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Indian National Satellite System (INSAT) multi-spectral Rainfall Algorithm (IMSRA) is an operational
rainfall estimation technique of INSAT-3D at Indian Meteorological Department (IMD) and Meteorological and Oceanographic Satellite Data Archival Centre (MOSDAC) since 2014. The IMSRA rain
estimates are widely used for various application studies. This algorithm is based on an empirical powerlaw relation between infrared brightness temperature and surface rain rate. Based on further researches,
some more innovative elements are recognized and incorporated into the parent IMSRA algorithm,
termed as improved IMSRA. The present study evaluates the potential of the two versions of IMSRA
algorithms for estimation of accumulated rainfall and its comparison with Global Precipitation Measurement (GPM) based IMERG rainfall during the 2018 summer monsoon period. Studies suggest
satellite rainfall data at monthly and seasonal scales are better suited for hydrological and meteorological
applications. Much studies are not done towards the evaluation and characterizations of the two versions
of IMSRA algorithms at monthly and seasonal scales, and the present study focuses on such comparisons.
The results indicate that the overestimation tendencies of the older version of the IMSRA algorithm are
reduced in the improved version. The statistical analysis suggests that the updated version show a
reduction *25% error for the improved version in the seasonal estimation of rainfall.
Keywords. Rainfall; INSAT-3D; improved IMSRA; validation.

1. Introduction
Satellite-based rainfall estimates are widely used in
various applications like meteorology, hydrology,
agriculture, etc. Space-borne rain estimation is
mostly based on infrared (IR) and microwave
(MW) sensors. It is an established fact that the
MW based rain estimation is more direct in nature
and near to the physical reality than the IR sensors. Hence, MW based rain estimates have better

accuracy compared to IR sensors. However, MW
sensors are usually mounted on sun-synchronous
satellites and IR sensors on geostationary platforms. Moreover, the state-of-the-art sensor technology provides higher spatial resolution for IR
based sensors. This enables better temporal resolutions and sampling accuracy for IR sensors,
which improves the accuracy of rainfall retrieval
algorithms over accumulated scales (monthly,
seasonal, etc.). Hence, IR based rainfall estimates
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are extensively used for long-term application
studies.
IR based rain estimation algorithms derive rain
from the cloud top temperature measured by the
sensor by establishing an empirical relation
between the emitted signal from the top of the
cloud and the surface rainfall. The pioneering
algorithms for IR based rain estimation were based
on threshold methods (Arkin 1979). These algorithms were further modiBed and improved by
Adler et al. (1994) and Xu et al. (1999) by applying
correction factors to the basic algorithm. They
have proposed these correction factors by comparing IR rain estimates with a better accuracy
MW sensor-based rain data. The auto estimator
algorithm proposed by Vicente (1994) used nonlinear Power-law based regression models for rain
estimation. This technique establishes a Power
law-based relation between IR brightness temperature (BT) and surface rainfall. Power law-based
rain estimation techniques are widely used for
many operational rain estimation algorithms like
Geostationary Operational Environmental Satellite (GOES) multi-spectral rainfall algorithm (Ba
and Gruber 2001).
INSAT Multi-Spectral Rainfall Algorithm
Technique (IMSRA) was developed by Gairola
et al. (2010) and Prakash et al. (2010) as an operational rainfall estimation algorithm over the
Indian summer monsoon region. They developed
this algorithm by calibrating Kalpana-1 IR data
with TRMM-PR surface rainfall. This technique is
used for estimating monthly and seasonal rainfall
for sub-divisional monsoon monitoring over the
Indian region (Mahesh et al. 2014a). Validation of
this algorithm with independent dataset shows
that this algorithm is severely underestimating
extreme rainfall and rainfall over orographic
regions (Prakash et al. 2010; Bushair et al.
2016, 2019). Mahesh et al. (2014b), in their studies,
found that the algorithm shows overestimation
tendencies over the east coast region. They recommended further enhancements to the algorithm
and suggested a three-tier correction procedure for
the algorithm, which adopts an overall calibration
bias correction followed by corrections for orography and cloud growth/decay eAects based on the
study of Woodley et al. (1972). The overall bias
correction is designed based on comparison with
TRMM-3B42 daily average rain. The average bias
between the rain estimates of TRMM-3B42 and
IMSRA rain is absorbed into a polynomial model.
Orographic correction is computed based on a
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climatological ratio bias between IMSRA and
TRMM-3B42 for the orographic regions. Further, a
cloud cooling index correction is incorporated in
the algorithm based on the evolution of clouds in
30-min interval. This three-tier correction
scheme is incorporated into the operational
IMSRA algorithm (Gairola et al. 2016; Mahesh
et al. 2017). The improved version of the IMSRA
algorithm was developed and made operational at
MOSDAC (Gairola et al. 2016) and at IMD.
The present manuscript evaluates the performance of IMSRA and the improved version of the
IMSRA with respect to Global Precipitation Measurement (GPM) based Integrated Multi-satellitE
Retrievals for GPM (IMERG) data. The intercomparison is done at the monthly and seasonal
scale, which is widely used for many application
studies. The comparison is performed for
June–September months of 2018 over the Indian
summer monsoon region encompassing the Indian
landmass and the adjoining oceanic areas.
2. Data used
2.1 INSAT-3D IMSRA rainfall data
Ariane-5 ECA launched the Indian meteorological
satellite, INSAT-3D, in July 2013. This advanced
weather satellite on geostationary platform carries
on-board six-channel multi-spectral imager, nineteen-channel sounder, Data Relay Transponder
(DRT) and Search and Rescue Transponders. The
multi-spectral imager operates in six wavelength
bands, namely Visible (VIS), Short Wave Infrared
(SWIR), Mid Wave Infrared (MWIR), water
vapour (WV), and two bands in thermal infrared
(TIR) regions.
The spectral regions of various channels are
given below:
1.
2.
3.
4.
5.
6.

VIS: 0.55–0.75 lm
SWIR: 1.55–1.70 lm
MWIR: 3.80–4.0 lm
WV: 6.50–7.10 lm
TIR1: 10.3–11.3 lm
TIR2: 11.50–12.50 lm

The VIS and SWIR channels have a 1 km ground
resolution. The WV channel is having a resolution
of 8 km. The spatial resolution of TIR1, TIR2, and
MWIR bands is 4 km. The original IMSRA rainfall
derived using TIR1 and WV is termed as IMR
data, and the improved version after corrections
are termed as IMC Rainfall. INSAT 3D level 2 and
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level 3 geophysical datasets are available through
the site www.mosdac.gov.in.
2.2 GPM-IMERG rainfall data
IMERG V06B products are used in this study.
IMERG is an integrated algorithm that provides
multi-satellite precipitation product, every half an
hour at 0.1° 9 0.1° resolution based on GPM satellite.
This algorithm inter-calibrate, merge, and interpolate all available satellite microwave precipitation
estimates together with microwave-calibrated IR
satellite estimates, precipitation gauge analyses, and
potentially other precipitation estimators at Bne time
and space over the entire globe (HuAman et al. 2015;
Kirschbaum et al. 2016). IMERG also includes temporal interpolation and ‘morphing’ of MW rain rate
estimates using IR data. IMERG V06B ‘Bnal run’
research products are used in this study. IMERG data
is downloaded from Precipitation Processing System
(PPS) (ftp://arthurhou.pps.eosdis.nasa.gov/).
3. Methodology
3.1 Brief description of IMSRA and IMSRA
improved algorithms
The IMR products are based on IMSRA, developed
by calibrating TIR BT measurements with TRMMPR surface rain estimates, to take advantage of the
relative accuracy of the PR-based rain estimates
(Prakash et al. 2009; Gairola et al. 2010). This
algorithm was specifically designed for rain estimation over the Indian summer monsoon region. The
algorithm includes mainly two important steps: (i) a
cloud classiBcation scheme using Kalpana-1 IR and
WV BTs to identify rain-bearing clouds, and (ii)
calibration of Kalpana-1 IR BT with TRMM-PR
surface rain rate using a spatially and temporally
collocated database. Then an empirical Power-law
based regression relation is established between IR
BT and surface rain rate. The cloud classiBcation
follows Roca et al. (2002). This scheme helps to
separate thin cirrus clouds from deep convective
clouds. The rain rate for pixels classiBed as deep
convective clouds is computed using the Power-law
based regression equation of the form (Prakash et al.
2009; Gairola et al. 2010)
R ¼ 8:61309  expð ðTIR 197:97Þ=15:7061Þ:

ð1Þ

Based on the studies of Mahesh et al. (2014b), an
improved version of IMSRA was developed, which is

called IMC rain products. The improved version
incorporates a three-tier correction scheme to the
parent IMSRA algorithm: (i) Overall calibration
bias correction designed, based on comparison with
TRMM-3B42 daily average rain. (ii) Climatological
ratio bias between IMSRA and TRMM-3B42 for the
orographic regions. (iii) Cloud growth correction
based on the dynamic evolution of clouds in a 30-min
interval computed from two consecutive IR images.
The overall calibration bias correction is applied
using a second-degree polynomial equation of the
form (Gairola et al. 2016; Mahesh et al. 2017;
Bushair 2018)
R1 ¼ 1:7542R þ 0:0272R2 0:2247:

ð2Þ

This correction scheme is incorporated into the
operational IMSRA algorithm (Gairola et al. 2016;
Bushair 2018). The Cow chart of the algorithm is
given in Bgure 1.
3.2 Validation
Both IMR and IMC half-hourly rainfall product is
generated for 2018 June–September months. GPMIMERG dataset is obtained from the site. All the
three datasets are brought to 0.25° 9 0.25° resolution by resampling. The monthly and seasonal
accumulated rainfall for June–September 2018 is
computed using this dataset. Both IMR and IMC
rain products are compared with GPM-IMERG
rainfall data at the monthly and seasonal scales.
The rain products are validated over the land and
ocean region spanning 5°–40°N and 65°–100°E.
The rain estimates from IMR and IMC are compared both qualitatively and quantitatively with
IMERG rainfall data.
4. Results and discussions
4.1 Monthly scale validation
The southwest monsoon had its onset over Kerala
coast on 29 May 2018; it further advanced into
parts of the central Arabian Sea, other parts of
Kerala, and coastal Karnataka by 30 May. The
monsoon covered most parts of northeastern and
eastern India including West Bengal and Odisha by
second week of June. In the subsequent weeks, it
covered other parts of India, including Maharashtra, Gujarat, and northern India. The southwest
monsoon covered the entire India by the end of
June (IMD 2018 report). Monthly scale rainfall for
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Figure 1. Flowchart for the correction scheme of improved IMSRA algorithm.

the season 2018 is estimated and validated against
IMERG data at 0.25° resolution. Figure 2 shows
the qualitative comparison of the data. The
Bgure shows that all three datasets have captured
the monsoon progress over the season. In June, it
can be observed that with respect to IMERG data,
IMR shows underestimation over the orographic
regions, including the west coast, northeastern
region, and Arakanyoma mountain regions, which
to a greater extent improved in IMC rainfall data.
Further IMR data show overestimation tendencies
over the eastern region, which is also improved in
IMC rainfall data. In July, orographic regions
show improvement for IMC data compared to
IMR rainfall. Similarly, the overestimation tendencies over the central Indian region shows considerable improvement in IMC rainfall data.
However, it can be observed that both IMR and
IMC underestimates orography induced rainfall
over the west coast. The analysis of August and
September months also suggests the same trend
with respect to IMERG data. The qualitative
analysis of monthly rainfall data suggests that
IMC shows improvement over IMR rainfall data.
However, IMC still shows some underestimation
with respect to IMERG and needs further
improvements over west coast orography induced
rainfall regions.
Further, the IMR and IMC monthly rainfall is
statistically validated against IMERG data; the
scatter plots are given in Bgure 3. The scatter plots
are computed grid-wise between monthly averaged
rainfall data over the Indian region (lat.: 5°–40°N;
long.: 65°–100°E). From the scatter plots, it can be
observed that both IMR and IMC have regions of
underestimation and overestimation with respect
to IMERG rainfall data. These regions may be

corresponding to the orographic induced rainfall
and general overestimation of rain over eastern
and central regions of Indian subcontinent. Compared to IMR, IMC shows considerable improvements in underestimation and overestimation
tendencies of rain. This substantiates the patterns
observed in the qualitative analysis of rainfall
maps (Bgure 2). The scatter plots suggest that
IMC shows improvement in the monthly scale rain
estimates. For the month of June, IMR has a
correlation of 0.77 with an RMSE of 327.22 mm,
whereas IMC shows an improved correlation of
0.85 and RMSE of 307.33 mm. IMC shows the
improved correlation for July and August months
also with a better correlation of 0.73 and 0.68
against 0.57 and 0.60 of IMR data. IMC shows
better RMSE also for July and August with an
RMSE of 323 and 316 mm against 397 and 345 mm
of IMR data. September month shows correlation
values of 0.69 and 0.70 for both IMR and IMC
data. IMR shows marginal improvement of 179
mm against 181 mm of IMC in RMSE for the
month of September. The marginal improvement
of correlation for IMC in the month of September,
maybe, is due to the relatively low rainfall occurred over the region in the month of September. A
small cluster of points on the highly rainy months
of July and August show overestimation tendencies for IMC with respect to IMERGE, which
needs to be thoroughly analysed and corrected in
future versions.
4.2 Seasonal scale validation
The total accumulated seasonal rainfall maps for
all three products are generated and compared.
Figure 4 shows the spatial plots of IMR, IMC, and
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Figure 2. Spatial comparison of monthly rain maps of IMR, IMC, and IMERG over Indian landmass and adjoining oceanic
regions during 2018 southwest monsoon season.

IMERG data for the 2018 southwest monsoon
season. It is evident from the map that with respect
to IMERG, IMR overestimates rainfall over eastern parts, central Indian region, and northern parts
of Indian peninsula. It can also be observed that
IMR underestimates the orography induced rainfall over the west coast, foothills of Himalaya,
northeastern regions, and Arakanyoma mountain
regions. The overestimation tendencies of IMR is
reduced considerably in IMC rainfall data. In the
same way, the underestimation of orographic

induced rainfall by IMR data is significantly
improved in IMC. However, with respect to
IMERG, IMC still needs further improvements for
the overestimation and underestimation trends
showed in the stipulated regions.
The statistical comparison of both IMR and IMC
with IMERG data conBrms these observations
(Bgure 5). The scatter plot suggests that the
overestimation of rain by IMR is considerably
reduced in IMC. The correlation of 0.7 with respect
to IMERG rainfall shown by IMR has improved to
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Figure 3. Comparison of scatter plots of monthly accumulated rain for IMR and IMC against IMERG rain during 2018
southwest monsoon season.

Figure 4. Spatial comparison of seasonal accumulated rain maps of IMR, IMC, and IMERG over Indian landmass and adjoining
oceanic regions during 2018 southwest monsoon season.

0.85 for the seasonal accumulation and RMSE has
reduced from 1001.60 to 733.19 mm seasonally for
IMC. This accounts for *25% improvement for
IMC in seasonal scale estimates of rain. The bias

also has considerably reduced 57.98 mm of IMR to
–5.28 mm of IMC. Computing the statistics
separately for the land and oceanic regions, it is
observed that IMR has a correlation of 0.54 over
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Figure 5. Comparison of scatter plots of seasonally accumulated rain for IMR and IMC against IMERG rain during 2018
southwest monsoon season.

Figure 6. Difference plots of seasonally accumulated rain for IMR, IMC against IMERG over Indian landmass and adjoining
oceanic regions during 2018 southwest monsoon season.

land and 0.86 over ocean with respect to IMERG.
Over land, the correlation of IMC with respect to
IMERG is 0.79 and over ocean, the correlation is
0.92. Similar improvements are observed on
RMSE; over land, the error of IMR is 1079 mm and
over ocean, the error is 787 mm. The RMSE of IMC
over land is 760 mm and over oceanic regions, the
error is 668 mm.
To better interpret the variations in rain
estimates by IMR and IMC with respect to IMERG,
a difference plot of IMR and IMC with IMERG
data is generated (Bgure 6). The difference plot
explains the variations in seasonal rain estimates
over the Indian land and adjoining oceanic regions.
In the case of IMR, the eastern and north regions of
Indian land show overestimation tendencies in the

order of *2000 mm and this is reduced to\1000 mm
for IMC. It can also be inferred from the Bgure
that the underestimation of orography induced
rainfall for IMR data has reduced to \1000 mm
for IMC. This is in line with the above-observed
results.

5. Conclusion
The present study evaluates the performance of
INSAT-3D, IMSRA rainfall data, and the improved version of the algorithm termed as IMR and
IMC. Both the products are validated against
IMERG data during the 2018 summer monsoon
season over Indian land and adjoining oceanic
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region. A comparison of these two datasets against
IMERG data shows that the improved version
(IMC) shows better performance in terms of
decreasing the overall overestimation tendencies of
IMSRA algorithm over the eastern coast, central,
and northern Indian regions. IMC also shows better performance over orographic regions like the
west coast, Himalayan foothills, northeastern
regions, and the Arakanyoma mountain regions.
The parent IMSRA algorithm showed underestimation over these high precipitation regions, and
the improved version shows significant improvement in decreasing the underestimation over these
areas. The statistical analysis of seasonally accumulated rainfall shows that the correlation for IMC
has increased to 0.85 against 0.70 of the IMR. The
RMSE of the improved version is 733 mm against
1000 mm of the older version, which is *25%
improvement in the seasonal estimation of rainfall
over the region. This study also brings out that the
new version still has to address and improve the
stipulated problems of overestimation/underestimation tendencies over the speciBed regions. This
product will have improved applications in rainfall
monitoring, drought assessment, and evaluation
of monsoon performance over the Indian region.
It is presently hosted in real-time at MOSDAC
(https://mosdac.gov.in/) and at IMD. IMSRA
improved algorithm can be considered for combining with other microwave-based rainfall and
gauge based datasets for improving the accuracy of
estimates.
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