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R - #AigH A, $i¥, e St AR S geue & fov ey AR Hec-aredias wHg
(Near-real-time) &1 au1 & SRR HTaedS g1 WAPS-IMENRA TN HJAET U faEga &7 & aof &
R fAIRET e 7 g 3uanl §1 greifh, dcase TR &7 e a3t 3R TedliRed & MR |,
¥ A Bt @ Thd € 3R s $o @AW BN €1 3H HeIFA A, gA4 a¥ 2021 3R 2022 F
AT HGH & R #Ra AGH e [3mer (IMD) & eRTceld &t & |1y Jolar sk, a9y &9 &
geiiic AeQ-EIFCe WPl (IMR) 3R geg-tedder Afr (HEM) W eae &fdd #a gu, deemse-
Yceal aN A BT FeAA har Bl P A, HUeT JaUa 3R ST FEee gaua & v #dw
asT & 3¢ HeAd Agcdqol §, S W #Ra & favawehy awi Al a1 glaReaa &= & fAv g@ awr &
HgcaqUT a1 &1 gANT faeawor fafdes Afeew &1 =awor aar 8, Sad ggwawy ok (Correlation
coefficients), &¢ #ieT TR & (RMSE), 3R qaeE PR (Bias scores) fAe §, dAlfd a5 oA
T o % & IMR 3R HEM &fas auT & gfawal & fhdelr 3 aE gl a1

faRQNoT & e Tefer & fF IMR, HEM &1 Jofa # IMD 32T & |1y 3ifteh Holqd Fgdaer aeifer ¢,
gleiifh alell 3caral & el #H Agcaqol &y et §1 RMSE faeeivor & dahd fAerar € & IMR #ieg
3R g™ R #F 3 FEF W A FeT T &1 RACRN &7 3R g ok & Fo Rwdt A7
IMR 3 HEM & 3ftres 3feai wig sieh &1 qeftare faeerwor & ag off 9ar =efar & & IMR 3iRX HEM 38
3R ofXedt oRd & gt &1 Fa gAE oond § 3R I & AgEr oRhw @oe 3R #YT oRa S &
& it gAE oo §1 A Rgerfadi suarg-3meaRa ot egAEr f gdwdr do & fAv few geards
3R TURT 37eATeheT I HTERTRAT HI YWifehd AT &1 Tg 2Mer Foer e HoRrer 3R Fefera srgoieit
& FASA & AU 3uarg-3menia at ITA dehelihl H FUR & Aged W YehIer el gl

ABSTRACT. Reliable and near-real-time rainfall information is essential for meteorology, agriculture, disaster
preparedness, and water management. Satellite-based rainfall estimates are highly useful in continuously monitoring
rainfall across a wide area. However, based on the satellite sensor capabilities and algorithms, these estimates can vary
and have some limitations. In this study, we carried out the validation of satellite-derived rainfall estimates, particularly
focusing on the INSAT Multi-spectral Rainfall (IMR) and Hydro-Estimator Method (HEM), by comparing them to
ground-based measurements from the India Meteorological Department (IMD) during the monsoon seasons of 2021 and
2022. Accurate rainfall data is crucial for agricultural planning, disaster management, and water resource management,
making this research vital for ensuring reliable rainfall measurements across India. Our analysis explores various metrics,
including correlation coefficients, root mean square error (RMSE), and bias scores, to evaluate how well IMR and HEM
capture daily rainfall patterns.

The analysis reveals that IMR generally shows a stronger correlation with IMD data compared to HEM, though

both products exhibit significant regional variations in performance. The RMSE analysis indicates that IMR provides
more accurate rainfall estimates in central and western India. IMR and HEM display higher errors in the Himalayan
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region and parts of southern India. Bias analysis further reveals that IMR and HEM tend to underestimate rainfall in
northern and western India and overestimate it in areas like Gangetic West Bengal and central India. These discrepancies
underscore the need for continuous validation and localized calibration of satellite-derived rainfall estimates to enhance
their accuracy. This research highlights the importance of improving satellite-based rainfall estimation techniques to
support effective weather monitoring and dependent applications.

Key words — INSAT Multi-spectral Rainfall (IMR), Hydro-Estimator Method (HEM), Satellite precipitation
validation, Monsoon, IMD gridded data.

1. Introduction

Precipitation in the form of rain is crucial to the earth
system and human population, particularly in India where
the summer monsoon accounts for over 70% of annual
rainfall. Given that India's economy is mainly agricultural
and irrigation facilities are limited, rainfall significantly
determines crop vyields. Furthermore, uneven rainfall
distribution across the country increases the risk of both
droughts and floods, making it essential to monitor and
measure precipitation to aid agricultural, hydrological, and
disaster management efforts. Precise assessment of
rainfall across temporal and spatial domains plays a
critical role in hydro-meteorological and agro-
meteorological applications and weather monitoring and
forecasting activities (Barros and Lang 2003).

Traditionally, rainfall has been measured using rain
gauges, considered accurate but suffer from limitations in
India due to inadequate spatial coverage, area
representation, and maintenance. As precipitation exhibits
high spatio-temporal variations, rain gauge measurements
fail to capture this variability due to unevenly distributed
networks. Also, maintaining high numbers of RG stations
over remote areas is difficult and hinders its use in real-
time assessment of floods or heavy rainfall events (Hirpa
et al. 2010). In contrast, satellite-based rainfall estimations
provide an advantage by continuously monitoring large
areas regardless of weather conditions. Various satellite
channels use advanced algorithms to estimate
precipitation over a given region. These products are
operationally used by the meteorological and disaster
management community, providing complete geographic
coverage and high temporal resolution (Dinku et al., 2014;
Katsanos et al., 2016), which makes them an ideal
alternative to ground-based measurements for near-real-
time monitoring of rainfall over the entire region of
interest. However, these products have limitations due to
their derived nature. Therefore, they are validated against
ground truth measurements for accuracy before utilising
these satellite-derived rainfall products.

Satellite-based rainfall estimation utilizes geo-
stationary (GEO) and low earth orbit (LEO) satellites.
LEO satellites travel in inclined orbits and revisits the
same location on the Earth approximately twice daily. The
Tropical Rainfall Measuring Mission (TRMM) (Simpson
et al. 1996) was the most widely used satellite mission
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dedicated to precipitation measurements for the last two
decades. It played a key role in developing new satellite-
based rainfall estimation techniques, employing a range of
passive and active sensors that allowed for a comparison
between them. A relationship was derived between the
sensors, which was then used in satellites with only
passive sensors. The current operational LEO satellites for
rainfall estimations are National Oceanic and Atmospheric
Administration (NOAA) and EUMETSAT’s MetOp series
of satellites. The Defense Meteorological Satellite
Program (DMSP) series of satellites also provides rainfall
estimation capability based on microwave, IR/VIS
channels (Kummerow et al., 2001, 2006). However,
microwave-based estimations also have limitations due to
uncertainty in hydrometeor/droplet parameters such as
shape, orientation, and distribution within the large
footprint and the coarser spatiotemporal resolution
(Varma and Pal 2012). The spectral resolution of the
satellite sensor, types of wavelengths used, type of
satellite orbit, scanning speeds, and spatio-temporal
resolution are the governing factors that limit rainfall
estimates through satellites.

Kidd and Levizzani (2011) discuss different
precipitation retrieval techniques based on observations
and spectral wavelengths wused in satellite-based
estimations. A multi-spectral approach is employed to
address the limitations of single-band retrievals, using
information from more than one spectral channel. For
example, the GOES Multi-Spectral Rainfall Algorithm
uses five channels from the GOES satellite to extract
information about cloud and rain extent, derive rainfall,
and apply corrections based on cloud type and
precipitation regime. However, approximations are
applied to these algorithms to address sensor limitations,
resolution, and wavelength used. NWP-derived
parameters are also used in most of these rainfall retrieval
methods, incorporating intrinsic limitations in the satellite
rainfall retrieval products. Hence, continuous validation
against ground truth is necessary to maintain the
advantages of these products in operational applications.

Recent studies have emphasized the importance of
validating satellite-based rainfall estimates to enhance the
accuracy and reliability of these products. The validation
of satellite-estimated convective rainfall products during
the summer cyclone season of 2020 has shown significant
insights into their performance and accuracy, as



