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Launch Vehicle Family
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CARTOSAT CARTOSAT -- 11
PAN PAN -- 2.5M, 30 KM, 2.5M, 30 KM, 

F/AF/A

RESOURCESATRESOURCESAT--11

LISS3 LISS3 -- 23 M; 4 XS23 M; 4 XS

LISS4 LISS4 -- 5.8 M; 35.8 M; 3--XSXS

AWIFS AWIFS –– 57 M; 457 M; 4--XSXS

20032003

20032003

20042004

IRS-1C (1995) LISS-3 (23/70M,

STEERABLE PAN  (5.8 M);

WiFS (188M)

IRS-1D (1997) LISS-3 (23/70M,

STEERABLE PAN  (5.8 M);

WiFS (188M)

IRS-P2 (1994)

LISS-2

IRS-P3 (1996)
WiFS MOS X-Ray,

IRS-P4 (1999)

OCEANSAT OCM, MSMR
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CARTOSATCARTOSAT--22
PAN PAN -- 1M 1M 

MEGHAMEGHA--TROPIQUESTROPIQUES
SAPHIR SAPHIR 

SCARAB & SCARAB & 
MADRASMADRAS

20042004

20052005

OCEANSAT OCM, MSMR

IRS-1A & 1B ( 1988 & 91) LISS-1&2 (72/36M,

4 BANDS: VIS & NIR)

IRS Series of SatellitesIRS Series of Satellites



Spectral Response of Vegetation
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Spectral Properties of Vegetation
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NOAA-AVHRR WiFS LISS-IIIOCM

1km 360m 188m 23.5m

1m 5.8m

Progress in Imaging Technology
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PANIKONOS
IRS 1C/1D PANIKONOS

1m 5.8m



Landsat-TM IRS LISS-III

Progress in Imaging Technology….
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Landsat-TM IRS LISS-III

IKONOS MX IRS LISS-3+PAN



IKONOS Image of FRI Plantations, Dehradun
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Forest Crown Density Mapping using LISS-4 Data
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20-40%

60-80%

<20%

>80%

40-60%



Forest Cover in India in 1972-75
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Forest Cover in India in 1980-82
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Proper Season of Data for Forest Mapping

Forest Vegetation Type/Region Season

1. Humid/moist evergreen and semi-evergreen 
in W. and E. Ghats

Jan – Mar

2. Humid and moist evergreen/semi-evergreen 
in NER and A & N islands

Feb – Mar

3. Trop. moist deciduous in N. and C. India Nov – Jan
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4. Temp. evergreen in W. Himalayas Apr – Jun

5. Temp., subalpine/alpine evergreen/deciduous 
in Jammu and Kashmir

Aug – Oct

6. Dry deciduous/scrub in arid/semi-arid region Oct – Dec

7. Coastal/mangrove Jan – Mar         
(low tide)



Satellite Image

Enhanced Image

Available
Ground truth

Ancillary
Information

Image Enhancements

Preliminary Digital/Visual 
Interpretation

From Data to Information
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Ground truth Information

Classified Image (Interim)

Map/Information

Interpretation

Field Checking & Corrections

MONITORING, ANALYSIS/MODELLING, 
PLANNING, MANAGEMENT



Interpretation Key

Forest Cover 
Classes

Tone/ 
Colour

Size Shape Texture Pattern Location Association

1. Evergreen 
Forest

B. Red Large Irregula
r

Fine Irregular High hills Surrounded by 
semi-evergreen 
forest

2. Semi-
Evergreen

M. Red Small - do - Mottled Mottled High to 
medium 
elevation

Between 
evergreen & 
moist deciduous

3. Moist 
Deciduous

B. Red Large - do - Coarse Irregular Medium 
elevation

Between semi-
evergreen and 
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Deciduous elevation evergreen and 
moist deciduous

4. Dry Deciduous Brown Small - do - - do - - do - Lower 
elevation

Mainly with 
agriculture land

5. Degraded R. 
Brown

- do - - do - Very 
coarse

- do - On hills 
and 
plains

With plantation, 
agriculture, etc.

6. Scrub L. Red - do - - do - Coarse Mottled/
patchy

Along 
sea 
shore, 
low hills, 

Amidst 
plantations, dry 
deciduous 
forests and agri. 
areas



Visual Interpretation of Imagery (Ranikhet)
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Map

IRS LISS-III



Digital Interpretation of Imagery (Arunachal)
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(Mosaic of 21 LISS-III Scenes)



Vegetation Type Map of Arunachal
Trop. Evergreen
Trop. Semi-evergreen
Mixed Moist 
Deciduous
Sub-Trop. Evergreen
Temp. Broad-leaved
Conifers
Dipterocarpus
Bamboo mixed
Pine
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Fir
Rhododendron
Hollock 
Riverain
Degraded forest
Abandoned jhum
Scrub
Grasslands
Sand/Dry River bed

Agriculture
Barren/Fallow land
River/Water Body
Settlement
Shadow
Cloud
Snow



Large Area Forest Resources Assessment
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SPOT- VEGETATIO Classified Map 2000

TREES 2/GLC 2000-IIRS/JRC



Environmental Monitoring of Mining
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Kudremukh Mine



Monitoring Cyclonic Floods

iirs

IRS LISS-III
Pre-Cyclone (11 Oct 1999)

IRS LISS-III
Post-Cyclone (5 Nov 1999)



Assam

Arunachal Pradesh

Arunachal Pradesh

TM  (1994)

TM  (1999)

Deforestation Monitoring (Assam)
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Assam

Assam

Arunachal PradeshLISS-3 (2001)



Total Deforestation in Sonitpur, Assam
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No Fire (Feb 19, 2002)

Forest Fire Monitoring (Karnataka)
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Fire (Mar. 06, 2002)

Bhadra Reservoir



IRS LISS-3 Image of Shifting Cultivation Area
(Garo Hills, Meghalaya)
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Global Fires



Forest Fire Monitoring (Simlipal TR)
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ENHANCED DATA

Dark Pink - Severely Burnt
Light Pink - Burnt

CLASSIFIED DATA (27-03-94)

Yellow - Burnt Areas



Tsunami Impact Assessment
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Predictive Modelling of Forest Cover

1989

19801975
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Non-Forest
Forest

Spatial Regression Model

2050

1995 2000

1989



Global Forest Cover Today
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Global Forest Cover 8000 Years Ago
Backward Modelling
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Soil, Vegetation-Atmosphere Carbon Flux Monitoring 



Tree Species Discrimination
Gregarious broadleaved

and coniferous forest tree

species of western

Himalaya were effectively

discriminated applying

support vector machine

(SVM) algorithm (overall

accuracy 82.27%) on

optimally selected 29

EO-1 Hyperion bands.

Estimation of Foliar Nitrogen
Estimation of foliar Nitrogen of

Moist Sal forest in Doon valley was

attempted using Hyperion.1510nm

is associated with Nitrogen

absorption. Log Normalized NDNI

performed better than other

indices.

Hyperspectral Remote Sensing 

EO-1 Hyperion bands.



Interferometry and Water Cloud Model

Dudhwa NP

Variable importance as 
predicted by Random Forest

Forest Biomass/Carbon Assessment 
Spaceborne LiDAR (ICEsat GLAS)

High forest biomass density (>200 ton/ha) was

effectively modelled using semi- empirical

Interferometry & Water Cloud Model (IWCM) in Dudhwa

N.P., U.P.

Comparison of SVM and Random Forest 
prediction accuracies for forest biomass estimation 

Dataset
SVM R2 

value

RF R2 

value

Lidar (ICESat) 0.699 0.687

WorldView-2 

Spectral
0.601 0.594

WorldView-2 

Texture
0.515 0.665

Combined 0.887 0.835



H. Suaveolens (Vilayati Tulsi)

Mapping and Modelling Distribution of Exotic Invasive Weeds 

Spectral response in Nov. month

Invasion in part of Doon valley



Monitoring of Lantana in Open and 
Degraded Forests

2 3

4

6
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1. Lantana, 2. Sal, 3. Teak, 4. Forest Depot,
5. Ficus, 6. Sal mixed

Cartosat-1+ LISS-IV 
Merged (11.04.2004)

Cartosat-1 Ortho Image
(10.10. 2005)

1

2

5

3



Emerging Remote Sensing Tools
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IKONOS Image of Part 
of the Doon Valley

Avenue Tree Mapping 
using Image Segmentation 



Biodiversity Project in India (1998-2010)











Biodiversity Information System (BIS)
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https://bis.iirs.gov.in



http://bis.iirs.gov.in www.ibin.gov.in 

Indian Bio-resources Information Network (IBIN)
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Products and Publications 



Biodiversity Characterization
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Phase-I 
-

Phase-II –



¯False Color Image of North-East India
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¯Vegetation/Land Cover in North-East India
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Disturbance Regimes in North-East India¯
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Low
Medium
High
Very High
Non-Forest
Sand
Water
Shadow
Snow/Cloud



Forest Fragmentation in North-East India
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Low
Medium
High
Very High
Non-Forest
Shift. Cultivation
Water
Shadow
Snow/Cloud



Plant Richness in North-East India ¯

Very Low
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Very Low
Low
Medium
High
Very High
Shift. Cultivation
Agriculture
Sand
Water
Shadow
Snow/Cloud



Satellite Image

L. Use

Ancillary Data

Slope Drainage

Composite Composite 

Soil Hydrogeom.

Socio-Economic 
Data

Climate

Sustainable Development Planning
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ACTION 
PLAN

Composite Composite 
Land Unit (CLU)Land Unit (CLU)

ImplementationImplementation & Monitoring& Monitoring

Contemporary
Technologies

People’s
Participation

Environmental
Considerations



Sustain. Development of U. Hatni W/S, Jhabua

Soil Map

Land Use/Land Cover

Kharif

Rabi

Land w/wo scrub

Stream

Road

Slope
Nearly level
Very gently sloping
Gently sloping

Strongly sloping
M. steep/steep slope

Moderately sloping

Lo.skl.mix.hythmic.li.u.tents

Lo.skl.mix.hythmic.ty.u.tents Valley fill

HydrogeomorphologyComposite land unitsSoils
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Lo.skl.mix.hythmic.ty.u.tents
F.lo.skl.mix.hythmic.ud.ucrepts

Cl.skl.montmor.hythmic.li.u.tents

Lo.skl.montmor.hythmic.ty.ucrepts
F.lo.mix.hythmic.ty.ucrepts

F.lo.mix.hythmic.flu.ucrepts

Valley fill
Lava plain I
Lava plain II

B. pediment-S

B. pediment-MD
B. pediment-D
Denudational hill I
Denudational hill IIAgro-forestry

Agro-horticulture
Intensive agriculture
Sivipasture
Existing double crop

Action Plan Map



Crop Cover in Upper Hatni from 1992 to 1997

IRS-1B LISS-II (1992)

Low density vegetation

Vegetation Change (NDVI)
1992-97

IRS-1C LISS-III (1997)
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Vegetation in 1992 Increase in Vegetation

1992 - 1533 ha 
1997 - 2321 ha 

Low density vegetation

High density vegetation

1992-97: +788 ha
Watershed - 9160 ha



Aerosol Monitoring over India
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Aerosol Monitoring.…
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Land Capability, 
Water Availability

Environmental Constraints

Growing Stock
& Yield

Forest Type
& Density

Ecological 
Condition

State Forest DepartmentsStatus
(CF/PF/PA)

Working
Status

National Forest Information System (NAFIS)

REMOTE SENSING DATA
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GIS ENVIRONMENT
WII

(PAs)
CSWCRTI

FRI
(R&D, Silvicult., 
Management &

Utilization)

BSI
(Flora)

ZSI
(Fauna)

NRSC/SAC/RRSCs
(R&D, Complimentary)

NATIONAL FOREST INFORMATION SYSTEM
(NAFIS)

FSI
(National Forest 

Status)



Wildlife Information System (WILIS)

External Data Sources External Models and Expertise

*Map conversion                                                     * Model integration

*Image processing                                                  * Knowledge engineering

*Data filtering * Interoperobility

Data and Information Pre-Processing
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Visualization Query Shell Hypertext

Information System Analytical System

Database GIS Model
Criteria/
Rules



Bamboo Forests in North-Eastern India

Forest (Tree Clad Areas)
Alpine Pastures

Bamboo Forest / Abandoned Jhum

Gangtok
Itanagar

Guwahati
Kohima

Nepal

Bhutan

China
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Sand
Agriculture / Home Garden
Current Jhum

Barren Land
Water
Settlement

Shadow / Unclassified

Snow / Glacier / Cloud

Grassland
Wetland

Alpine Pastures

State Boundary

International Boundary

Shillong

AizawlAgartala

Kohima

Imphal

Myanmar

Bangladesh



Wildlife Habitat Evaluation

Toposheets
Satellite 
Imagery

Field Survey

Forest Density Map

Reconn. Survey
& Habitat Use Data 

Collection

Forest Type MapElevation

Prox. to Road

Slope

Aspect
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Habitat Suitability Map

Multiple Logistic Regression
Model

Prox. to Road

Prox. to Settlem.

Prox. to Water



Wildlife Habitat Evaluation….
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LiDAR (Light Detection And Ranging)

• Active airborne sensor emits 
several thousand infrared laser 
pulses per second.

• Operates on principle that if 
location and orientation of laser 
scanner is known, we can 
calculate a range measurement 
for each recorded echo from a 
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for each recorded echo from a 
laser pulse.

• Components of system include 
INS (inertial navigation system),  
airborne differential GPS, and 
laser scanner. 

• Range measurements are post-
processed and delivered as x,y,z 
coordinates.

Courtesy: Spencer Gross 



Tree Crown Shapes and Sizes from LiDAR Data
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LiDAR for Forest Structure Analysis 

LIDAR measures three-dimensional forest structure:

- “Small-footprint” vs. “large-footprint” systems

- “Continuous waveform” vs. “discrete return” systems

- Many small footprint, discrete return LIDAR systems can 
acquire multiple measurements from a single laser pulse

100%50%

Pulse emission
0

20

nanosec meters

0

6
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100%50%

100%50%

100%50%

100%50%

first return 

second return 

fourth return 

20 6

0
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80

100

120

140

0

6

12

18

24

30

36

42

100%50%

third return 
100%50%

no return  

Courtesy: Spencer Gross 



Principles of LiDAR Sensing
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DSM and DTM from LiDAR

DSM
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DTM



Digital Surface Model of a Forest Area
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Canopy Height Over Terrain
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3D Perspective View of Forest from LiDAR
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Constraints

� Cloud, Fog, Snow, Rain, Dust Storm, Smoke etc.

� Negligible information about under-storey vegetation.
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�Reflectance, though directly related to green biomass, is 
not so well related to timber or wood/grey biomass.

�Species identification in mixed forests often a problem 
although hyperspectral data has been helpful of late.



Milestones in Forest Remote Sensing 

1. 1965 Establishment of Pre-Investment Survey of 

Forest Resources (PISFR) at Dehradun

Bamboo/wood survey using aerial 

photographs

2. 1966 Establishment of Indian Photo-

Interpretation Institute (IPI) at Dehradun

Natural resources inventory using 

aerial photographs and training

3. 1981 Establishment of Forest Survey of India 

(FSI) at Dehradun

Biennial forest cover monitoring using 

satellite imagery

4. 1975 Establishment of National Remote Sensing 

Agency (NRSA) at Hyderabad

Natural resources survey and  

monitoring using aerial photos and 

satellite imagery 
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5. 1976 Takeover of IPI by NRSA, Dept. of Space, 

Govt. of India

Inclusion of satellite and other forms 

of remote sensing 

6. 1979 Satellite remote sensing survey of natural 

resources of Nagaland

First large area application of digital 

image interpretation for NR survey 

7. 1982 Nationwide forest cover mapping on 1:1M 

scale using Landsat MSS data

First-ever forest cover monitoring in 

India using satellite imagery for two 

periods, 1980-82 and 1972-75

8. 1995 Establishment of Centre for Space Science 

and Technology at IIRS campus, Dehradun

Natural resources survey, training and 

education in Asia-Pacific Region

9. 1998 Nationwide landscape level biodiversity 

survey on 1:250,000 scale

Completed in 2010 (1998-2010)



“The satellite imagery and related technology is one
of the top ten advances in forestry in the past one 
hundred years”

- Society of American Foresters
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“Remote sensing can play a prominent role in
promoting growth for sustainable Development”

- Rio Conference, 1992

Thank you
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Thank you


