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In this paper rain estimation capability of MSMR is explored. MSMR brightness temperature data
of six channels corresponding to three frequencies of 10, 18 and 21 GHz are colocated with the
TRMM Microwave Imager (TMI) derived rain rates to find a new empirical algorithm for rain rate
by multiple regression. Multiple correlation analysis involving various combinations of channels
in linear and non-linear forms and rain rate from TMI is carried out, and thus the best possible
algorithm for rain rate measurement was identified which involved V and H polarized brightness
temperature measurements at 10 and 18 GHz channels. This algorithm explained about 82 per cent
correlation (r) with rain rate, and 1.61 mm h−1 of error of estimation.

Further, this algorithm is used for generating global average rain rate map for two contrasting
months of August (2000) and January (2001) of northern and southern hemispheric summers,
respectively. MSMR derived monthly averaged rain rates are compared with similar estimates from
TRMM Precipitation Radar (PR), and it was found that MSMR derived rain rates match well,
quantitatively and qualitatively, with that from PR.

1. Introduction

The importance of tropical precipitation to the
global climate has been known to the mete-
orological and oceanographic community for a
long time. Many concerted efforts for systematic
study of precipitation structures and their role in
regional weather have been undertaken. The Trop-
ical Rainfall Measuring Mission (TRMM) initiated
jointly by USA and Japan, pioneered the first co-
coordinated international effort to study tropical
rainfall from satellite measurements. The launch
of the Indian Remote Sensing Satellite (IRS-P4)
with a multichannel passive microwave radiome-
ter, was attempted for rainfall estimation in the
present study. This satellite carried a Multichan-
nel Scanning Microwave Radiometer (MSMR) and
an Ocean Colour Monitor (OCM) onboard. MSMR
provides measurements of brightness temperatures

at 6.6, 10, 18 and 21 GHz frequencies in both hor-
izontal and vertical polarisations. The operational
geophysical parameters available from MSMR mea-
surements are wind speed, cloud liquid water,
water vapour and surface temperatures over the
global oceans (Gohil et al 2000). After the satellite
was launched, a detailed campaign for validation
of MSMR derived geophysical parameters was car-
ried out using both in situ (Ali 2000) and other
satellite data (Varma et al 1999a, 2002). All geo-
physical parameters matched well with in situ and
other satellite measurements. The only exception
was cloud liquid water.

A major mile stone was achieved in the satel-
lite based rain rate estimation when DMSP-F8
launched in June 1987 carried a Special Sensor
Microwave/Imager (SSM/I) (Hollinger 1991) with
an additional 85 GHz channel sensitive to the vol-
ume scattering by precipitation. More recently
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TRMM satellite was launched with various sen-
sors for precipitation measurement. An advanced
version of SSM/I, called TMI (TRMM Microwave
Imager) onboard TRMM has shown its worth for
global rainfall estimation. TMI is very similar to
SSM/I except for additional channels at 10.65 GHz
(V & H) which are very sensitive to the raindrops
and least sensitive to the cloud liquid and water
vapour (Paris 1971).

MSMR frequencies and channels are similar to
those of SMMR on board the Nimbus satellite.
Sensitivity of the MSMR channels to rain rate
is studied using radiative transfer simulations by
Gairola et al (2000). Currently, various techniques
are used for rainfall retrieval like non-linear regres-
sion (e.g., Bauer and Schluessel 1993; Ferraro and
Marks 1995; Varma et al 1999b, etc.), Bayesian
approach e.g., (Kummerow et al 1996) and neural
network approach (e.g., Tsintikidis et al 1997;
Gairola et al 2001; Bauer et al 2001, etc.). For
the first time TRMM also provided vertical struc-
ture of precipitation over land and ocean with a
precipitation radar (PR) sensor. In this paper, an
attempt is made to find an empirical algorithm
for rain rate measurement using MSMR brightness
temperatures and concurrent rain rates measure-
ments from TMI. Monthly rain rate measurements
from MSMR are compared with similar maps from
TRMM-PR, both quantitatively and qualitatively.

2. Instruments and data

2.1 MSMR data

MSMR covers a swath of about 1350 km and it
achieves a complete global coverage in two days.
MSMR brightness temperature data used in this
study are provided by National Remote Sensing
Agency (NRSA), Hyderabad, India as daily global
data files on three different resolution grids of 50,
75 and 150 km, which are referred to as grid 1,
grid 2 and grid 3 respectively. The 150 km grid
data file contains brightness temperature from all
8 channels, whereas the 75 km grid data file con-
tains brightness temperatures (Tbs) from 6 chan-
nels (all channels except 6.6 GHz) and the 50 km
grid data file contains Tbs from 4 channels (all
channels except 6.6 and 10.65 GHz). Data values
in each of the grid points are provided with cor-
responding time tag, geo-location and quality flag
etc. The present study uses grid 2 data that does
not contain 6.6 GHz brightness temperature values.

2.2 TMI data

Tropical Rainfall Measuring Mission satellite is in a
low inclination (35◦), low altitude (∼ 350 km which

has been recently augmented to the new orbital
height of 402.5 km), and non-sunsynchronous orbit.
The satellite carries three primary instruments for
rain measurements, viz., a Ku band Precipitation
Radar (PR), a 5 frequencies, 9 channel, TRMM
Microwave Imager (TMI), and a 5 frequencies Vis-
ible/Infrared Scanner (VIRS). TMI works in 10.65,
19.35, 21, 37 and 85.5 GHz. All frequencies are
received in H and V polarizations except 21 GHz
which is received only in V polarization. The TMI
scans conically over a swath of 760 km with an
instantaneous field of view of varying sizes from
6.7 km for 85.5 GHz (V ) to 60.1 km for 10 GHz (H)
in along track direction, and 4.1 km for 85.5 GHz
(V ) to 36.4 km for 10 GHz (H) in across track
direction. The Wentz generated TMI finished prod-
uct data, which are resampled at about 10 km
cell size, are used in this study. These data are
obtained from Global Hydrology Resource Center
(GHRC), NASA on exabytes. These data contain
TMI derived global oceanic measurements of wind
speed (with and without use of 10.65 GHz chan-
nel), integrated water vapour, cloud liquid water,
sea surface temperature and rain rate (with and
without use of 10.65 GHz channel). This product is
used to find algorithm for rain rate measurement
from MSMR brightness temperatures.

2.3 PR data

The PR is the first rain radar in space. Its primary
goal is to provide a three-dimensional structure
of quantitative rainfall, particularly of the vertical
distribution over land as well as over oceans.

In the present study the monthly surface rain-
fall known as TRMM PR Level-3 standard product
is used. The Earth Observation Research Cen-
tre, National Space Development Agency of Japan
(EORC, NASDA) provided the data set. The data
used are called 3A25G2 and are available in high-
resolution grid 2 (0.5◦×0.5◦) in binary format. The
PR algorithm provides the rain intensity at the
nearest bin from the surface, which is not influ-
enced by ground clutter in each angle bin.

3. Data analysis and results

MSMR measurements are converted into bright-
ness temperature and are provided with a data
set. For this study we used MSMR grid-2 (75 km)
data that contained brightness temperatures in 10,
18 and 21 GHz channels. Data over the oceans are
selected, using global topography data, ETOPO5,
generated by Defense Mapping Agency (USA). In
order to avoid any possible contamination by the
land area, MSMR data that is 2◦ away from
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(a) (b)

Figure 1. (a) Rain rate (TMI) versus MSMR 10 GHz (V ) brightness temperature, (b) same as 1(a) but for 10 GHz (H).

(a) (b)

Figure 2(a and b). Same as figure 1 (a and b) but for 18 GHz brightness temperature.

the land only is selected for this study. First,
the MSMR brightness temperature data from
14th–23rd July 1999 covering the global oceans
are extracted and colocated with near concurrent
TMI Wentz finished-product data set. TMI data
are available on resampled cell of about ∼ 10 km.
Before colocating with MSMR observations, TMI
rain rate data are averaged in 8 × 8 grid to make
it spatially compatible to the size of MSMR grid-
2. Due to high spatial and temporal variability of
rainfall, two data sets are colocated within a spa-

tial difference of 0.25◦ and temporal difference of
10 minutes, to ensure more than 50 per cent spatial
overlap within small time difference (as compared
to the life span of a typical convective cell) of two
data sets of TMI and MSMR.

Figure 1 (a and b) shows the colocated TMI
rain rate (RR) and MSMR brightness temperature
for 10 GHz (Tb10) channels. In order to improve
visibility of the large number of points falling
towards low rainfall values, a logarithmic scale
for rainfall is used. Good correlations are found
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(a) (b)

Figure 3(a and b). Same as figure 1 (a and b) but for 21 GHz brightness temperature.

between TMI RR and MSMR Tb-10 GHz chan-
nels. A second order polynomial fit explains corre-
lation for 10 GHz vertically polarized Tbs (Tb10V)
about 0.69 and that for horizontally polarized Tbs
(Tb10H) about 0.75. Similarly, figure 2 (a and
b) and 3 (a and b) show relationships between
TMI RR and Tbs from 18 and 21 GHz channels,
respectively. Like figure 1, in figure 2 and 3 also
the rain rate is plotted on a logarithmic scale. A
second order polynomial fit explains correlation
between TMI logarithmic RR and MSMR Tbs is
significantly high in case of all the 6 channels.
For 18 GHz V (Tb18V) and H (Tb18H) correla-
tion with rain rate is about 0.62 and 0.64, respec-
tively, and that for 21 GHz, V (Tb21V) and H
(Tb21H) channels is 0.51 and 0.56, respectively.
In order to have large variability over logarith-
mic scale, the plotted rain rate in all three fig-
ures is in µm/h (i.e., 10−3 mm/h) In general, the
correlation of RR with H polarized Tbs appears
comparatively higher as compared to the V polar-
ized Tbs for all three frequencies, with a fall
in the value from 10 GHz to 21 GHz frequency.
This is in agreement with the results of Gairola
et al (2000) where they presented sensitivity of
MSMR channels to rain rate using radiative trans-
fer simulations.

Multiple regressions of RR and Tbs were
attempted further from different channels of
MSMR. Multiple correlation using linear and
non-linear forms of the regression equation are
attempted. Non-linear form is selected based on the
general nature of brightness temperature with RR
(Wilheit et al 1991). The linear form is selected as
follows:

RR = a0 + a1Tb10V + a2Tb10H + a3Tb18V

+ a4Tb18H + a5Tb21V + a6Tb21H (1)

The non-linear form selected is as follows:

RR=a′
0 + a′

1 ln[280–Tb10V ] + a′
2 ln[280–Tb10H]

+ a′
3 ln[280–Tb18V ] + a′

4 ln[280–Tb18H]
+ a′

5 ln[280–Tb21V ]+a′
6 ln[280–Tb21H] (2)

where, Tb10V, Tb10H, Tb18V, Tb18H, Tb21V
and Tb21H are brightness temperatures for
corresponding channels, a0, a1, a2, a3, a4, a5, a6
are regression coefficients for linear fit and
a′

0, a
′
1, a

′
2, a

′
3, a

′
4, a

′
5, a

′
6 regression coefficients for

nonlinear fit.
In order to develop a most appropriate algo-

rithm, we used different combinations of brightness
temperatures in equation (2) and worked out val-
ues of multiple correlation (R), error of estimation
(E), error in each coefficient (Ec), and F-test. We
have chosen algorithm for rainfall estimation from
MSMR for which R, E and Er are optimum. In
equation form, this algorithm results in the follow-
ing equation:

RR(mm/h) = 241.1 − 17.57 ln[280–Tb10V ]
− 40.65 ln[280–Tb10H] + 5.478 ln
[280–Tb18V ] + 5.621 ln[280–Tb18H]

(3)

Using this equation, daily global rainfall from
MSMR is computed for all the days of August 2000
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Figure 4. Upper panel – MSMR derived monthly averaged August 2000 rain rate. Lower panel – PR derived monthly averaged August 2000 rain rate.
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Figure 5. Upper panel – MSMR derived monthly averaged January 2001 rain rate. Lower panel – PR derived monthly averaged January 2001 rain rate.
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Figure 6. Difference of MSMR and PR rain rate for August 2000 (upper panel) and for January 2001 (lower panel).



264 A K Varma et al

Figure 7. (a) Scatter plot between MSMR and PR monthly rain rate from figure 4. (b) Scatter plot betweem MSMR and
PR monthly rain rate from figure 5.

and January 2001 and then averaged in 2.5◦ × 2.5◦

to produce monthly averaged rain rate maps. The
upper panel of figure 4 shows the monthly aver-
aged MSMR rain rate map for August 2000. For
comparison, the lower panel shows the PR rain
rate. The data plotted in PR map are averaged in

2.5◦ × 2.5◦ latitude-longitude grid. The correlation
coefficient and rms difference between MSMR and
PR rain-rates is found as 0.71 and 0.18 mm h−1 for
August 2000 and 0.74 and 0.18 mm h−1 for Jan-
uary, 2001, respectively. The difference of MSMR
and PR rain rate is plotted in figure 6 (upper
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panel). Similarly, for January 2001, MSMR and
PR, rain maps are shown in upper and lower pan-
els of figure 5, and the difference of the two is
plotted in figure 6 (lower panel). Figure 7 (a and
b), shows the scatter plot of monthly average rain
rate from MSMR and PR from figures 4 and 5,
respectively.

The MSMR rain rates, as presented in figures 4
and 5 (upper panel) are reasonably well matched,
qualitatively, with PR rain rate. All major rain
events are nicely picked up by MSMR. The low rain
regions are also well presented by MSMR. Quan-
titative comparison of monthly average MSMR
and PR rain rate (figures 6 and 7), suggests that
MSMR systematically over estimate the rainfall
values. A line of best fit in both (a) and (b)
of figure 7 suggests an equal and small intercept
of 0.03, and nearly identical slope of 0.39 and
0.40, respectively. While comparing the figures, it
is important to note that the characteristics of
the satellites, sensors, time of observation, and
nature of algorithms for measurement of rain rate
from two satellites is not the same. MSMR orbit
is designed by keeping in view the requirement
of the other IRS-P4 onboard sensor Ocean Color
Monitor (OCM), and thus they are not appropri-
ate to capture known diurnal variability of trop-
ical rainfall. It crosses over the equator at noon
and at midnight. Hence, some discrepancies are
obvious. Despite this fact, the general nature of
rain events picked up by them, especially along
the South Pacific Convergence Zone (SPCZ) and
Inter Tropical Convergence Zone (ITCZ) in the
Pacific are very well matched. In the Indian Ocean
region, the vigor of monsoon is represented well
by MSMR. In general, it appears that MSMR
has the potential for rainfall measurement over
oceans.

4. Conclusions

Unlike TMI and SSM/I, which are capable of pro-
viding rainfall over the land as well as over sea,
MSMR is able to provide rain measurements only
over the oceans due to non-availability of high
frequency (85 GHz) channels. PR is a state-of-art
sensor for rain measurement. The MSMR derived
monthly rain values are in good comparison with
similar values from PR. Some discrepancies in the
two rain maps are possible because of a variety
of reasons as stated earlier. In the light of the
results of the WetNet PIP-2 project, where large
discrepancies are reported among various SSM/I
algorithms (Smith et al 1998), the comparison of
monthly averaged PR and MSMR derived rain
rates is very encouraging.
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