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ABSTRACT

This paper reviews the Indian geostationary meteorological satellite program - INSAT, which started in 1982. Successive
improvements in meteorological payloads onboard the INSAT-series satellites, and their spatial and temporal resolutions
are also highlighted. Currently, third generation of INSAT satellites - INSAT-3D and INSAT-3DR are in orbit and
providing huge volume of data from their meteorological payloads. Imager payloads of both satellites are kept in staggered
mode to provide new dataset at 15-minutes interval. Sounder payload onboard the INSAT-3D is declared its end of life in
September 2020, and currently INSAT-3DR sounder provides useful data at hourly interval. In order to complete
processing of these enormous data from INSAT-3D and INSAT-3DR satellites and their timely dissemination to users,
Multi-mission Meteorological Data Receiving and Processing System (MMDRPS) was installed at the India
Meteorological Department (IMD), New Delhi. Different imageries and geophysical products generated from the imagers
and sounder along with their potential applications are also briefly discussed.

Keywords: Indian National Satellite (INSAT); Very High Resolution Radiometer (VHRR); Infrared Sounder; Charge
Coupled Device (CCD); Indian Space Research Organisation (ISRO); Multi-mission Meteorological Data Receiving and
Processing System (MMDRPS).

1. An Overview of INSAT Meteorological 3DR was completely made (both designed and
Satellite Program fabricated) in India and also launched from India
with an Indian geostationary satellite launch
vehicle. A comprehensive review of the INSAT
meteorological satellite program is given by Joshi et

The Indian National Satellite (INSAT) program is a
series of multipurpose Indian geostationary

satellites i_ntended to satisfy the telecommunication, al. (2003), Kelkar (2019), and Bhatia and Mitra
broadcasting, meteorology, and search & rescue (2021).

operations (Kelkar et al., 1992). The multipurpose

concept of INSAT satellites led to the realization of While INSAT-1 series satellites consisted of
full potential of geostationary satellites in a multipurpose payloads, some of the later satellites
seamless manner. With the launch of the first have not any meteorological instrument. On the
satellite in the series of INSAT namely, INSAT-1A other hand, METSAT, launched in 2002 and later
satellite on 10" April, 1982, satellite meteorology renamed as Kalpana-1, was the first exclusive
accelerated tremendously in India. The INSAT meteorological satellite in the INSAT series (Kaila
meteorological satellite system has an exceptional et al.,, 2002). INSAT-3D is the first Indian
evolution since 1982 (Table 1). Currently, India has geostationary satellite to carry a sounder. It is
third generation of INSAT satellites in orbit. The primarily a meteorological satellite and has no
first four satellites in the INSAT-1 series were only communication transponder except for Data Relay
designed by India but fabricated in the U.S. and Transponder (DRT) and Satellite-Aided Search &
launched by foreign rockets. However, INSAT-2 Rescue (SAS&R) payloads. DRT payload is used
series of satellites and INSAT-3A/3D were for receiving meteorological, hydrological and
designed as well as fabricated indigenously by the oceanographic data from remote, uninhabited
Indian Space Research Organisation (ISRO). The locations over the satellite coverage area from the
latest satellite of the INSAT series namely, INSAT- data collection platforms such as automatic weather
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Table 1. A brief description of INSAT series geostationary meteorological satellites.

Satellite Launch | Position Met. VHRR/CCD Spatial Temporal Resolution
Payloads Channels Resolution
INSAT-1A | Apr 1982 T4°E
INSAT-1B | Aug 1983 | 74°E VHRR Vis (0.55-0.75 pm) 2.75 km 3-hourly
INSAT-1C Jul 1988 93.5°E TIR (10.5-12.5 pm) 11 km
INSAT-1D Jun 1990 83°E
INSAT-2A Jul 1992 T4°E VHRR Vis (0.55-0.75 pm) 2 km
INSAT-2B Jul 1993 93.5°%E TIR (10.5-12.5 pm) 8 km 3-hourly
Vis (0.55-0.75 um) 2 km
VHRR WV (5.7-7.1 um) 8 km 3-hourly
INSAT-2E | Apr 1999 83°E TIR (10.5-12.5 pm) 8 km
Vis (0.62-0.68 um) Six times daily
CCD NIR (0.77-0.86 pm) 1km (03,05,06,07,09 & 11
SWIR (1.55-1.69um) uTC)
Kalpana-1 Vis (0.55-0.75 um) 2 km 3-hourly (2002 — 2005)
(MetSat-1) | Sep 2002 | 74°E VHRR WV (5.7-7.1 pm) 8 km Hourly (2005 — 2008)
TIR (10.5-12.5 pm) 8 km Half-hourly (2008-2017)
Vis (0.55-0.75 pm) 2 km
VHRR WV (5.7-7.1 pm) 8 km 3-hourly (2003 — 2008)
INSAT-3A | Apr2003 | 93.5°E TIR (10.5-12.5 pm) 8 km Hourly (2008 — 2016)
Vis (0.62-0.68 um) Six times daily
CCD NIR (0.77-0.86 pum) 1km (03,05,06,07,09 & 11
SWIR (1.55-1.69 um) uTC)
Vis (0.55-0.75 pum) 1km
SWIR (1.55-1.70 um) 1 km
INSAT-3D Jul 2013 82°E VHRR MIR (3.80-4.00 pm) 4 km Half-hourly
INSAT-3DR | Sep 2016 74°E Sounder WV (6.5-7.1 um) 8 km
TIR1 (10.3-11.3 pm) 4km
TIR2 (11.5-12.5 pm) 4 km
stations, automatic rain gauges and Agromet case of INSAT-2 series satellites and INSAT-3A

stations. All INSAT-series meteorological satellites
listed in Table 1 had a DRT payload onboard.
SAS&R payload started from INSAT-2 series
satellites, and it is not a meteorological instrument.
It is used to pick up and relay alert signals
originating from the distress beacons of maritime,
aviation and land-based users to the Indian Mission
Control Centre.

The capability of the imaging radiometers namely,
Very High Resolution Radiometer (VHRR) carried
by the INSAT satellites has increased successively.
INSAT-1 series satellites viz., INSAT-1A/B/C/D
and INSAT-2A/B carried a 2-channel VHRR
operating in visible (0.55-0.75 um) and thermal
infrared (TIR; 10.5-12.5 pum) regions (Joseph et al.,
1994). Their resolutions at the sub-satellite point
were 2.75 km for visible channel and 11 km for TIR
channel in case of INSAT-1 series satellites, which
increased to 2 km for visible and 8 km for TIR in
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satellite. The INSAT-2E satellite, for the first time
carried a 3-channel VHRR with an additional water
vapour channel (WV; 5.7-7.1 um) having spatial
resolution of 8 km (Bhatia et al., 1999). This
satellite also carried the first Charge-Coupled
Device (CCD) instrument having three channels in
visible (0.62-0.68 pm), near infrared (NIR; 0.77-
0.86 um) and shortwave infrared (SWIR; 1.55-1.69
um) regions (Bhatia and Gupta, 1999). CCD
instrument provided day-time imaging at a spatial
resolution of 1 km for each channel. The design of
the VHRR systems on the INSAT-3A and Kalpana-
1 was similar to that of INSAT-2E. Similar to
INSAT-2E, INSAT-3A also carried CCD payload
for day-time imaging. The temporal resolution of
the VHRR payload is also increased from 3-hourly
in the INSAT-1/2 series to half-hourly in Kalpana-1
and INSAT-3A from 2008 and INSAT-3D/3DR
satellites. Both INSAT-3A and Kalpana-1 had been
decommissioned and discontinued since September
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2016 and  September 2017, respectively.
Meteorological observations and derived products
from these INSAT series satellites have shown to
be vital for a wide range of applications including
weather monitoring and prediction (Veeraraghavan
and Tiwari, 1984; Pal et al., 1989; Kelkar and Rao,
1990; Agnihotri, 1993; Singh et al., 2006; Singh et
al., 2007; Srinivasan and Joshi, 2007; Bhatia and
Sharma, 2013; Bhattacharya et al., 2013; Konduru
et al., 2013; Manikiam and Nagaraja, 2015; Patel et
al., 2015; Vyas et al., 2015; Chattopadhyay et al.,
2016; Kishtawal, 2016, 2019; Agarwal et al., 2019;
Nayak, 2020; Vyas and Bhattacharya, 2020).

2. INSAT-3D & 3DR satellites

At present, two operational meteorological satellites
in the INSAT-series namely, INSAT-3D and
INSAT-3DR are in orbit. INSAT-3D, launched on
26™ July, 2013, is the most advanced Indian
meteorological satellite located at 82°E (Katti et al.,
2006). It has a 6-channel imager and a 19-channel
atmospheric sounder. The INSAT-3D imager is an
improved design of the VHRR instrument flown on
the Kalpana-1 and INSAT-3A missions. It is
capable of generating the images of the Earth in six
wavelength bands namely, visible (0.55-0.75 pm),
shortwave infrared (SWIR; 1.55-1.70 um) of spatial
resolution 1 km, mid infrared (MIR; 3.80-4.00 pum),
thermal infrared-1 (TIR1; 10.30-11.30 um), thermal
infrared-2 (TIR2; 11.50-12.50 um) of spatial
resolution 4 km and water vapour (WV; 6.50-7.10
um) of spatial resolution 8 km. The selection of
these six channels is based on their distinct
weighting functions and applicability. Visible and
SWIR channels are based on reflectance of the
electromagnetic radiation, weighting functions of
emission based MIR, WV, TIR1 and TIR2 channels
are shown in Figure 1. TIR channel was first time
split into two channels - TIR1 and TIR2 in INSAT-
3D VHRR for more accurate sea surface
temperature (SST) estimation. TIR2 is about two
times more sensitive to low-level WV than TIR1,
and is also called the dirty window channel. The
difference between TIR1 and TIR2 measurements
quantifies the differential WV absorption in the
atmosphere and used to correct the atmospheric
absorption of the upwelling radiation to obtain more
accurate SST estimate (Mathur et al., 2006; Jangid
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Figure 1: Weighting functions of INSAT-

3D/3DR VHRR channels (Rani et al., 2019).

et al., 2017; Ojha and Singh, 2019; Gangwar and
Thapliyal, 2020). MIR channel was introduced to
provide night-time fog and low cloud detection. In
addition, MIR along with SWIR channel enables
better land-cloud discrimination and detection of
surface features. The assimilation of clear-sky WV
brightness temperature from the INSAT-3D VHRR
in the National Centre for Medium Range Weather
Forecasting (NCMRWF) Unified Model (NCUM)
showed positive impact on humidity and upper
tropospheric wind field forecasts. Consequently, it
is operationally assimilated in the NCUM since
2018 (Rani et al., 2019). Moreover, the assimilation
of all-sky WV channel imager radiance
demonstrated positive impact than clear-sky WV
radiances in short-range weather forecasts (Kumar
et al., 2022).

INSAT-3D also carries a 19-channel sounder,
which is the first such payload onboard an Indian
satellite mission. The sounder consisting of 7
channels of longwave infrared (LWIR; 14.71-12.02
um), 5 channels of midwave infrared (MWIR;
11.03-6.51 pm), 6 channels of SWIR (4.572-3.74
um) and one channel of visible (0.695 pum) scans
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Weighting function of INSAT-3D/3DR sounder channels
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Figure 2: Weighting functions of INSAT-3D/3DR sounder channels (Kishtawal, 2019).

the atmosphere for derivation of profiles. The
ground resolution at nadir is nominally 10 km x 10
km for all 19 channels of the sounder. The
weighting functions of each channel of the sounder
except for the visible channel for a monsoon month
are shown in Figure 2. A numerical experiment of
assimilation of clear-sky radiances from INSAT-3D
VHRR WV, TIR1 and TIR2 channels and 18 IR
channels of sounder showed significant
improvement in short-term forecasts of moisture,
temperature, precipitation and wind fields.
However, the assimilation of sounder radiances
showed larger impact than VHRR radiances (Singh
et al., 2016a). The improved tropical cyclone
prediction over the Bay of Bengal through the
assimilation of sounder radiance data in a numerical
model was also demonstrated by Nadimpalli et al.
(2020).

INSAT-3DR was launched on 08" September, 2016
and located at 74°E, which serves as a full on-orbit
backup for INSAT-3D. INSAT-3DR carries similar
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payloads to INSAT-3D. Both VHRRs onboard
INSAT-3D and INSAT-3DR have temporal
resolutions of 30-minutes. Therefore, 48 full disc
images are acquired daily from each INSAT-3D
and INSAT-3DR imager payloads. However, both
VHRRSs are used in stagger mode so that after every
fifteen minutes, a new set of images/product
become available to the users. The VHRR onboard
INSAT-3DR has an additional capability of rapid-
scan, which is turned on during the formation of
tropical cyclones over the North Indian Ocean
(Mohapatra et al., 2021). During the rapid-scan
period, the VHRR provides data for specific six
blocks (out of 36 blocks of full disc image) at about
4.5-minutes interval. Figure 3 shows an example of
rapid-scan images within 30-minutes from the
INSAT-3DR imager and the corresponding full disc
image from the INSAT-3D imager during a tropical
cyclone in the Bay of Bengal. It can be seen that
rapid-scan facility provides six images of the
tropical cyclone within half an hour, whereas users
get one full disc image in this period under normal
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Figure 3: An illustration of rapid-scan images from the INSAT-3DR during the Yaas cyclone on 25 May,
2021. The corresponding INSAT-3D full disc image is also shown.

operation of the VHRR. Rapid-scan images are
very important to characterize and study the rapid
changes in the severe weather systems such as
tropical cyclones (Ahmed et al., 2022; Jaiswal et
al., 2022).

The INSAT-3D sounder has been declared its end
of life in September 2020, and only INSAT-3DR is
now providing useful sounder data. The temporal
resolution of sounder is one hour. The scanning
mechanism of sounder is completely different than
the VHRR and it was revised for INSAT-3DR in
October 2020 after decommissioning of INSAT-3D
sounder. The current scanning mechanism of
INSAT-3DR sounder is shown in Figure 4. The
sounder provides data for either sector A covering
Indian landmass or sector B covering Indian Ocean
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region. At present, INSAT-3DR sounder provides
four images for Sector B and twenty images for
Sector A daily. The qualitative products generated
after processing these satellite data (both imager
and sounder) are disseminated to users for use in
weather forecasting and other applications. In
addition to VHRR and sounder, both satellites have
DRT payloads to receive and transmit in-situ data
from automatic weather stations, automatic rain
gauge and agromet station network of different
institutions from all over India. Also, both satellites
have SAS&R instruments onboard. Similar to
INSAT-3D and INSAT-3DR satellites, INSAT-
3DS satellite is planned to be launched this year in
2023. INSAT-3DS will also have similar
meteorological payloads, viz. six-channel VHRR
and 19-channel atmospheric sounder.
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Figure 4: INSAT-3DR sounder scan sectors and corresponding scan times. Total precipitable water
products for both sectors (i.e., sectors A and B) for a typical day are also shown.

3. MMDRPS at IMD, New Delhi

The Multi-mission Meteorological Data Receiving
and Processing System (MMDRPS) is a state-of-
the-art very advanced meteorological data
processing system. This system is established at
National Satellite Meteorological Centre of the
India Meteorological Department (IMD), New
Delhi in collaboration with ISRO. This system is
operational in IMD since 2020, and has been
formally inaugurated by the Honorable Union
Minister of Science and Technology and Earth
Sciences, Government of India on 15 January,
2021. The MMDRPS is an end-to-end real-time
data processing system with three dedicated Earth
station antennas that enables acquisition,
processing, archival, and dissemination of complete
meteorological data from the VHRR, sounder and
DRT payloads of the INSAT-3D, INSAT-3DR and
upcoming INSAT-3DS satellites (Figure 5). The
system consists of about 100 servers and
workstations, and two-tier objective type storage of
capacity 2 PB each with 324 TB solid state drive
system. This system is very fast as compared to the
previous INSAT Meteorological Data Processing
System (IMDPS), and consequently data reception
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to product generation time is now reduced from 20
minutes for IMDPS to 7 minutes for MMDRPS.
The MMDRPS is also capable to process rapid-scan
data of INSAT-3DR imager conducted during
tropical cyclones over the North Indian Ocean in
real-time. The MMDRPS outputs are widely
utilized for monitoring of severe weather and many
sectorial applications such as defense services,
disaster management, power sector, aviation,
railway, tourism and agriculture. The MMDRPS
products are available on the dedicated webpages at
http://satellite.imd.gov.in/ and https://satmet.imd.
gov. in , and geo-referenced satellite data can be
visualized and analyzed through the online
visualization tool known as Real-time Analysis of
Products & Information Dissemination (RAPID;
https://rapid.imd.gov.in/r2v/). RAPID is an
interactive web-based tool to visualize and analyze
the INSAT-3D/3DR satellite data (also radar,
ground observations and NWP model outputs) in
real-time and provides features of interest to the
scientific community.

Data products generated from INSAT-3D and
INSAT-3DR VHRRs and INSAT-3DR sounder
through the MMDRPS are briefly described here.
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Figure 6: An illustration of western disturbance (WD) over the northern & western India and fog over
the Himalayan foothills (e.g., east Uttar Pradesh, Bihar, North West Bengal and Bangladesh) in the
INSAT-3D TIR1 image and corresponding RGB image during 5 January, 2022.

3.1 Data Products from INSAT-3D and INSAT-
3DR Imager or VHRR

INSAT-3D and INSAT-3DR VHRR imageries for
six channels viz. visible, SWIR, MIR, WV, TIR1,
and TIR2 along with brightness temperatures at
MIR, WV, IR1 and IR2 channels and day/night
microphysics are generated half-hourly for the full
disc and for several sectors such as (a) Asia sector,
(b) High resolution Asia sector, (c) Northeast
sector, (d) Northwest sector, (e) Southeast sector or
Bay of Bengal, (f) Southwest sector or Arabian Sea,
(9) Aviation sector, (h) Aviation sector with routes,
and (i) Pilgrimage sector. These imageries are also
generated operationally for other South Asian
Association for Regional Cooperation (SAARC)
countries namely, Afghanistan, Bangladesh,
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Bhutan, Maldives, Nepal, Pakistan and Sri Lanka.
A complete list of VHRR imageries and products
generated through the MMDRPS operationally with
the help of Space Applications Centre (SAC)-ISRO
is given in Table 2.

Day microphysics or RGB product uses visible
reflectivity, SWIR reflectivity and TIR1 brightness
temperature, while night microphysics uses MIR
brightness temperature, TIR1 brightness
temperature and TIR2 brightness temperature.
These RGB products are shown to be very useful
for the identification and monitoring of severe
weather events (Mitra et al., 2018a, 2019). Figure 6
shows an example of clouds associated with
Western Disturbance (WD) and fog or low clouds
over the western and northern parts of India. The
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identification and discrimination of WD clouds and
fog in TIR1 image are rather difficult, whereas they
can easily be distinguished in the corresponding
RGB image. This example demonstrates the
advantage of RGB imagery over a single channel
VHRR imagery for identification and monitoring of
weather systems. In addition, two cyclone
enhancement images such as the Dvorak
enhancement curve or BD Curve and IMD Curve
(analogous to National Hurricane Center (NHC)
Curve) are also generated regularly. These
imageries play vital role in the estimation of centre,
cloud pattern, and intensity of the tropical cyclones
especially over the open ocean through the Dvorak
technique (Dvorak, 1975; Velden et al., 2006;
Goyal et al., 2017a; Ahmed et al., 2021). During the
cyclonic conditions over the North Indian Ocean,
INSAT-3DR operates in the rapid-scan mode and
provides images at about 4.5-minutes interval.

INSAT imageries are basically used in three ways:
(i) to monitor in-situ growth of weather phenomena
like cumulonimbus clouds, fog, etc., (ii) to monitor
the movement of migratory systems like tropical
cyclones, western disturbances or monsoon
depressions and (iii) to identify or locate primary
synoptic elements such as surface lows, troughs and
ridges, jet streams and regions of intense
convection. There are several geophysical products
operationally derived from the INSAT-3D/3DR
VHRR measurements. Higher temporal resolution
and finer spatial resolution of these geophysical
products make them vital for the study of dynamic
atmospheric and oceanic features (Agarwal et al.,
2019; Mohapatra et al., 2021). A complete list of
these products is given in Table 2 and few major
products are briefly described below. Details of the
algorithms utilized for development of these
geophysical products are given by SAC (2015).
Some of the VHRR products are gridded products,
whereas some of them are pixel level and point
level products.

3.1.1 Outgoing Longwave Radiation (OLR)

The total amount of the thermal radiation that is
emitted from the Earth-atmosphere system to the
outer space is called Outgoing Longwave Radiation
(OLR). OLR is strongly controlled by three main
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meteorological variables, namely the temperature of
the Earth and the atmosphere above it, the presence
of water vapour in the atmosphere, and the presence
of clouds. The OLR estimates are useful for various
applications in climate sensitivity and diagnostics,
numerical weather forecasting and climate models.
Generally, OLR values less than 250 Wm™ would
give a good indication of the cloudiness over the
tropics (Ghanekar et al., 2010). WV, TIR1 and
TIR2 channels of VHRRs are used as input for the
development of OLR product (Singh et al., 2007).
This product is generated half-hourly from both
INSAT-3D and 3DR satellites for 50°S-50°N and
35°E-135°E at pixel scale (~4 km). Recently, daily
gridded OLR product from INSAT-3D was
prepared for 2014-2020 at 10 km resolution and
found to be reasonable as compared to the Clouds
and Earth's Radiant Energy System (Yadav et al.,
2022).

3.1.2 Sea Surface Temperature (SST)

Sea surface temperature (SST) is among the
essential climate variables, and plays vital role in
the air-sea interactions, oceanic circulation and
global water cycle. Accurate estimates of SST are
crucial for the global climate change assessment
and numerical weather and climate prediction
models. SST estimates from both INSAT-3D and
INSAT-3DR satellites are derived from split
thermal window channels (TIR1 and TIR2) during
day-time and using additional MIR window channel
during night-time over cloud-free oceanic regions
(Ojha and Singh, 2019; Gangwar and Thapliyal,
2020). Although infrared-based SST estimates are
available at finer spatial resolution, the presence of
atmospheric water vapour, clouds and aerosols
limits their consistent availability. This product is
generated half-hourly from both INSAT-3D and
INSAT-3DR satellites for 40°S-40°N and 30°E-
120°E at pixel scale (~4 km).

3.1.3 Land Surface Temperature (LST)

Land surface temperature (LST) is one of the key
parameters for the land surface process and climate
studies at global and regional scales. It is one of the
crucial inputs to weather and climate prediction
models, climate change detection, vegetation health
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Table 2. List of INSAT-3D/3DR Imager products operationally generated through the MMDRPS at IMD,
New Delhi

INSAT-3D/3DR Imager Products

Full Disk (11 images) Vis, WV, SWIR, MIR, IR1, IR2, MIR-Brightness Temperature
(BT), WV-BT, IR1-BT, IR2-BT, Day/Night Microphysics
Asia Sector (14 images) Vis, WV, SWIR, MIR, IR1, IR2, MIR-BT, WV-BT, IR1-BT,

IR2-BT, Day/Night Microphysics, IR1-Blended, CTBT,
VIS+IR1BT sandwich

Asia Sector High Resolution (13 Vis, WV, SWIR, MIR, IR1, IR2, MIR-BT, WV-BT, IR1-BT,

images) IR2-BT, Day/Night Microphysics, BD Curve, NHC Curve

NE Sector (8 images) Vis, SWIR, MIR, IR1, MIR-BT, IR1-TB, Day/Night
Microphysics, RGB

NW Sector (8 images) Vis, SWIR, MIR, IR1, MIR-BT, IR1-TB, Day/Night

Microphysics, RGB

Bay of Bengal or SE Sector (13 images) | Vis, WV, SWIR, MIR, IR1, IR2, MIR-BT, WV-BT, IR1-BT,
IR2-BT, Day/Night Microphysics, BD Curve, NHC Curve
Arabian Sea or SW Sector (13 images) Vis, WV, SWIR, MIR, IR1, IR2, MIR-BT, WV-BT, IR1-BT,
IR2-BT, Day/Night Microphysics, BD Curve, NHC Curve

Aviation Sector (8 images) IR1, Vis, SWIR, Cold Clouds, IR1 with route, Vis with route,
SWIR with route, Cold Clouds with route

Pilgrimage (4 images) IR1, Vis, SWIR, IR1-BT

SAARC (84 images) IR1, MIR, WV, VIS, SWIR, IR1-BT, MIR-BT, WV-BT,
Day/Night Microphysics, IR1-Blended, VIS+IR1 BT sandwich,
CTBT

Cloud Mask, Outgoing longwave radiation (OLR), Cloud top
temperature (CTT), Cloud top pressure (CTP), Upper
tropospheric humidity (UTH), Sea surface temperature (SST),
Land surface temperature (LST), Total precipitable water
(TPW), GOES Precipitation Index (GPI), IMSRA (IMR),
Geophysical Products (35 images) Improved IMSRA (IMC), Hydro-estimator (HEM), Storm Index,
Aerosol optical depth, Fog, Fog Intensity, Fire, Smoke, Snow,
Surface insolation, Land surface albedo (LSA), Net effective
radiation, Cloud particle effective radius (CER) , Cloud optical
thickness (COT), Global horizontal irradiance (GHI), Diffused
normal irradiance (DNI), Direct horizontal irradiance (DHI),
Fractional clear area for MIR, WV, TIR1 & TIR2, Clear sky BT
for MIR, WV, TIR1 & TIR2

Wind Derived Products (9 images) Vorticity @850, 750, 500 & 200 hPa, Wind Shear, Shear
Tendency, Mid Shear, Lower Convergence, Upper Divergence
Atmospheric Motion Vector (6 images) IRW, MRW, WVW, VSW, HIGH, LOW

Binned 3-hourly (3 images) IMR, IMC, HEM
MIR-BT, WV-BT, IR1-BT, IR2-BT, OLR, SST, LST Max, LST
Binned Daily (21 images) Min, UTH, GPI, IMR, IMC, HEM, Potential evapotranspiration,

Actual evapotranspiration, Shortwave radiation over ocean,
Surface insolation, LSA, DHI, DNI, GHI
Some geophysical products are also generated as 5-days, 7-days, 10-days, 15-days, and monthly composites.
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monitoring, drought, hydrological studies, forest
fires, etc. LST estimates from both INSAT-3D and
INSAT-3DR satellites are derived from split
thermal window channels (TIR1 and TIR2) over
cloud-free land regions (Pandya et al., 2011). This
product is generated half-hourly from both INSAT-
3D and INSAT-3DR satellites for 40°S-40°N and
50°E-130°E at pixel scale (~4 km). The assimilation
of INSAT-3D derived LST in an NWP model
demonstrated reduction in temperature and moisture
forecast errors by 8-10% (Singh et al., 2016b). In
addition, the assimilation of INSAT-3D LST
observations in the NCUM global model showed a
notable improvement in maximum and minimum
temperature forecasts over India (Lodh et al., 2019).

3.1.4 Upper Tropospheric Humidity (UTH)

Upper Tropospheric Humidity (UTH) is an estimate
of the mean relative humidity of the atmosphere
approximately between 600 hPa and 300 hPa. UTH
is basically a measure of weighted mean of relative
humidity according to the weighting function of the
WV channel. Therefore, UTH is more likely a
representative of the relative humidity around the
atmospheric layer where weighting function of WV
channel peaks. UTH from satellite measurements is
useful to monitor changes in WV in the upper
troposphere. TIR1 and WV channels are used as
input to derive the UTH product (Thapliyal et al.,
2011). This product is generated half-hourly from
both INSAT-3D and INSAT-3DR satellites for
50°S-50°N and 30°E-130°E at pixel scale (~4 km).

3.1.5 Quantitative Precipitation Estimate (QPE)

The quantitative assessment of precipitation is
needed to improve understanding of the behavior of
global energy and circulation patterns as well as the
nature of climate variability. Precipitation is one of
the most variable quantities in both space and time.
Precipitation has direct impact on human life that
other atmospheric phenomena seldom have.
Geostationary weather satellites provide the rapid
temporal update cycle needed to capture the growth
and decay of precipitating clouds. The inherent
limitations of optical channels remain persistent for
rainfall retrieval as surface rainfall is inferred by
cloud top signatures only. There is no direct
physical connection between the rain/cloud and ice
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hydrometeors within the clouds with radiance
emanating from cloud tops to the sensor. However,
large spatial coverage and frequent observations of
the geostationary optical measurements are very
strong points along with the resolution capabilities
of the sensors to retrieve rainfall.

Four QPE products namely, GOES Precipitation
Index (GPI; Prakash et al., 2011; Gairola et al.,
2014), INSAT Multispectral Rainfall Algorithm
(IMR; Prakash et al., 2010; Gairola et al., 2014),
Corrected IMR (IMC; Mahesh et al., 2014), and
Hydro-Estimator Method (HEM; Varma and
Sharma, 2022) are generated each half-hourly from
both INSAT-3D and INSAT-3DR satellites. The
spatial resolutions are 1° for GPI, 0.1° for IMR, and
pixel-level (~4 km) for IMC and HEM products.
HEM product requires additional NWP outputs
such as total precipitable water, relative humidity,
and zonal & meridional wind components from the
National Centers for Environmental Prediction
(NCEP) Global Forecasting System (GFS) model
for the generation of QPE (Varma and Sharma,
2022). INSAT-3D derived IMR and HEM products
showed positive impact on short-range rainfall
prediction when assimilated in a NWP model
(Kumar and Varma, 2017; Bushair et al., 2019).
GPI product is reasonable for large-scale rainfall
estimation at longer temporal scale. IMC product
showed improvement over the IMR product for the
southwest monsoon rainfall estimation (Khan et al.,
2021; Prakash and Bhan, 2023b), whereas no
improvement over IMR was evident for the tropical
cyclone rainfall estimation (Prakash and Bhan,
2023a). IMR and IMC products were shown to be
better for moderate monsoon rainfall estimation,
while HEM was superior for heavy to very heavy
rainfall estimation over the Indian region (Singh et
al., 2018; Mitra et al., 2018b; Kumar et al., 2021;
Malhan et al., 2022). IMR, IMC and HEM products
are operationally generated at half-hourly, three-
hourly and daily temporal scales.

3.1.6 Fog cover and Intensity

During winter months, the spread of fog in India is
very large and it severely affects many activities
such as road transport, railways and aviation
sectors. Fog can reduce visibility to less than 1 km.
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Thus, the spatial and temporal detection of fog
becomes very important. The spatial and temporal
resolutions of the geostationary satellites are
beneficial for real-time detection of fog over large
areas. Fog is a low-lying cloud and its spectral
properties are more related to the underlying
surface in comparison to middle and high level
clouds. Fog products are generated throughout the
day using spectral data of visible, MIR and TIR
channels (Chaurasia and Gohil, 2015). For the
detection of night-time fog, the brightness
temperature difference (BTD) technique utilizing
MIR and TIR channels is used and day-time fog is
detected using temporal differencing technique
utilizing visible and TIR1 data of INSAT-3D/3DR
(SAC, 2015; Chaurasia and Jenamani, 2017).
Detection of fog is represented in binary form such
that value 1 indicates presence of fog and value 0
indicates no fog condition at pixel scale.

Fog is routinely detected from INSAT-3D and
INSAT-3DR VHRRs and are classified into four
categories according to its intensity. Based on
visibility the categories are: 1) Shallow fog (500m
>= visibility < 1000m), 2) Moderate fog ( 200m >=
visibility < 500m), 3) Dense fog (50m >= visibility
< 200m ) and 4) Very dense fog (visibility < 50m).
Based on the corresponding BTD values during
night-time and change in reflectance value during
the day-time, fog intensity product is generated at
pixel scale.

3.1.7 Atmospheric Wind Products

Six products namely, cloud motion vector wind
derived from TIR1 channel, MIR wind derived
from MIR channel, WV wind derived from WV
channel, visible wind derived from visible channel,
high level wind derived from TIR1 and WV
channels, and low level wind derived from TIR1,
MIR and visible channels are regularly generated
through the MMDRPS (Deb et al., 2018, 2020;
Sankhala et al., 2019). These are point level
products. There are four basic steps involved in
atmospheric wind products or atmospheric motion
vectors (AMVS) generation: (a) Tracer selection,
(b) Height assignment, (c) Tracking and (d) Wind
buffer generation and quality control. NWP outputs
along with VHRRs measurements are also utilized
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in generation of these products. AMVs from the
INSAT-3D satellite were found to be comparable
with Meteosat-7 derived AMVs over the Indian
Ocean and assimilation of INSAT-3D/3DR AMVs
through NWP models improved the simulated
intensity and track of the tropical cyclones over the
North Indian Ocean as well as improved the wind
fields, temperature and moisture analyses and short-
range forecasts during the southwest monsoon
period (Deb et al., 2016; Kumar et al., 2016;
Sharma et al., 2021).

In addition, following products are also generated
which are derived from the wind products
(Sankhala et al., 2021): (a) Relative vorticity at 850,
700, 500 and 200 hPa, (b) Wind shear, (c) Wind
shear tendency, (d) Mid-level wind shear, (e) Lower
convergence, and (f) Upper divergence.

Apart from the above mentioned geophysical
products, several other products are also generated
regularly from both INSAT-3D and INSAT-3DR
VHRRs through MMDRPS. Some of these
geophysical products are: (a) Cloud mask, (b)
Cloud top temperature, (c) Cloud top pressure, (d)
Cloud optical thickness, (e) Cloud particle effective
radius, (f) Total precipitable water, (g) Storm Index,
(h) Aerosol optical depth, (i) Fire, (j) Smoke, (k)
Snow cover, (I) Snow depth, (m) Surface insolation,
(n) Land surface albedo, (0) Net effective radiation,
(p) Potential evapotranspiration, (q) Actual
evapotranspiration, (r) Global horizontal irradiance,
(s) Diffused normal irradiance, and (t) Direct
horizontal irradiance. Some of these products are
relevant to cloud microphysical and cloud
properties (John et al., 2019; Lima et al., 2019,
2021; Gangwar and Thapliyal, 2022), whereas
some are useful for hydro-meteorological and agro-
meteorological applications (Shukla and Pal, 2009;
Mishra, 2018; Pandya et al., 2021; Mishra et al.,
2023). Cloud properties and cloud microphysical
products have shown potential for extreme rainfall
and thunderstorm nowcasting over the Indian
region (Goyal et al., 2017b; Shukla et al., 2017).
Furthermore, imager data products from INSAT-
3D/3DR have shown to be vital for analyzing the
spatiotemporal distributions of particulate matter
concentration and for detection of dust storms over
India and surrounding regions (Mishra et al., 2015;
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Table 3. List of INSAT-3DR Sounder products operationally generated through the MMDRPS at IMD,

New Delhi.

INSAT-3DR Sounder Products (For both sectors A & B)

Band Images (18 images)

SWIR (1-6), MWIR (1-5), LWIR (1-7)

Band Temperature (18 images)

SWIR (1-6), MWIR (1-5), LWIR (1-7)

Geopotential Height Profiles (17
images)

1000, 950, 850, 700, 620, 500, 400, 300, 250, 200, 150, 100, 70,
50, 30, 20 & 10 hPa

Temperature Profiles (17 images)

1000, 950, 850, 700, 620, 500, 400, 300, 250, 200, 150, 100, 70,
50, 30, 20 & 10 hPa

Humidity Profiles (12 images)

1000, 950, 850, 700, 620, 500, 400, 300, 250, 200, 150 & 100
hPa

Products (13 images)

Dry Microburst Index, L1 Precipitable Water (1000-900 hPa), L2
Precipitable Water (900-700 hPa), L3 Precipitable Water (700-
300 hPa), Total Precipitable Water Vapour, Total Ozone, Lifted
Index, Wind Index, Cloud top pressure, Cloud top temperature,

Effective cloud emissivity, Max vertical Theta-e, Surface skin

temperature

T-Phi grams for clear sky pixels for about 730 stations

Gupta et al., 2021; Sujitha et al., 2022). Recently,
one new product namely, storm index has been
developed using INSAT-3D/3DR OLR dataset for
real-time thunderstorm monitoring over the Indian
region (Mishra et al., 2023).

3.2 Data Products from INSAT-3D/3DR

Sounder

The 19-channel sounder onboard the INSAT-3D
satellite was the first atmospheric sounder on the
INSAT series satellites which declared its end of
life in September, 2020. Currently, sounder onboard
the INSAT-3DR satellite is providing useful data at
hourly interval. It provides hourly data 20 times a
day for sector A (Indian land region) and 4 times a
day for sector B (Indian Ocean region). The scan
strategy of INSAT-3DR sounder was rescheduled
after decommissioning of INSAT-3D sounder, and
current scan mechanism of INSAT-3DR sounder is
presented in Figure 4. Images of each band and
their respective brightness temperatures are
generated at hourly interval through the MMDRPS.
In addition, profiles of geopotential height and
temperature are operationally generated at 17
different pressure levels between 1000 hPa and 10
hPa. The humidity profiles are generated at 12
different pressure levels between 1000 hPa and 100
hPa. Following products and thermodynamic
variables are also generated from the sounder data
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for clear-sky conditions: (a) Precipitable water
between 1000 hPa and 900 hPa, (b) Precipitable
water between 900 hPa and 700 hPa, (c)
Precipitable water between 700 hPa and 300 hPa,
(d) Total precipitable water vapour, (e) Total ozone,
(f) Dry microburst index, (g) Lifted index, (h) Wind
index, (i) Cloud top pressure, (j) Cloud top
temperature, (k) Effective cloud emissivity, (I)
Maximum vertical theta-e, and (m) Surface skin
temperature. Furthermore, T-Phi grams for clear-
sky pixels for about 730 stations across India are
generated from the INSAT-3DR sounder data. A
complete list of INSAT-3DR sounder imageries and
products are provided in Table 3. Using 3D VAR
data assimilation in a NWP model, larger impact of
clear-sky sounder radiances than VHRR in short-
range weather prediction was noticed (Singh et al.,
2016a). In addition, WV sensitive channels of the
sounder showed higher impact in short-range
precipitation  forecasts when compared to
temperature-sensitive channels.

Vertical profiles and other derived indices from the
INSAT-3DR sounder at about 10 km x 10 km
spatial resolution are getting affected by the
presence of clouds and surface properties.
However, geophysical products for the clear-sky
condition are proven to be very useful in weather
forecasting and understanding the atmospheric
dynamics (Jindal et al., 2014; Parihar et al., 2018;
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Kumar and Ratnam, 2019; Prakash et al., 2022).
Temperature profiles derived from the INSAT-3DR
sounder have been evaluated over India against
radiosonde measurements and positive bias of 1-3
K was reported (Giri et al., 2022). Similar positive
bias in temperature profiles was also observed for
the INSAT-3D sounder derived temperature
profiles over India (Mitra et al., 2015; Ratnam et
al., 2016; Singh et al., 2017). Total precipitable
water product was compared with reanalysis
product and validated against in-situ observations
over the Indian sub-continent, and seasonal and
regional variations in error characteristics were
noted (Rao et al., 2020; Yadav et al., 2020, 2021).
Total column ozone derived from the INSAT-3D
sounder showed good agreement with the
Atmospheric Infrared Sounder (AIRS) and ground-
based observations over India, and proven to be
useful in better understanding of its spatiotemporal
variability across the country (Kumar et al., 2021).
Lifted index, maximum vertical theta-e differential,
wind index and dry microburst index are very
useful for the detection of thunderstorm and
convective activities. Lifted index, maximum
vertical theta-e differential and dry microburst
index are derived from the temperature and
humidity profiles of the sounder. Wind index
provides guidance on the maximum probable wind
gusts, and is derived from the geopotential height,
temperature and humidity profiles at standard
pressure levels. Cloud-free temperature and WV
products from the sounder were also used for the
retrieval of convective available potential energy
over the Indian region (Murali Krishna et al., 2019).
Moreover, a preliminary validation of INSAT-3D
and INSAT-3DR VHRR and sounder products was
jointly carried out by IMD and SAC-ISRO, and an
internal report was prepared in late 2021.
Furthermore, IMD and SAC-ISRO jointly initiated
the reprocessing of historical VHRR data of INSAT
series meteorological satellites in order to generate
a long-term climate data record (CDR) over the
Indian region. This dataset will be useful for
climate change studies and fill the gap in the global
CDR.
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