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Everybody talks about the weather but 
nobody does anything about it.nobody does anything about it.

- Charles Dudley Warner



Weather is the condition of the atmosphere
– at a particular location and moment.– at a particular location and moment.

The condition of the atmosphere is
– expressed according to the following:

Temperature
Humidity (relative humidity, dew point)
PressurePressure
Wind Speed and Direction
Cloud CoverCloud Cover
Precipitation (type and amount)



Weather Climate

Instantaneous Description of what 
weather is usually like in a 

Instantaneous 
description of what the 
atmosphere is doing at 

weather is usually like in a 
region (large or small).
Not just the average 

atmosphere is doing at 
a particular time and 

place

Not just the average 
weather, but a 

description of what the place description of what the 
extremesare like too. 



Indian Metrological Department(IMD)

Global Weather Services 

Indian Metrological Department(IMD)
(http://www.imd.gov.in/)

NCMRWF (MOES)NCMRWF (MOES)
(http://www.ncmrwf.gov.in/)

National weather servicesNational weather services
(http://www.weather.gov/)

KNMI
(www.knmi.nl)

Accuweather

(www.knmi.nl)

Met Office UK: Weather and climate change
(www.metoffice.gov.uk)

Accuweather
(http://www.accuweather.com/) Australian Weather services

(http://www.bom.gov.au/)

Japan weather servicesSkymet

Private
Japan weather services
(http://www.jma.go.jp)

Skymet
(http://www.skymetweather.com/) 
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• Observe atmosphere from Earth orbit• Observe atmosphere from Earth orbit
• Two kinds of satellites

– Geostationary– Geostationary
– Polar orbiting
– Equatorial orbiting– Equatorial orbiting

• Two methods of observation
– Passive– Passive
– Active



Geostationary Meteorological Satellites

Geostationary meteorological satellites are launched under the
WWW (World Weather Watch) project organized by the WMO
(World Meteorological Organization), which will cover all the(World Meteorological Organization), which will cover all the
earth with five satellites.

The Operational Geostationary Meteorological Services
From :

• INSAT Series (India),• INSAT Series (India),
• METEOSAT (ESA)
• GMS(Japan)
• GOES -E & GOES -W ( USA)• GOES -E & GOES -W ( USA)
• GOMS ( Russia)
• FY-2 ( China)



METOP

Polar Orbiting Satellites

MTSAT (JAPAN)

ODIN (SWEDEN)

OKEAN (UKRAINE)OKEAN (UKRAINE)

JASON (FRANCE)

ERSERS

JERS

UARS

RADARSAT

OCEANSAT

NOAANOAA

ENVISAT

TRMM

DMSP

EOS-TERRA



Operational Meteorological Satellite systems during last 30 years



Synopsis of operational meteorological satellite systems, from the 
beginning up to about 2030beginning up to about 2030



Evolution of the space-based sub-component of the Global Observing 
System of near future system and current systems( 2010) 



Plans for continuity of observations from the geostationary orbit until about 2030.
Meteosat Third Generation Meteosat (MTG, Europe), GOES-R and follow-on
(USA), FengYun (FY-2 and FY-4, China), Electro-L (Russia), INSAT (India), MTSAT and(USA), FengYun (FY-2 and FY-4, China), Electro-L (Russia), INSAT (India), MTSAT and
MTSAT follow-on (Japan) and COMS (Communication Ocean and Meteorological Satellite,
Korea).



Parameters available from satellites for medium range weather prediction

Parameters
Spatial
Resolution

Repetivity Accuracy Satellite / Instruments
Parameters Resolution

Prognostic Variables

Cloud Motion Winds Exact Press.
Levels

6 Hours 1 m/s INSAT – VHRR

Water Vapour Winds Exact Press
Levels

6 Hours 1 m/s INSAT – 2E

Surface Winds 0.25° X0.25° 6 Hours 1 m/s OCEANSAT-2, ERS-2, 
ADEOS-1&2, METOP

Temperature Profiles 125 Km 6 Hours 1 ° K TOVS/AMSU, ADEOS-2 (Partly)

Relative Humidity
Profiles

125 Km 6 Hours 5 % AMSU, MHS, ADEOS-2

Precipitable Water 125 Km 6 Hours 0.01 mm SSM/I, TRMM, IRS-P4,  ADEOS-2

Precipitation 0.25° X0.25° 3 Hours 20 % SSM/I (6 hr'ly), ADEOS-2, 
IRS-P4, TRMM, AMSU

Near Surface Air
Humidity

125 Km 6 Hours 1° K, 10 % AATSR, AMIR-type

Surface Pressure 0.25° X0.25° 6 Hours 0.5 hPa MP Sounder

Vertical Velocity 0.25° X0.25° 3 Hours 0.01 m/s MST radar

Cloud Water 125 Km 3 Hours 20 % SSM/I, IRS-P4, ADEOS-2, TRMM



Surface Parameters

Parameters available from satellites for medium range weather prediction

Surface Temperature 1° X 1° 1 Day 0.5° K NOAA-AVHRR, ERS-2 ATSR,
ADEOS-1&2, ENVISAT, EOS-AMI

Land Surface
Temperature

1° X 1° 1 Day 0.5° K AIRS
Temperature

Snow Cover 0.25° X0.25° 1 Day 10 % INSAT, NOAA, ERS-2, 
ADEOS-1

Soil Moisture – 10 cm 0.25° X0.25° 1 Day 0.02 m3/m3 SAR, INSAT, RADARSAT, 
ERS-2, METOP, Oceansat-1&2

Albedo–Visible 0.25° X0.25° 1 Day 1 % INSAT, NOAA, ERS-2, 
ADEOS-1ADEOS-1

Albedo–NIR 0.25° X0.25° 1 Day 1 % INSAT, NOAA, ERS-2,
ADEOS-1

Sea Ice Cover 0.25° X0.25° 1 Day 10 % SAR, Altimeter-ERS

Sea Ice Depth 0.25° X0.25° 1 Day 0.2 m SAR, Altimeter-ERS

Snow Equivalent 0.25° X0.25° 1 Day 0.5 mm SAR, Altimeter-ERSSnow Equivalent 0.25° X0.25° 1 Day 0.5 mm SAR, Altimeter-ERS



Satellite observations relevant to air-sea interaction

Parameters to be Required 
Observation

Parameters to be 
Measured

Sensors required Example

Energy & Water Incoming Radiation Rd Solar Radiation sensors VISSR

Budget experiment
Over a limited area 

(or Cloud Amount)
Back radiation Ru
Surface Wind U
Upper Layer wind U(Z)
Water Temperature             w(Z)

Visible and Infrared

Radiometer

Wind scatterometer

Microwave Radiometer

Infrared Radiometer

Air temp. profiler 

NSCAT

SSM/I, MSMR

VISSR/

AVHRR, VAS 

Water Temperature             w(Z)
Temperature                           T(s)

Air temp. profiler 

Momentum Flux by 
Bulk Method 

Surface wind U Wind Scatterometer NSCAT  & 
Quicksat

Sensible Heat Flux by Surface wind                        U Wind Scatterometer NSCATSensible Heat Flux by 
Bulk Method 

Surface wind                        U
SST                                         Ts
Surface Air temp.                   Ta
Air-Sea temp. Differen        Ta-Ts 

Wind Scatterometer

Radiometer

NSCAT

AVHRR

Latent heat Flux by Surface Wind                   U Wind Scatterometer NSCATLatent heat Flux by 

Bulk Method

Surface Wind                   U
Temperature                   Ts
Moisture                             e

Wind Scatterometer
Radiometer
Multichannel   Microwave
Radiometer

NSCAT
AVHRR
SSM/I



INDIAN SATELLITES INDIAN SATELLITES 

AND AND 

EARTH OBSERVATION SYSTEMSEARTH OBSERVATION SYSTEMS



INSAT SERIESINSAT SERIES
• To watch in-situ growth and decay of weather phenomena like

cumulonimbus cells, fogs etc. cumulonimbus cells, fogs etc. 
• To track the movements of migrating systems like tropical 

cyclone,   monsoon depressions etc. 

APPLICATIONS

Identifying and locating primary synoptic systems like surface 
Lows, troughs and ridges, jet streams, regions of intense Lows, troughs and ridges, jet streams, regions of intense 
convective activity, inter-tropical convergence zone (ITCZ) etc.

Snow cover, Dust storm,Cloud Motion VectorsSnow cover, Dust storm,Cloud Motion Vectors
Rainfall estimation,Precipitation
Numerical Weather Predictions (NWP)
Onboard:Onboard:
INSAT 1A
INSAT 2A, 2B, 2C, 2D, 2E
I NSAT 3A, 3B, 3C, 3E, 3D(Dec 2013)  I NSAT 3A, 3B, 3C, 3E, 3D(Dec 2013)  
KALPANA & 
4 A, 4B,4C& 4CR and  4D



Indian National Satellite System ( INSAT)

• The Indian National Satellite (INSAT) system is a joint venture of the
Department of Space (DOS), Department of Telecommunications
(DOT), India Meteorological Department (IMD), All India Radio (AIR)(DOT), India Meteorological Department (IMD), All India Radio (AIR)
and Doordarshan. E

• Established in 1983, INSAT has become one of the largest domestic
communication satellite systems in the Asia Pacific Region with eight
satellites in operation - INSAT-2E, INSAT-3A, INSAT-3B, INSAT-3C,
communication satellite systems in the Asia Pacific Region with eight
satellites in operation - INSAT-2E, INSAT-3A, INSAT-3B, INSAT-3C,
INSAT-3E, KALPANA-1, GSAT-2 and EDUSAT.

• A Very High Resolution Radiometer (VHRR) with imaging capacity in• A Very High Resolution Radiometer (VHRR) with imaging capacity in
Visible (0.55-0.75 micron), Thermal Infrared (10.5-12.5 microns) and
Water Vapour (5.7-7.1 microns) channels and providing 2x2 km, 8x8
km and 8x8 km ground resolution respectively.km and 8x8 km ground resolution respectively.

• A Charge Coupled Device (CCD) camera providing 1x1 km ground
resolution in Visible (0.63-0.69 micron), Near Infrared (0.77-0.86
micron) and Shortwave Infrared (1.55-1.70 microns) bands.



Satellites in Service

INSATPayloads 

• Meteorological payloads on INSAT series of satellites are:• Meteorological payloads on INSAT series of satellites are:
• Very High Resolution Radiometer (VHRR) 
• Data Relay Transponder (DRT) 
• Charged Coupled Device Camera (CCD) - on INSAT-2E only• Charged Coupled Device Camera (CCD) - on INSAT-2E only

• INSAT series of satellites have two channels for imaging:
• Visible (0.55 – 0.75 um) • Visible (0.55 – 0.75 um) 
• Infra-red (10.5 – 12.5 um) 
• Spatial resolutions for Visible and IR are 2.75 km and 11 km 

respectively for INSAT-1 and 2 km and 8 km for INSAT-2. respectively for INSAT-1 and 2 km and 8 km for INSAT-2. 

• The CCD camera has three additional channels in Visible, Near 
IR and Short-wave IR having spatial resolution of 1 km.IR and Short-wave IR having spatial resolution of 1 km.



IMDPSSystem 

• INSAT Meteorological Data Processing System (IMDPS) was installed in • INSAT Meteorological Data Processing System (IMDPS) was installed in 
1992. 

• It is capable of processing data from INSAT and NOAA series of satellites. 
• It also processes meteorological data from unmanned Data Collection • It also processes meteorological data from unmanned Data Collection 

Platforms (DCPs). 
• The DCP stations record and store hourly data and transmit the same to 

ground processing system using INSAT Data Relay Transponder (DRT). ground processing system using INSAT Data Relay Transponder (DRT). 
Data is processed and transmitted to forecasting offices by IMDPS. 

• Apart from generating cloud imagery, IMDPS has capability of deriving 
meteorological products from data received. 
– Cloud Motion Vectors (CMVs) are derived using triplet images from – Cloud Motion Vectors (CMVs) are derived using triplet images from 

the INSAT satellite. CMVs are generated for 00, 06 and 12 UTC using 
Visible and Infrared imagery. Sea Surface Temperatures (SST) 
are computed from INSAT IR imagery for 00 and 12 UTC. SSTs are also are computed from INSAT IR imagery for 00 and 12 UTC. SSTs are also 
computed from NOAA satellites using multi-channel algorithm. 

– Outgoing Longwave Radiation (OLR) at 2.5 deg. grid is computed from 
INSAT IR data on daily/weekly/ monthly basis. INSAT IR data on daily/weekly/ monthly basis. 

– Quantitative Precipitation Estimates (OPE) are generated at 2.5 deg. 
grid from INSAT IR imagery. 



KALPANA_1
• KALPANA-1 is an exclusive• KALPANA-1 is an exclusive

meteorological satellite which was
launched by PSLV on September 12,
2002. The satellite comprise a
VHRR and a DRT payload to provideVHRR and a DRT payload to provide
meteorological services. It is
located at 74 degree East longitude.

Forthcoming SatellitesForthcoming Satellites
• INSAT-3D

INSAT-3D carries the state-of-the-
art meteorological payloads
namely 6 channel imager and 19namely 6 channel imager and 19
channel sounder. The launch is
planned during 2007-08.

• INSAT-4 Series
• INSAT-4 series is planned to have• INSAT-4 series is planned to have

seven satellites. INSAT will have
about 225 active transponders in
various frequency bands by 2008,
which can cater to the demand up
various frequency bands by 2008,
which can cater to the demand up
to 11 GBPS capacity with present
day technology.



I RSI RS--P7 (OceansatP7 (Oceansat--2)2) -- 20092009

SENSORSSENSORS
•• SCATTEROMETERSCATTEROMETER

MAJOR APPLICATIONSMAJOR APPLICATIONS

SENSORSSENSORS
•• SCATTEROMETERSCATTEROMETER

•• OCEAN COLOUR MONITOR OCEAN COLOUR MONITOR –– II II 

•• ROSAROSA

MAJOR APPLICATIONSMAJOR APPLICATIONS

• Improved Fishery Forecast
• Ocean surface wind vectors• Ocean surface wind vectors
•Ocean Currents
• Phytoplankton Dynamics and Mapping of Algal Bloom

MEGHA -TROPI QUES_2011 MADRAS, SAPHIR and ScaRaBMEGHA -TROPI QUES_2011 MADRAS, SAPHIR and ScaRaB

MAJOR APPLICATIONSMAJOR APPLICATIONS

• Study of large tropical convective system and their life cycle

• Study of atmospheric energy budget in Tropics

• Intra and Inter seasonal variations of tropical systems like • Intra and Inter seasonal variations of tropical systems like 
`Drought,    Floods and tropical cyclone etc.



Bhuvan Services
A standardized GIS database of all space based spatialA standardized GIS database of all space based spatial
information generated under the NNRMS programLand Services

Groundwater 
Prospect
Land use / Land Land use / Land 
cover
Watershed 
Development

Weather ServicesWeather Services
Ocean Services

Potential Fishing 
Zones

Facilities
2D & 3D visualization

Programs

Zones
Disaster Services

Programs

Cartodem-1
NICES

TCHPTCHP
OMT
D26



Introduction :
Earth and Climate Science Area (ECSA) address the geophysical parameter retrieval from satellites pertaining to Atmosphere, Oceans, Land
surface and their interaction. The earth is a coupled system respond to the processes associated with all the spheres and their exchange

National Information system for Climate and Environment Studies (NICES), NRSC/ISRO 

Earth and Climate Science Area (ECSA)

surface and their interaction. The earth is a coupled system respond to the processes associated with all the spheres and their exchange
processes are important to understand and investigate the earth system responses. This will be the primary goal of ECSA. The objectives of
ECSA involve application of satellite data for regional scale environmental impact studies in short term and in the long term for possible
implications to climate change.

Objectives :
ECSA efforts are to derive satellite based geophysical parameters and wherever necessary establish ground based observations to calibrateECSA efforts are to derive satellite based geophysical parameters and wherever necessary establish ground based observations to calibrate
and validate geophysical parameters and as complement to the data base for implementing NICES as part of climate and environmental
data archives with a provision to access and visualize by various ministries, academia and research institutions in the country.

ECSA: present FocusECSA: present Focus

Atmospheric : Oceanic: Land surface :

Aerosols, 
Radiative forcing, 
Black carbon, 

Ocean Chlorophyll,
Surface winds, 
Sea level pressure, 

Soil moisture,
Albedo, 
Snow melt & freeze, Black carbon, 

Atmospheric Chemistry, 
Trace gases, 
GHG’s(CO2,CH4,H2O),
Boundary layer study

Sea level pressure, 
OHC,TCHP, 
Wind stress & wind curl, 
Total currents,
Shoreline changes,
Costal primary productivity
Modeling costal currents

Snow melt & freeze, 
Himalayan lakes, 
LULC, 
Forest fire,
Surface water etc. and
Modeling effortCostal primary productivity

Modeling costal currents
Modeling effort

Soil moisture 
condition-15/6/13


