudes shown in Fig. 1.

Negri et al. (1994) applied the GSCAT algorithm
to various regions of the globe such as Mexico, the
southeastern USA, the equatorial Pacific Ocean,
Amazonia and the northeast of Brazil. Whenever
radar data were available, the results obtained using
SSM/I and radar data showed good agreement for
precipitation rates higher than 1mm/h.






