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INSAT 3DR- Geo stationary Satellite at 74oE

Name Wavelength  Resolution

1 VIS 0.55-0.75 µm 1 km

2 SWIR 1.55-1.70 µm 1 km

3 MIR 3.8-4.0 µm 4 km

4 WVR 6.5-7.1 µm 8 km

5 TIR-1 10.2-11.3 µm 4 km

6 TIR-2 11.5-12.5 µm 4 km

• Launched on 8 September 2016

• Channels: 6 channels in Imager

• Temporal resolution: 30min

• Split bands (TIR1 and TIR2) are used for the SST 

retrieval at 4km 

• Both 30min and Daily products are available

Products available at www.mosdac.gov.in

http://www.mosdac.gov.in/
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SST from INSAT-3DR Imager using 1-DVAR Technique

The relationship between geophysical parameter and satellite measurements can be written in a 

generalized form as:

𝑦 = 𝐹 𝑥 + 𝑒 (1)

By inverting above equation, the most likely geophysical parameters (x) can be retrieved that can 

reproduce the top-of-the atmosphere brightness temperatures, y. 

The inversion technique 1DVAR or optimal estimation is used to invert the equation.

Assuming the forward model is a general function of  the state, the representative (measurement + 

model) error has a Gaussian distribution, and there is a prior estimate with a Gaussian uncertainty 

distribution, the maximum probable state x can be found by minimizing the cost function, J:

𝐽 𝑥 = 𝑥 − 𝑥0
𝑇𝐵−1 𝑥 − 𝑥0 + 𝑦 − 𝑦 𝑥

𝑇
𝑅−1 𝑦 − 𝑦 𝑥 (2)

where, y is the observations with error covariance R; x0 being the prior atmospheric state having 

error covariance B and y(x) is the observations simulated through forward model using atmospheric 

state x.

Rodgers (1976) gives the following iterative solution to the minimization of  J(x):

𝑥𝑛+1 = 𝑥0 + 𝐵𝐻𝑛
𝑇(𝐻𝑛𝐵𝐻𝑛

𝑇 + 𝑅)−1 𝑦 − 𝑦 𝑥𝑛 − 𝐻𝑛 𝑥0 − 𝑥𝑛 (3)

Hn is the sensitivity of  the simulated observations with respect to state variables also known as 

Jacobian matrix.

Gangwar and Thapliyal 2020

Validation with in-situ (iQuam)

Slight under estimation of  higher SST values
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Data and Analysis

• INSAT-3DR L2B Data (2017 – 2024) www.mosdac.gov.in

• Converted to Monthly average for long term analysis

• OISST Data (2017 – June 2023): 
https://psl.noaa.gov/data/gridded/data.noaa.oisst.v2.highres.html

• Converted to Monthly averaged

• INSAT data mapped to 25km x 25km 

• Study Area: 30 - 110 E , 30 S – 30N 

• Regional Analysis: (Time series and Normalised histogram)

• Arabian Sea (AS) : 60E – 70E, 8N – 18 N

• Bay Of  Bengal (BoB) : 80E – 90E , 8N – 18N

• Western Equatorial Indian Ocean (EQW): 50 – 60 E, 5S – 5N

• Eastern Equatorial Indian Ocean (EQE): 90E – 100E, 5S – 5N

• Southern Indian Ocean (SIO): 60E – 90E, 20S – 10S

• Inter-annual Variability: Indian Ocean Dipole, Dipole Mode Index (DMI) = 

Difference in SST anomalies averaged in the Western (50E – 70E; 10S – 10N) and 

Eastern Equatorial Indian Ocean (90E – 110E; 10S – Equator)

Study Area. Boxes represent the regions where 

regional analysis was performed.

DMI

http://www.mosdac.gov.in/
https://psl.noaa.gov/data/gridded/data.noaa.oisst.v2.highres.html
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Mean SST (Jan 2017 – June 2023)
OISST INSAT-3DR

Bias

Comparison with OISST
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𝜎2(℃)

Variance (Jan 2017 – June 2023)

Comparison with OISST

• INSAT-3DR nicely 

captures observed SST 

variability

• Warm pool region has 

less variability

• High variability in the 

North Bay of  Bengal, 

North Western Arabian 

Sea, Somali and African 

coast and Southern 

Indian Ocean region

OISST INSAT-3DR
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Regional Analysis

Normalized Frequency Distribution

• Overall good match in the Indian 

Ocean

• Slight discrepancy in the AS and 

EQE

OISST

INSAT-3DR
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Regional Analysis

Time Series Comparison

• Good Match in most of  the regions

• More deviation in the BoB and EQE

• Inter-annual variability nicely 

represented in INSAT-3DR

• Signatures of  regional trends present 

in INSAT-3DR
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OISST

INSAT-3DR
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Inter-annual Variability  (IOD Positive Phase October 2019)

OISST Anomaly INSAT-3DR Anomaly

• IOD Patterns 

nicely picked up 

by INSAT-3DR

• Under 

estimation of  

Positive SST 

Anomalies

∆SST (℃)
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OISST Anomaly INSAT-3DR Anomaly

Inter-annual Variability  (IOD Negative Phase October 2022)

• IOD Patterns 

nicely picked up 

by INSAT-3DR

• Under 

estimation of  

Positive SST 

Anomalies

∆SST (℃)
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Dipole Mode Index

Positive/Negative Phase of  DMI picked up consistently in INSAT-3DR
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Positive IOD

Negative IOD

OISST

INSAT-3DR
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Summary and Way Forward

• 8 year INSAT-3DR SST data analysed

• Large scale mean and variability patterns are nicely captured

• Regional analysis suggest more deviations in BoB and EQE regions

• Dominant modes of  inter-annual variability reproduced well in INSAT-3DR

• Extend the time-series to include INSAT-3D and INSAT-3DS SST

• Make the entire dataset available in GHRSST format
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Overview - Planning of  ISRO satellite systems
A

tm
o

sp
h

e
re

 &
 O

ce
an

These Satellite Data are available in 

MOSDAC site https://mosdac.gov.in

EOS-07 (MHS)

Oceansat-3A (OCM3, SCAT , SSTM, MATHS)

Past Present FuturePresent (limited)

EOS-04/RISAT-1A (C band SAR)

NISAR (L & S band SAR)NASA-

ISRO

EOS-08 (GNSS-R)

INSAT-4th Gen 
(Adv Imager, LM, 

HypSpecSounder)

EOS-09/RISAT-1B (C band SAR)

Microsat-2B

Microsat-2C
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INSAT-3D (IMAGER & SOUNDER)

INSAT-3DR (IMAGER & SOUNDER)

Oceansat-2 (OCM, SCAT, ROSA) 
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INSAT-3DS (IMAGER & SOUNDER)

MT (MADRAS, SAPHIR, ScaRaB, ROSA)

SARAL (ALTIKA, ARGOS)

SCATSAT-1 (SCAT)

Oceansat-3 (OCM-3, SCAT , SSTM)

CNES-ISRO

CNES-ISRO
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TRISHNA (VNIR/SWIR, TIR)CNES-

ISRO
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