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FOREWORD

Forests are important life support system, ensuring the ecological security of the planet. Forest ecosystems are
dynamic and are under constant pressure due to growing population and demand for resources and space.
Their change of state affects climate, ecosystem services, resource availability, livelihoods of the people and
overall well being of the country. Itis therefore, important to know the status of forest on regular basis.

Use of geospatial technology including remote sensing techniques using satellite imagery provides a synoptic
view and its repetitiveness facilitates mapping and monitoring of forest resources. Forest Survey of India (FSI)
under the Ministry of Environment, Forest and Climate Change, Government of India has been mandated to
carry out Forest Cover Mapping on biennial basis using satellite data. FSI does the nation-wide forest cover
mapping on 1:50,000 scale using multispectral IRS (LISS I1l) satellite data since 2001.This has ensured thematic
and spatial consistency which is very important to generate comparable estimates over time and monitor trend
ofthe forest cover changesin the country.

This manual has been brought out for the use of technical personnel of Forest Geo-Informatics Division
responsible for forest cover mapping to essentially standardize the methodology and classification approach
keeping in mind the forest diversity in different physiographic regions of the country. The manual provides a
brief introduction about the organization and its activities followed by separate chapters on the
Implementation Plan which details the internal processes, time lines and Quality Control and Quality Assurance
mechanism. The subsequent chapters deal with detailed methodology, examples and a manual describing the
sequence of stepsinvolved in Forest Cover Mapping.

Apart from the technical personnel of FSI, | hope this manual will be found useful by scientists and foresters
associated with forest mapping and monitoring using geospatial approaches in different institutions and State
Forest Departments.

| congratulate the entire team of Forest Geo-informatics Division under the leadership of Smt. MeenakshiJoshi,
Joint Director, Geo-Informatics Division for bringing out this manual.

Dr. Subhash Ashutosh






Meenakshi Joshi Forest Survey of India
Joint Director Ministry of Environment, Forest & Climate

Forest Geo-Informatics Division Change, Government of India

ACKNOWLEDGEMENT

The primary objective of this manual is to enable adoption of a uniform methodology by the analysts
responsible for Forest Cover Mapping. | wish to express my deep sense of gratitude to Dr. Subhash Ashutosh,
Director General, Forest Survey of India who was instrumental in initiating digital interpretation of Forest Cover
Mapping in his first tenure as Deputy Director at Forest Survey of India, almost two decades ago. This manual is
the outcome of his constant support, guidance and encouragement.

Thanks are due to Shri E. Vikram, Deputy Director, FCM-I, Shri Arun Kumar, Deputy Director, FCM-II, Dr. Sunil
Chandra, Assistant Director, Shri Sanjay Agarwal, Assistant Director, Shri Abhay Kumar Saxena, Assistant
Director, Shri Devi Singh, Assistant Director (I/C) and Shri Sanjay Rawat, Assistant Director (I/C)for their valuable
suggestions and supportin this endeavour.

I would also like to acknowledge significant contribution of Shri S.K. Singh, Assistant Director (I/C), who led the
drafting team and worked tirelessly along with other members,Smt. Nita Goswami, STA, Smt. Savita Semwal,
STA, Smt. Anita Bhunwal, JTA, ShriVikas Gusain, JTA, Smt. Ekta Singh, JTA, Smt. Garima Sharma, JTA, Shri Chander
Mohan Bisht, Sr. Technical Associate, Smt. Deena Yadav, Sr. Technical Associate, Shri Chiranjit Ghosh, Sr.
Technical Associate, Shri Akshay Joshi, Sr. Technical Associate, Shri Sujit Kumar Jolly, Sr. Technical Associate, Shri
Tanay Das, Sr. Technical Associate, Shri Abhishek Chaudhary, Sr. Technical Associate and Shri Anupam Pal, Sr.
Technical Associate who prepared number of drafts before the manual could be finalized.

Suggestions provided by all the Senior Technical Assistants, Junior Technical Assistants and Technical Associates
in fine-tuning of the manual to its present form are greatly acknowledged. Last but not the least, we deeply
acknowledge the untiring efforts of all the past and present team members of FSI who have contributed
immensely over the years in refining the methodology and timely accomplishment of the biennial FCM exercise
withoutfail since 1987.

Meenakshi Joshi






CONTENTS

CHAPTER ONE

Introduction
1.1 About Forest Survey of India
1.2 Forest Cover Mapping: An Overview
1.2.1 Objective of Forest Cover Assessment
1.2.2 User's Perspective
1.2.3 Keeping pace with Technology
1.3 Forest Cover
1.4 Approach
1.5 Limitation of the Forest Cover Assessment exercise
1.6 About the Manual

CHAPTER TWO

Forest Cover Mapping - Implementation Plan
2.1 Introduction 7
2.2 Implementation Plan 7
2.2.1  Volume of work and its distribution 7
2.2.2 Schedule of Activities 9
9
9

OURDNWN-= =

2.2.3  Preparatory Workshops
2.3 Data Procurement

2.4 Image rectification and image improvement 11
2.5 Interpretation 11
2.6  Ground Truthing and Photo Library 12
2.7 Post field corrections 13
2.8 Edge Matching and generation of provisional statistics 13
2.9 Concurrent Quality Checking & Quality Assurance Approach 13
2.9.1 Monthly review 13
2.9.2 Periodic Review 14
2.9.3 QC&QATeam 14
2.9.4 Quarterly Review of Zones by Assistant Directors 14
2.9.5 Final Cross-checking Exercise 14

CHAPTER THREE

Methodology

3.1 Objectives of Methodology 15
3.2 Major steps involved 15
3.3 Data & Software used 15
3.4 Projection 16
3.5 Open Series Maps (OSMs) 17
3.6 Classification Scheme 19
3.7 Use of Ortho-rectified data in 16th cycle 19
3.8 Steps followed for Forest Cover Mapping using ortho-rectified data 21

3.8.1 Radiometric Correction of the ortho-rectified Satellite Data 21

3.8.2 Converting DNs to Radiance and Reflectance 22

3.8.3 Rectification of the previous cycle data as per the ortho-rectified data 25
3.9 Image Interpretation 30
3.10 Use of Collateral data to aid interpretation 31
3.11 Change Layer Preparation 33
3.12 Ground Truthing 35
3.13 Post Field Corrections 36
3.14 Smoothening (clump/eliminate) of the classified layer 36
3.15 Final product generation 36

Vi



CHAPTER FOUR

Step-wise Procedure for Digital Interpretation of Satellite Data for Forest Cover Mapping

4.1 Data Browsing and Scene Selection 41
4.2 Data Ordering 43
4.3 Data Preparation 44
4.3.1 Radiometric Correction of the data 44
4.3.2 Rectification of the previous cycle data as per the current cycle data 45
4.3.3 Image Enhancement 52
4.3.3.1 Contrast Stretching 54
4.3.3.2 Histogram Equalization 55
4.3.3.3 Standard Deviation Stretch 56
4.4  Change Detection 56
4.4.1 Real Change 56
4.4.2 Interpretational Change 56
4.5 Change Assessment 56
4.5.1 Extraction of forested area from the current cycle satellite image using NDVI transformation 56
4.5.2 Discerning the Change Polygons 60
4.6 Water Layer Extraction 64
4.7 Mosaicing of the Change layers and water body layer with previous cycle FCM layer 66
4.8 Generation of Change Matrix File 68
4.9 Ground Truthing 73
4.10 Post Field Correction 81
4.11 Change Maps to SFDs for Validation 81
4.12 Incorporation of Changes as per SFDs report 81
4.13 Statistics Generation 82
4.13.1 Assessment of District-Wise Area 82
4.13.2 Preparation of Forest Cover Change Matrix 84
4.13.3 Assessment of Altitude-Wise Area 86
4.13.4 Assessment of forest cover in different patch size 89
4.13.5 Assessment of forest cover within and outside green-wash area 91
4.13.6 Assessment of forest cover within and outside RFA 93
4.13.7 Assessment water bodies within Forest 93
4.14 Final Map Composition for India State of Forest Report (ISFR) 94
ANNEXURE
Annexure -1 Quality Checking & Quality Assurance checking form (Scene-wise) 97
Annexure - Il Quality Checking & Quality Assurance reporting form (Scene-wise) 98
Annexure - [ll  Abbreviations of State/UTs followed in FCM 99
Annexure - IV Standards of Nomenclature of files 100
Annexure -V  District-wise Forest Cover 102
Annexure - VI Forest cover in Change Matrix 102
Annexure - VIl Forest cover in different patch size classes 103
Annexure - VIII Altitude-wise forest cover 103
Annexure - IX  Forest Cover within and outside Recorded Forest Area 104
Annexure - X Forest Cover within and outside Green Wash Area 105
Annexure - XI - Proforma for Ground Truthing of Forest Cover Mapping 106
Annexure - XIl  Change Code and Color Scheme followed in Forest Cover Classification 107



LIST OF FIGURES

Figure 1.1 FSI's approach for Forest Cover Assessment 5
Figure 2.1 Indicative work allotment distribution chart 8
Figure 2.2 Time Line Chart 8
Figure 2.3 Panoramic photograph of ground location 9
Figure 2.4 Four Directional photograph of change points on ground 11
Figure 3.1 UTM Zonation for India 16
Figure 3.2 Schematic Diagram of the methodology followed in Forest Cover Mapping 18
Figure 3.3 Classification Scheme of Forest Cover Mapping 19
Figure 3.4 Ortho-rectification process of remote sensed image data 19
Figure 3.5 Perspective of pixel from oblique to nadir view 20
Figure 3.6 Difference in Geo corrected and Ortho corrected image : lllustration 20
Figure 3.7 Interaction of solar radiation with objects 21
Figure 3.8 Steps for Radiometric correction 22
Figure 3.9 Model for converting DN to TOA Reflectance 23
Figure 3.10 Difference in the ToA reflectance image and the original image : lllustration 24
Figure 3.11 Rectification of layer stacked data using ortho-rectified reflectance data as reference 25
Figure 3.12 Rectified layer stacked data overlaid on ortho-rectified reflectance data with APM tie points 26
Figure 3.13 Comparison of rectified layer and previous cycle layer overlayed on ortho-rectified reflectance data 26
Figure 3.14 Rectification of subsetted layer stacked data using ortho-rectified reflectance data as reference 27

Figure 3.15 Rectified subsetted layer stacked data overlayed on ortho-rectified reflectance data with APM tie points 27
Figure 3.16 Comparison of rectified layer and previous cycle layer overlayed on ortho-rectified reflectance data 28

Figure 3.17 Comparison of rectified layers and previous cycle layers 28
Figure 3.18 Comparison of rectified Forest Cover and previous cycle Forest Cover overlayed on 29
ortho-rectified data
Figure 3.19 15th Cycle rectified classified layer overlayed on ortho-rectified data 29
Figure 3.20 Occurrence of Lantana, in its full bloom in Punjab: lllustration 32
Figure 3.21 Poor reflectance of vegetation in Tamil Nadu due to water logging: Illustration 33
Figure 3.22 Poor reflectance of Vegetation in Rajasthan due to early leaf shedding 34
Figure 3.23 Poor reflectance of Vegetation in Andhra Pradesh due to leaf shedding 35
Figure 3.24 Standard for Change matrix 37
Figure 4.1 User Login 41
Figure 4.2 Path Based selection of scenes 42
Figure 4.3 Selection of scenes based on date 42
Figure 4.4 Details of selected scene 43
Figure 4.5 Adding selected scenes to the cart 43
Figure 4.6 Pop-Up window showing successfully addition of selected scenes to cart 44
Figure 4.7 Cart of the selected scenes 44
Figure 4.8 Converting Cart to Order 44
Figure 4.9 ToA radiometric correction model 45
Figure 4.10 Metadata of the scene 46
Figure 4.11 Layer stack of previous cycle Forest Cover classified with satellite image 47
Figure 4.12 Layer Stack Tab 48
Figure 4.13 Auto Sync Workstation Tab 48
Figure 4.14 Auto Sync Workstation New Project Window 49
Figure 4.15 GCP marked on the reference and input images using Auto Sync Workstation 49
Figure 4.16 Auto Sync Workstation Process Tab 50
Figure 4.17 APM Strategy 50
Figure 4.18 Advanced Point Matching Strategy 50

2
iX



Figure 4.19 Geometric Model Tab 51

Figure 4.20 Projection Tab 51
Figure 4.21 Output Tab 52
Figure 4.22 Automated GCPs generated by Auto Sync 53
Figure 4.23 Geo-reference output image overlayed on the Reference image 53
Figure 4.24 Model for extraction of Forest Cover Classified layer from stacked image 54
Figure 4.25 General Contrast Tab 55
Figure 4.26 Contrast Adjustment dialogue Box 55
Figure 4.27 Model Maker Tool Box Option 57
Figure 4.28 Selection of NDVI from Model Library 57
Figure 4.29 Execution of NDVI 58
Figure 4.30 NDVI image generated from satellite imagery 58
Figure 4.31 Threshold for vegetated area and respective mask FCC 59
Figure 4.32 Unsupervised Classification using ISO DATA Approach 59
Figure 4.33 Preparing Signature set for Maximum Likelihood Estimation Classification 60
Figure 4.34 Merging of classes 61
Figure 4.35 Maximum Likelihood Estimation 61
Figure 4.36 Making real and interpretational change vector layers 62
Figure 4.37 Rasterisation of the change polygons 63
Figure 4.38 Region Grow Tab 64
Figure 4.39 Region Growing Properties Tab 64
Figure 4.40 Growing Properties Tool 65
Figure 4.41 Region Grow in the satellite image 65
Figure 4.42 Recode of Water Body generated from the AOI by Region Grow tool 65
Figure 4.43 Mosaic Tool 66
Figure 4.44 Forest Cover Classification Scheme 66
Figure 4.45 Clump Function 67
Figure 4.46 Eliminate Function 67
Figure 4.47 Matrix Union Tab 68
Figure 4.48 Matrix Function 68
Figure 4.49 Output of the Matrix Function 68
Figure 4.50 Recode Function 69
Figure 4.51 Recoding of Classes 69
Figure 4.52 Recoding of classes to 0 having no change 70
Figure 4.53 Recode Function 70
Figure 4.54 Recoding change-only file to veg-change-only file 70
Figure 4.55 Erdas Viewer having veg-change-only file and standard color-code file 71
Figure 4.56 Add Class Name Button 71
Figure 4.57 Merge Raster Attribute Columns 72
Figure 4.58 Add Area Button 72
Figure 4.59 Table Column Properties 72
Figure 4.60 Real Change Polygon 73
Figure 4.61 Interpretational Change Polygon 73
Figure 4.62 Raster to Shape file Tab 74
Figure 4.63 Inserting fields in the attribute 74
Figure 4.64 Adding values in the ID Field 75
Figure 4.65 Adding Coordinate value to the Latitude field 75
Figure 4.66 Adding Area value to the Area field 76
Figure 4.67 Attribute field consists of values in the fields 76

Figure 4.68 Page setup for Map composition in Arc Map 76

X



Figure 4.69
Figure 4.70
Figure 4.71
Figure 4.72
Figure 4.73
Figure 4.74
Figure 4.75
Figure 4.76
Figure 4.77
Figure 4.78
Figure 4.79
Figure 4.80
Figure 4.81
Figure 4.82
Figure 4.83
Figure 4.84
Figure 4.85
Figure 4.86
Figure 4.87
Figure 4.88
Figure 4.89
Figure 4.90
Figure 4.91
Figure 4.92
Figure 4.93
Figure 4.94
Figure 4.95
Figure 4.96
Figure 4.97
Figure 4.98
Figure 4.99

Map parameters in Map Frame

Grid generation

Displaying Labels

Final Ground Truthing Map

Real Change from Open Forest to Non Forest: Illlustration
Incorporation of Interpretational Change patches in the forest cover classified
Change Maps to SFD for Validation

Excel Sheet for details of change polygons

Report from the SFDs

Summary Report of Matrix

Summary Function

Interactive Window

Option menu

Report Generation

Area Statistics

Forest Cover Change Matrix

Summary Report of Matrix Function

Interactive (Cell Array)

Normalized area figure of different altitude zones
Normalized area figure of different classes

Recoding forest cover classes to 2 and other classes to 1
Criteria for calculating patch size from 0.01 to 1 sqg. km
Statistics for patch size from 0.01 to 1 sq. km

Normalized area figure of different patch size

Mask function

Summary report of area within Greenwash

Normalized area figure of within Greenwash and outside Greenwash
Extraction of water within the forest area

Forest Cover Classified with customised AOI

Scheme for recording of forest cover classified for Map composition
Final Forest Cover of Chhattisgarh

LIST OF TABLES

Table 1.1
Table 3.1
Table 3.2
Table 4.12

Forest Cover Mapping over the Years
Different Classes of Forest Canopy Density
Sample for Error matrix

Change point Information

77
78
79
80
81
82
82
83
83
84
85
86
86
87
87
88
88
88
89
89
90
90
91
91
92
93
93
94
95
95
96

31
40
81



GLOSSARY

Block Plantation
Tree plantations in compact blocks of more than
0.1 haonlandsoutside recorded forest areas.

Canopy
The cover of branches and foliage formed by the
crowns of trees.

Canopy Cover

The percentage of the ground covered by a vertical
projection of the outermost perimeter of the
natural spread of the foliage of plants.

Canopy Density

Percent area of land covered by the canopy of
trees. Itis expressed as a decimal coefficient, taking
closed canopy as unity.

CartographicLimit
The minimum area of a feature which can be
presented onamap atagivenscale.

Change Matrix

It presents change in forest cover classes for a
given region (State/UT) during the period of two
consecutive assessments in a matrix form by
showing the changes of area from one class to
another.

Crown Area
Itisthe area of horizontal projection of a tree crown
ontheground.

Dense Forest
All lands with a forest cover having a canopy
density of 40 percentand above.

Digital Image Processing (DIP)
Interpretation and classification of digital satellite
data using computer and a DIP software.

Error Matrix (Confusion matrix)

It is @ means to quantitatively assess the accuracy
of classification of a interpreted satellite data.
Under this, the reference data (ground truth) is

e ———————————————————— .
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compared with the corresponding results of the
classification on the randomly selected locations
on category-by-category basis. It is presented in a
square matrix.

False Color Composite
The image generated by projecting any three
spectral bands of the satellite data on the red,
green and blue channels and does not show
featuresintrue colours.

Farm Forestry
The practice of cultivating and managing trees in
compactblocks on agricultural lands.

Forest Area

The area recorded as a forest in the Government
records. It is also referred to as “Recorded Forest
Area”.

Forest Blank
A patchwithin aforestwhich bearsfew or no trees.

Forest Cover

Alllands, more than one hectare in area, with a tree
canopy density of more than 10 percent
irrespective of ownership and legal status. Such
lands may not necessarily be a recorded forest
area.ltalsoincludes orchards, bamboo and palm.

Geographic Information System (GIS)

A computer based system for capturing, storing,
manipulating, analyzing and displaying data, which
are spatially referenced to the earth.

Green Wash
The extent of wooded areas generally shown in
light green colour onthe Sol toposheets.

Hill District
A district with more than 50 percent of its
geographic area under 'hill talukas' based on
criteria adopted by the Planning Commission for
Hill Area and Western Ghats Development
Programmes.



Land Cover

Broad land use classes interpreted from satellite
data. It includes very dense forest, moderately
dense forest, open forest, scrub and non-forest for
the purpose of this report.

Mangroves

Salt tolerant evergreen forest ecosystem found
mainly in tropical and sub-tropical coastal and/or
inter-tidal regions.

Mangrove Cover

Area covered under mangrove vegetation as
interpreted from remote sensing data. It is
includedin the forest cover.

MMU (Minimum mapping unit)

The MMU (minimum mapping unit) is the size of
the smallest feature of a class that can be reliably
mapped (2mm x 2 mm) which corresponds to1 ha.
on 1:50,000 scale for LISSII.

Moderately Dense Forest
All lands with forest cover having a canopy density
between 40to 70 percent.

Net Change (in Forest Cover)

The sum of positive and negative changes in forest
cover over a period of two assessments for a given
area.

Non ForestLand
Land without forest cover.

Open Forest
Lands with forest cover having a canopy density
between 10to 40 percent.

Protected Forest (PF)

An area notified under the provisions of the Indian
Forest Act or other State Forest Acts, having limited
degree of protection. In protected forest all
activities are permitted unless prohibited.

Recorded Forest Area (RFA)
Geographic areas recorded as forest in
Governmentrecords.

Remote sensing

Remote sensing is the science and art of obtaining
information about an object, area, or phenomenon
through the analysis of data acquired by a device
that is not in contact with the object, area, or
phenomenon under investigation.

Reserved Forests (RF)

An area so constituted under the provisions of the
Indian Forest Act or other State Forest Acts, having
full degree of protection. In Reserved forests all
activities are prohibited unless permitted.

Scrub
Degraded forest lands having canopy density less
than 10 percent.

Spatial Resolution

The minimum area on earth's surface that can be
captured by a satellite sensor as being separate
entity from its surroundings and is represented by
a“pixel”.

Spectral Resolution

The range of wave lengths that a satellite imaging
system can detect. It refers to the width and
number of spectral bands. The narrower the
bands, the greater the spectral resolution.

Trees Outside Forests (TOF)
Trees growing outside recorded forest areas.

Tribal Districts
Districts identified as tribal districts under Tribal
Sub-Plan (Government of India).

Unclassed Forests

An area recorded as forest but not included in
reserved or protected forest category. Ownership
status of such forests varies from state to state.

Very Dense Forest
Lands with forest cover having a canopy density of
70 percentand above.

Visual Interpretation

A manual method of satellite data interpretation,
which is based on man's ability to relate colours
and patternsinanimagetoreal world features.



ACRONYMS AND ABBREVIATIONS

AOI - Area of Interest

APM - Automatic Point Measurement

AWIFS - Advanced Wide Field Sensor

CAMPA - Compensatory Afforestation Fund Management and Planning Authority
CBD - Convention on Biological Diversity

CF - Correction Factor

DEM - Digital Elevation Model

DF - Dense Forest

DIP - Digital Image Processing

DN - Digital Number

FAO - Food & Agriculture Organization

FCC - False Colour Composite

FRL - Forest Reference Level

FSI - Forest Survey of India

GA - GeographicArea

GCP - Ground Control Point

GFRA - Global Forest Resource Assessment
GHG - Greenhouse Gas

GIS - Geographical Information System

GPS - Global Positioning System

GW - Greenwash

ISFR - India State of Forest Report

IRS - Indian Remote Sensing (Satellite)

ISRO - Indian Space Research Organization
IWDP - Integrated Wasteland Development Project
LANDSAT - Land Remote Sensing Satellite

LISS - Linear Imaging and Self-scanning Sensor
LULUCF - Land use, land-use change and forestry
MDF - Moderately Dense Forest

MGNREGS - Mahatma Gandhi National Rural Employment Guarantee Scheme
MLE - Maximum Likelihood Estimation

MMU - Minimum Mapping Unit

MSS - Multi Spectral Scanner




Mx - Multi Spectral

NDVI - Normalized Difference Vegetation Index
NF - Non-Forest

NRSC - National Remote Sensing Centre

NDWI - Normalized Difference Water Index

OF - Open Forest

OSM - Open Series Map

PA - Protected Area

PAN - Pan-Chromatic

PF - Protected Forest

PISFR - Pre-investment Survey of Forest Resources
QA - Quality Assurance

QC - Quality Control

REDD+ - Reducing Emission from Deforestation and Forest Degradation
RF - Reserved Forest

RFA - Recorded ForestArea

RMSE - Root Mean Square Error

SFD - State Forest Department

Sol - Survey of India

SRTM - Shuttle Radar Topography Mission

™ - Thematic Mapper

ToA - Top of the Atmosphere

TOF - Trees Outside Forest

UNDP - United Nations Development Programme
UNFCC - United Nations Framework Convention on Climate Change
USGS - United State Geological Survey

) - Union Territory

UT™M - Universal Transverse Mercator

VDF - Very Dense Forest

WP - Working Plan
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