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METHODOLOGY

The primary purpose of the methodology is to
familiarize the scientific personnel involved in the
m a p p i n g p ro c e s s w i t h t h e d e f i n i t i o n s ,
classification scheme, procedural steps for
classification and mapping so as to maintain
uniformity in the forest cover mapping and set
standard operational procedures.

The methodology of forest cover mapping involves
a series of steps as shown in fig. 3.2.
3.2 Major steps involved
1. Data preparation
2. Interpretation
3. Identification of change areas
4. Ground truth & post field corrections

3.1 Objectives of Methodology

5. Accuracy assessment
6. Product generation

1. Maintain uniformity and consistency among
the different analyst's work

3.3 Data & Software used

2. Ensure quality output

1. Satellite data : LISS III from Resourcesat-2
ortho-rectified procured from National
Remote Sensing Centre (NRSC), Hyderabad.

3. Minimize subjectivity
4. Ensure long termcontinuity of consistent approach
Spatial Resolution:

23.5 m in all the 4 bands

Spectral Resolution:

Band 2 (Green) 0.52 - 0.59 µm
Band 3 (Red) 0.62 - 0.68 µm
Band 4 (Near Infrared) 0.77 - 0.86 µm
Band 5 (Short wave infrared) 1.55 - 1.70 µm

Radiometric Resolution:

10 bits (Resourcesat-2)

Temporal Resolution (Repetivity):

24 days

Swath (width of the strip):

141 km

Area coverage of one scene:

20,000 sq. km approx.

S.No.

Parameters

Standards

1

Projection

UTM

2

Datum

WGS 84

3

Data resolution

23.5m

4

Cloud cover in the effective area

<10-15%

5

Minimum no. of GCPs to be collected per scene (recommended)

30-50

6

Root Mean Square Error image registration

<1.5 pixel (Hilly terrain)
<1 pixel (Plain)
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1. A d m i n i s t ra t i v e b o u n d a r i e s i n g e o referenced digital layerupto district level, along
with the respective area is procured from
Survey of India (SoI).

2. Arc GIS for GIS Analysis: The software offers a
unique set of capabilities for applying vector
analysis and map composition.
Minimum Hardware Specification

2. Geo-referenced digital layer for Recorded
Forest Area (RFA) is availed from respective
State Forest Departments.

1. Processor: 2.2Gz, Multi-core Processor
2. Operating System: 64 bit
3. RAM: 8GB

Software used

4. Screen size >21 inch.

1. Erdas Imagine for Digital Image Processing:
It's a platform to perform advanced image
processing and spatial modelling to create new
information.

3.4 Projection
Previously, FSI has used Polyconic projection

Fig. 3.1: UTM zonation for India
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system with Everest spheroid and datum as Indian
(Bangladesh). As per National Map Policy (2005) to
provide, maintain, and confirming to make the
data available to national standards, FSI switched
over to Universal Transverse Mercator (UTM)
projection with WGS 84 datum in the year 2013
(ISFR 2013). Under the projection system the entire
globe is divided into 60 north and south zones,
each spanning 6° of longitude. Under this
projection, India is divided into 6 UTM zones which
lies in the range of zones 42 to 47.

3.5 Open Series Maps (OSMs)
OSMs have been introduced as per National Map
Policy 2005 by SoI, primarily for supporting
developmental activities in the country. Each of
these OSMs (in both hard copy and digital form)
has become “Unrestricted” after obtaining a onetime clearance of the Ministry of Defence. OSMs
bear different map sheet numbers and are in UTM
Projection on WGS-84 datum. The availability of
digital OSMs have resulted in updated digital

Sl.No.

CATEGORY/LAYER

DETAILS

SUB DETAILS

1.

GENERAL

2.

ADMINISTRATIVE
BOUNDARIES

Names
Boundary
Boundary Pillars

Administrative/Locality or tribal
International to village, Forest,
all boundary pillars, village trijunctions

3.

COMMUNICATIONS/
ROADS

Roads
Tracks Railways
Embankments
Other Lines

All Roads
All Tracks, pass, footpath
All gauges with stations, tunnels
Light railways or tramway,
All embankments, Road/rail/tank

4.

HYDROLOGY

Stream/Canals
Dams Rivers & Banks
Wells, Water Features

All streams/canals
All earthwork dams
All rivers with details, banks, islands
All wells/tube wells/springs
All Tanks (excluding overhead tanks),
Lightship, buoys, anchorages

5.

SETTLEMENT/
CULTURAL
DETAILS

Towns or Villages
Offices
Settlements

Village inhabited, deserted and forts
Huts, Tower, Antiquities
Religious places, tombs/grave
All post/telegraphic/Police stations hut
All Bungalows

6.

TRANSMISSION LINE

7.

RELIEF/HYPSOGRAPHY

Contours
Sand Features
Ice Forms
Heights
Benchmarks

Contours with sub features
All sand features
Ice forms (all features)
Spot height, Approximate height
Bench marks (Geodetic tertiary, canal)

8.

VEGETATION

Plantations, Trees

All trees, Vine on trellis, grass, scrub.

9.

FOREST

Latitude/Longitude Name of State/ District/
Administrative index Topo sheet Number/Year of
Survey/Edition No./Index to topo sheets Magnetic
variation from true North direction Map reference
Bar scale/Representative Factor

Reserved/Protected
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Fig. 3.2. Schematic Diagram of the Methodology followed in Forest Cover Mapping
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3.7 Use of Orthorectified data from 16th cycle
FCM onwards

boundaries of all latest features in the map. Thus,
FSI has switched to the use of OSMs (1:50,000
scale) from the year 2017.

From the 16th Cycle FCM onwards, ortho-rectified
data in UTM projection, with datum and spheroid
as WGS84 will be used in place of geo-rectified data
for the whole country. The ortho-rectified data has
advantages over geo-rectified data in removing
scale distortions in the image because of altitude
and relief variations.

3.6 Classification Scheme
The classification scheme adopted for forest cover
mapping for different density classes is given in Fig.
3.3.

Ortho-rectification is a process of removing the
effects of image perspective (tilt) and relief (terrain)
effects for the purpose of creating a planimetrically
correct image. The resultant ortho-rectified image
has a constant scale wherein features are
represented in their 'true' positions. This allows for
the accurate measurement of distances, angles
and areas. The resulting accuracy of ortho-image is
based on the accuracy of triangulation, the
resolution of source image and the accuracy of
elevation model.
A view captured from an oblique angle (for
example, 25°, left) must be corrected for relief

Fig. 3.3 : Classification Scheme of Forest Cover Mapping

Fig. 3.4 : Ortho-rectification process of remote sensed image data.
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Fig. 3.5 : Perspective of pixel from oblique to nadir view

Fig. 3.6 : Difference in Geo corrected and Ortho corrected image : Illustration

20

METHODOLOGY

displacement caused by terrain to generate the
orthorectified view (looking straight down, right).
Ortho image is produced by calculating the nadir
view for every pixel

The process improves the interpretability and
quality of remote sensed data. Radiometric
calibration and correction are particularly
important when comparing data sets over a
multiple time period. The energy that sensors
onboard satellites record can differ from the actual
energy emitted or reflected from a surface on the
ground. This is due to the sun's azimuth and
elevation and atmospheric conditions that can
influence the observed energy. Therefore, in order
to obtain the real ground irradiance or reflectance,
radiometric errors must be corrected for The
radiance detected by the sensor includes the
reflected radiation from the Earth's surface as well
as radiation that is scattered in the atmosphere.
This scattering (Rayleigh scattering) is more
pronounced at shorter wavelengths.

Fig. 3.6 shows the two satellite images of the same
geographic area,in which the road passes through
the mountains. In the left, raw or unrectified image,
the road appears to be crooked whereas in fact, it is
not. The image on the right has been orthore c t i f i e d i m a g e a n d t h e ro a d a p p e a r s
planimetrically correct
3.8 Steps followed for Forest Cover Mapping
using Ortho-rectified Data:
3.8.1 Radiometric Correction of the Orthorectified Satellite Data:

The value recorded for a given pixel includes not
only the reflected or emitted radiation from the

Radiometric correction is done to reduce or correct
errors in the digital numbers of satellite images.

Fig. 3.7 : Interaction of solar radiation with objects

21

MANUAL FOR FOREST COVER MAPPING

Fig. 3.8 : Steps for Radiometric correction

Lλ is the cell value as radiance

surface, but also the radiation scattered and
emitted by the atmosphere. The actual surface
values can be achieved by performing the
radiometric calibration.

LMAXλ = Spectral radiance scales to QCALMAX
LMINλ = Spectral radiance scales to QCALMIN
QCALMAX = The maximum quantized calibrated
pixel value

A s e n s o r re c o rd s t h e i n t e n s i t y o f t h e
electromagnetic radiation for each pixel as a Digital
Number (DN). These digital numbers can be
converted to more meaningful units like radiance
or reflectance. Sensor specific information is
needed to carry out this calibration. Metadata file
which is available with the scene, contains this
information.

QCALMIN = The minimum quantized calibrated
pixel value
QCAL = Digital Number
From ResourceSat 2 LISS III Metadata file
LMAXB2 = 52
LMAXB3 = 47
LMAXB4 = 31.5

3.8.2 Converting DNs to Radiance and Reflectance

LMAXB5 = 7.5
LMINλ= 0

The raw Digital Numbers (DN) in the images can be
converted to radiance and then to Top of the
Atmosphere (ToA ) reflectance. Equations rescale
the data based on sensor specific information and
removes the effects of differences in illumination
geometry (different solar angle, Earth-sun
distance).

QCALMAX = 210
QCALMIN = 0
Equation for converting Radiance to TOA Reflectance
ρλ = π* Lλ*d2/ESUNλ*cosθs
Where:
ρλ= TOA reflectance

Equation for converting DN to Radiance:
Lλ = ((LMAXλ- LMINλ)/(QCALMAX QCALMIN))*(QCAL

Lλ = Spectral radiance
d = Earth sun distance

QCALMIN) + LMINλ

ESUNλ= Mean solar exo-atmospheric irradiance

Where:
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θs= Solar zenith angle in radians

The model for the correction has been developed
by FSI, in which ortho-rectified data (current cycle
data) band-wise is to be fed into the model (Fig.
3.9). The earth-sun distance (d) and solar zenith
angle (θs) are to be calculated using the above given

d=1(0.0167086*cos((360/365.256363)*(π/180)*( J
D-4)))
Where:
JD is the Julian Day which can be calculated from
the date of satellite pass.

formula. These coefficients are used to calculate
the ToA reflectance from the Digital Number (DN)
for all the pixels in each band. The output layer
after running the above model for each band
separately are finally stacked to create ToA image.

θs= (90 sun elevation)*(π/180)
Where:
Sun Elevation is obtained from the metadata file
ESUNλ=
-2

Note: The model has to be run on the entire scene before
making subsets

-1

Band

ESUN (in mW cm mm )

B2 (Green)

184.86

B3 (Red)

156.902

B4 (Infra Red)

110.423

B5 (Short Wave Infra Red)

24.33

The above figures illustrate effectiveness ToA
transformation of image in improving discernibility
of raw images. Google earth images are very
helpful in discerning obscured images due to
atmospheric distortions, clouds, shadows etc.

(Source: V. Keerthi and A. Senthil Kumar, At-sensor Solar Exoatmospheric Irradiance, Rayleigh Optical Thickness and Spectral
parameters of RS-2 sensors).

Fig. 3.9 : Model for converting DN to TOA Reflectance
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The difference in the ToA reflectance and the DN image is shown below

DN image

ToA Reflectance Image

Google Earth Image of the same location

Fig. 3.10 : Difference in the ToA reflectance image and the original image: Illustration
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3.8.3 Rectification of the previous cycle data as
per the current cycle ortho-rectified data
·

of the plain regions (Bayanudin A. A & Jatmiko R. H,
2016). In case of hilly terrain, the tolerance for
RMSE is 1.5 whereas in case of plain terrain,
tolerance for RMSE is <1.0.

The previous cycle data, both FCC and classified
are layer-stacked sheet wise. This layerstacked data is further rectified using the
ortho-rectified reflectance data (whole scene)
for making the previous FCM layer exactly
match with new satellite data to the best extent
possible. One can use Autosync module of the
ERDAS Imagine.

·

The classified layer is then separated from the
rectified layer-stacked data. The classified layer
thus obtained is a continuous data which is
then converted into a thematic data.

·

All the sheets falling over a scene are rectified
as per the scene and the sheet-wise classified
layers are mosaiced to get scene-wise output.

·

Note: If a portion of sheet is falling over a scene
then only that portion of the sheet has to be
subsetted and rectified as per the scene.

The mosaiced classified layer (scene-wise) is
then clipped from the boundary of the
concerned State.

·

The Root Mean Square Error (RMSE) of the hilly
terrain is always found to be greater than the RMSE

All scene-wise classified layers obtained are
mosaiced and district-wise area statistics are
generated for the concerned State.

Illustration of undulating terrain

Fig. 3.11 : Rectification of layer stacked data using ortho-rectified reflectance data as reference
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Fig. 3.12 : Rectified layer stacked data overlayed on ortho-rectified reflectance data with APM tie points

Previous cycle satellite image overlayed on
ortho-rectified reflectance data

Rectified stacked layer overlayed on
ortho-rectified reflectance data

Fig. 3.13 : Comparison of rectified layer and previous cycle layer overlayed on ortho-rectified reflectance data
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Fig. 3.14 : Rectification of subsetted layer stacked data using ortho-rectified reflectance data as reference

Fig. 3.15 : Rectified subsetted layer stacked data overlayed on ortho-rectified reflectance data with APM tie points
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Previous cycle subsetted satellite image overlayed on
ortho-rectified data

Rectified subsetted stacked layer overlayed on
ortho-rectified data

Fig. 3.16 : Comparison of rectified layer and previous cycle layer overlayed on ortho-rectified data

Rectified sheets & subsetted sheet overlayed on each other

15th cycle sheets &subsetted sheet overlayed on each other

Rectified sheets & subsetted sheet overlayed on each other

15th cycle sheets & subsetted sheet overlayed on each other

Fig. 3.17 : Comparison of rectified layers and previous cycle layers
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Previous year classified layer overlayed on current
cycle ortho-rectified data after image registration

Previous year cycle classified layer overlayed
on current cycle ortho-rectified data

Fig. 3.18 : Comparison of rectified Forest Cover and previous cycle Forest Cover overlayed on ortho-rectified data

Fig. 3.19 : Previous year Cycle rectified classified layer overlayed on ortho-rectified data
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Once the sheet-wise previous cycle classified layer
is rectified as per the present ortho-rectified ToA
reflectance data,the same exercise has to be
carried out for all the scene falling over the allotted
area. The classified data is further mosaiced to
form scene-wise classified layer.

variables into accounts. The clump eliminate (4
pixel clump and eliminate clumps less than 1
ha) is carried out on this layer to retain patches
above 1 ha.
iv. A similar process from i to iii is to be performed
on the previous cycle (i.e. 15th Cycle) FCC also to
generate another set of NDVI based forest
cover layer for the 16th Cycle assessment.
Subsequently, FCM layer of forth coming cycles
will be at par w.r.t methodology.

3.9 Image Interpretation
Forest cover map of the new cycle based on the
current satellite data is prepared by updating the
previous cycle forest cover map by incorporating
the change polygons. The change polygons are
captured by scientific comparison of the previous
FCM with the intermediate classification derived
from the current satellite data using
unsupervised classification followed by MLE
approach. Ground knowledge of the analyst and
collateral data like ground truth details, forest
inventory plot data, Google earth play a very
important role in image interpretation for forest
cover mapping.

v. On-screen Visual Analysis: Both these NDVI
based forest cover layers are compared on
screen patch-wise to capture change
polygons of all types i.e. gain or loss in forest
cover as well as inter-density forest cover
changes. These change polygons are
validated through collateral data before
incorporation.
vi. The previous cycle forest cover map is updated
by incorporating the change polygons i.e. by
adding the positive changes, deleting the
losses and altering the polygons for interdensity changes.

Steps for image interpretation after data
preparation are as follows:
i.

NDVI quantifies vegetation by measuring the
difference between near-infrared (strongly
reflected by vegetation) and red light (absorbed
strongly). It is probably the most common of the
ratio indices for vegetation. NDVI is calculated on a
per-pixel basis as the normalized difference
between the red and near infrared bands from an
image.

NDVI Transformation: Current satellite data
after ToA
correction is put to NDVI
transformation for segregating non-vegetated
and vegetated areas in the image.

ii. Unsupervised classification: Vegetated part
of the image resulting from the previous step is
classified using ISODATA algorithm into VDF,
MDF, OF, scrub and non-forest (agriculture,
bushy vegetation etc.)

NDVI =

iii. Maximum Likelihood Estimator (MLE): The
signature set for unsupervised classification is
saved for each scene which is further used to
perform maximum likelihood estimator. This is
carried out as MLE is the most suitable
classifier for the input samples/clusters with
normal distribution, as it takes the most

(NIR – Red)
(NIR + Red)

The value for NDVI always ranges from -1 to +1. The
pixels with negative values, are highly likely to be in
the water class. On the other hand, if the NDVI
value is close to +1, there's a high possibility that it's
dense green vegetation.
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For the vegetated part of the satellite data an
unsupervised classification approach using an
ISODATA clustering algorithm is applied, to extract
the clusters of pixel having close proximity to one
of the forest density classes. ISODATA is iterative, in
that it repeatedly performs an entire classification
(outputting a thematic raster layer) and
recalculates statistics. The method uses minimum
spectral distance to assign a cluster for each
candidate pixel. The process begins with a
specified number of arbitrary cluster means or the
means of existing signatures, and then it processes
repetitively, so that those means shift to the means
of the clusters in the data.

b. Hilly areas with deep hill shadows,
c. Mixing of bushy and agricultural vegetation
with forest,
d. Areas with water logging,
e. Forests under senescence during the data
period, etc..
In such cases, use of collateral data is very
important to aid analysis. While interpretation is
carried out using LISS-III data, images from certain
collateral sources like, Google Earth Sentinel-2 data
of European Space Agency, Landsat8 data from
United State Geological Survey (USGS) and
inventory data are also referred to wherever
necessary in order to help resolve the doubts and
add value to the interpretation. High resolution
images as Google Earth serve as a proxy for ground
truthing.

The interpretation for the shadow and water is
done separately using different ratio indices. The
information from other collateral data is also used
in case of further discrepancies. In case of the areas
with no information, a contextual approach is
used. The output layers so generated, are then
overlayed together to make the classified layer for
the present cycle.

Some of the regional/seasonal variation where
multi-dated and collateral data helps in
interpretation have been depicted through
illustrations as follows :

The final product (classified layer for forest cover) is
maintained in both raster as well as vector format
as per the nomenclature in annexure IV.

One of such example from an area near
Ratanpur, Punjab is depicted above, where the
signature of lantana is mixing with that of the
trees during the period of October to January.
On referring the data for April, the signature so
captured for lantana is different from that of the
trees. Thus, multi-dated data helps avoid the
errors which may occur due to reference of
single period data.

3.10 Use of Collateral data to aid Interpretation
Interpretation becomes very difficult and even
impossible in certain cases if a single set of data
alone is used. Some examples for such areas are:
a. Areas with thick cloud cover,

Table 3.1: Different Classes of Forest Canopy Density
Class

Description

Very Dense Forest (VDF)

canopy density > 70%

Moderately Dense Forest (MDF)

canopy density 40% to < 70%

Open Forest (OF)

canopy density 10% to < 40%

Scrub

canopy density < 10%
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·

Mixing of bushy vegetation with forest

Sentinel 2A image dated 4 Nov 2017

Sentinel 2A image dated 10 April 2017

Google Earth image dated 23 March 2017

Google Earth image dated 2 June 2010

Fig. 3.20 : Occurrence of Lantana, in its full bloom in Punjab: Illustration

·

Areas with water logging

·

Forests under senescence during the data
period

For under depicted area near Madurai, Tamil
Nadu, the vegetation has poor reflectance for
the data period of October to December due to
water logging. Thus, referring the premonsoon data for the period of January to April
helps reduce the errors in the estimation of
forest cover which may occur due to the water
logging.

One of the major reason for commitment of
errors in the interpretation is the seasonal
variation in the canopy of the deciduous trees.
The images depicted in fig. 3.22 shows the
temporal variation in the spectral signature of
the vegetation near Pratapgarh, Rajasthan.
Consideration of single period data may lead to
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Sentinel 2A image dated 01 October 2017

Sentinel 2A image dated 14 January 2018

Google Earth image dated 15 August 2014

Google Earth image dated 27 March and 01 April 2017

Fig. 3.21 : Poor reflectance of vegetation in Tamil Nadu due to water logging: Illustration

respect to the previous cycle is generated,
irrespective of the fact that the changes are real or
interpretational. After classification, clump and
eliminate process is performed to retain the
patches of 1 ha only. These patches are further
ascertained with current cycle image, previous
cycle FCM and image and other collateral data to
consider as change polygon. The patch-wise visual
analysis approach employed ensures the inclusion
of only authenticated change polygons. The
change polygons are captured on visualization
scale of 1:40,000, utilizing the maximum potential
of digital data of LISS III.

mis-interpretations, which may be reduced
using multi-dated data.
A similar situation is also depicted for an area near
Tirupati in Andhra Pradesh where the vegetation
has poor reflectance in the data for the period of
January to March, whereas the data for the period
of October to December gives the actual condition
of vegetation on the ground.
3.11 Change Layer Preparation
Once the classified layer for the present cycle is
prepared, a change layer for the present cycle with
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Sentinel 2A image dated 30 Jan 2018

Sentinel 2A image dated 24 Nov 2017

Sentinel 2A image dated 20 Sep 2017

Google Earth image dated 29 Oct 2013

Fig. 3.22 : Poor reflectance of Vegetation in Rajasthan due to early leaf shedding

Resoucesat2 LISS III dated 24 Oct 2015

Resoucesat2 LISS III dated 07 Feb 2014
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Fig. 3.23 : Poor reflectance of Vegetation in Andhra Pradesh due to leaf shedding

The change map is essentially the layer of change
polygons captured in the process of interpretation.
These change polygons are assigned change code
as per annexure XII according to their change
classes. These change polygons output will serve
as change map of the current cycle which will be
send to concerned SFDs for validation and ground
truth points for FSI image analyst team. The final
layer for the change has to be retained in both
raster and vector format. Maintaining the layer in
vector format helps in incorporating additional
information in the attribute table. The vector layer
also facilitates compatibility to the GIS
environment for further analysis.

The doubt points (change patches) are selected on
the basis of certain criteria for ground verification.
The criteria for the change points which need to be
validated:
a. Significant change
b. Mixing of signature
c.

Distortion in signature due to radiometry or
phenological changes

The real as well as the interpretational change
patches of more than 1ha, so observed are
mapped on 1:50,000 SoI Topo-sheets for joint
ground verification.
These change polygons with area more than 5ha
are mapped on 1:50,000 scale along with the other
GIS layers (road, rail, place details), are intimated to
the concerned State Forest Departments (hard
copy as well as digital) along with the
corresponding coordinate information.

3.12 Ground Truthing
Ground truth is an integral part of remote sensing
that provides integrity of the product of
interpretation with that to the features on ground.

35

MANUAL FOR FOREST COVER MAPPING

3.13 Post Field Correction

·

Once the final forest classification in the
different density classes has been done, the
district wise area statistics is generated using
the administrative boundary procured from
SoI. The state wise statistics is compiled based
on the district level data and in a similar
manner the area statistics for the country is
generated.

Corrections are incorporated in the classified data
as per the ground truthing information, ancillary
data and inputs from the State Forest
Departments. The classification is completed with
the edge matching with the adjacent scenes as well
as the adjacent states is done and the data is
mosaiced to form the classified layer for the entire
state. The mosaicing is then followed by Clump
(with connected neighbour 4) and elimination of
the patches with area less than 1 hectare to
facilitate the smoothening of the classified layer.

·

After the forest classification in different density
classes, the smoothening is performed on the
classified layer. This is obtained by performing
clump followed by eliminate. Clump identifies
clumps, which are contiguous groups of pixels in
one GIS class. The eliminate function enables to
specify a minimum clump or class size. Thus, as per
the MMU, forest patches smaller than 1 ha are
eliminated.

·

Output parameters
Parameters

Standards

1

Projection:

UTM

2

Spheroid

WGS 84

3

Datum:

WGS 84

4

UTM Zone

Accordingly

5

Pixel sixe

24mX24m

6

Layer type

Thematic

7

Data type

Unsigned 8bit

8

MMU

1 ha

9

Skip Factor

1x1

Altitude-wise Area Statistics
Altitude zonation of forests has special
ecological significance which is useful from
policy and planning perspective for hill States.
Digital Elevation Model has been generated
from data of Shuttle Radar Topography
Mission (SRTM) to determine forest cover in
different altitude zones in all the States and
UTs. The altitude zones for the purpose of
analysis have been taken as 0-500m, 5001000m, 1000-2000m, 2000-3000m, 30004000m and above 4000m. The Digital Elevation
Model (DEM) used in the analysis has a
resolution of 90m, which is appropriate for
national/sub-national level information of this
kind.

3.15 Final Product Generation

Sl.No

Change Matrix
Based on the analysis of the changes observed
across the country in comparison to previous
assessment, change matrix is generated
indicating the movement of change in the
extent of forest cover classes. The change
matrix indicates the change in forest cover in
the three density classes, scrub and non-forest
areas.

3.14 Smoothening (clump/eliminate) of the
Classified Layer

·

District-wise Area Statistics Generation

·

Forest Cover in Hill Districts
Forest cover plays a crucial role in the
maintenance of mountain ecology and
economy with particular reference to soil,
water and environmental conservation. In the
present assessment, the forest cover of the hill
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Fig. 3.24 : Standard for Change matrix

districts has been given separately. The hill
districts as identified by the erstwhile Planning
Commission for Hill Areas and Western
Ghats Development Programme have been
taken into consideration for forest cover
analysis. There are 127 hill districts as marked
by superscript ('H')
·

of the 18 biodiversity hotspots of the world.
The region, with just 7.98 per cent of the
geographical area of the country, accounts for
nearly one fourth of its forest cover. One
distinct feature of land use is the prevalence of
shifting cultivation in hilly parts of almost all
the States of this region. Shifting cultivation
has traditionally been intricately linked to
socio-cultural life of tribal people.

Forest cover in Tribal Districts
Tribals and forest have a traditional inter
linkage and dependence for fulfilling the
social, economic, cultural, religious, and
medical needs. Thus it is highly imperative to
monitor and analyze the forest cover situation
in the tribal areas. In this section, an overview
of forest cover in the tribal districts of the
country is presented. In all, there are 215 tribal
districts in 27 States/UTs as identified by the
Government of India under the Integrated
Tribal Development Programme. These are
marked with superscript ('T')

·

·

Forest Cover within and outside Recorded
Forest Area/ Greenwash
Recorded forest areas largely consist of
Reserved Forests (RF) and Protected Forests
(PF), which have been constituted under the
provisions of Indian Forest Act 1927 or its
counterpart State Acts. Areas, which have been
recorded as forests in the revenue records or
have been constituted under any State Act or
local law is also included in recorded forest. As
an additional information the forest cover is
also interpreted within RFA using the georeferenced digital boundaries provided by the
respective State Forest Departments. In the
States and UTs, where a geo-referenced digital
boundary for RFA was not available a similar
exercise is done with Greenwash prepared
from 1:50,000 SoI toposheets.

Forest Cover in the North-Eastern States
A separate statistic for forest cover in NorthEastern region of the country comprising eight
States namely, Arunachal Pradesh, Assam,
Manipur, Meghalaya, Mizoram, Nagaland,
Sikkim and Tripura is provided. The region is
endowed with rich forest resources and is one
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·

Mangrove Cover

as trees and other vegetation reduce the runoff and increase percolation of water into soil
thereby improving the water regime in the
area. Therefore, retaining and enhancing
forest cover in critical watershed areas
improves sustained river flows besides flood
regulation. State Forest Departments besides
plantation, protection and various
conservation measures also undertake steps
to improve water conservation through
different interventions such as building Check
dams, vegetation barriers, percolation ponds,
contour trenches etc. Programmes and
schemes of the Government of India such as
Mahatma Gandhi National Rural Employment
Guarantee Scheme (MGNREGS), Integrated
Wasteland Development Project (IWDP) and
various State Government schemes have also
contributed significantly towards water
conservation.

Mangrove area a diverse group of salt tolerant
plant communities found in tropical and
subtropical intertidal region of the world. They
are the most productive and biologically
important forest having complex ecosystem.
The mangrove eco-system provides breeding
and nursing grounds for marine and pelagic
species, food, medicines, fuel and building
material for local communities. Their
protective role from natural calamities in
coastal areas have been widely recognised.
These unique ecosystem is under constant
pressure of human activities like urbanisation,
industrialisation and growing population.
Thus, a separate area figure for state-wise
mangrove cover in different density classes is
also estimated.
·

National Level Forest Cover according to
Patch Size Class
The forest cover so classified is further
processed to acquire detail of forest patches
within different patch size categories
(Annexure VI). Patch size provide landscape
pattern to detect and monitor over the time by
remote sensing. Some of the information
analysed from the patch size study are:

It is therefore, highly imperative to understand
the changes in the water bodies within forest
area over a period of time. Thus, the coverage
of water bodies in the vicinity of forest is
analyzed. It was decided to use the Greenwash
layer from 1:50,000 topo-sheets, as base layer
for carrying out water body analysis. However,
on perusal of the data it was found that many
forested areas as well as associated water
bodies are left out in the “Greenwash”.
Therefore, the analysis is carried out by custom
area of interest (AOI) considering a buffer of
1km around the forest areas which doesn't
include the following:

a) Perforation: the creation of hole in the patch or
landscape.
b) Dissection: Cutting of landscape area or matrix
into equally wide linear features such as roads.
c)

Fragmentation: Breaking and separating the
matrix into smaller, non-contiguous segments
of patches

a) TOF (Block, linear, scattered) in both urban and
rural areas.

d) Shrinkage: Reduction in patch size
e) Attrition: Disappearance of patches
·

b) Scrub areas outside the forest patches.

Delineation of water bodies within the

c)

forest areas
Forests play a vital role in water conservation
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Water bodies more than 1km (Perpendicular)
away from forest patch.

METHODOLOGY

·

Accuracy Assessment of Forest Cover

forest cover and the density recorded in a buffer of
1.0 ha around each point. Based on the
information gathered from classified and
reference or ground truth data, an error matrix is
generated.

The digital image processing for forest cover
classification is subjected to errors in
interpretation due to the limitation of spatial,
spectral, temporal and radiometric resolutions
of the satellite data. In addition, the errors also
creep in because of cloud or shadow effects, or
seasonal variation in the canopy of the
deciduous trees or bushy and agricultural
vegetation getting mixed with forest, etc.
Combined together, all these errors influence
the accuracy of the assessment while analysing
the remote sensing data.

Error matrix is an array of numbers arranged in
rows (generally map classification) and columns
(generally ground truth). It is a square matrix as
both numbers of rows and columns are equal,
representing different classes (VDF, MDF, OF etc.)
whose classification accuracy is to be assessed.
The randomly selected locations or sampling units,
which are presented in the matrix, can be pixel or a
group of pixels or a polygon. In this study, group of
pixels are the sampling units. An entry made along
the major diagonal of the error matrix implies
agreement which means that the classification at a
sampling unit matches with the corresponding
ground truth and, therefore, suggests that the
classification is correct. The non-diagonal
elements indicate disagreement or wrong
classification. Error matrix points selected
should be proportionate to the size of the
population of each class.

For assessing the accuracy of interpretation based
on remotely sensed data, generally an error matrix
(also termed as confusion matrix) is prepared by
comparing agreement and disagreement among
the interpretation with the reference data (ground
truth) on a class-by-class basis, at randomly
selected locations. This exercise is carried out
independently by different unit who have not been
associated with FCM to eliminate the biasness.
For the preparation of error matrix, 60 districts
inventoried during year are selected. These
districts are well spread over the entire country
and, therefore, formed a representative sample.
Since districts are selected randomly, the condition
of randomness is also fulfilled. A total of 4,152
sample points are selected from these districts
which also include 1,200 sample points from TOF.
These sample points are overlaid on the rectified
LISS-IV Mx scenes. To record the density class at
each point, a buffer of 1.0 ha around the point is
created and density at each point is recorded with
the help of high resolution data and field inventory
data. This forms the reference or ground truth
data. The list of sample points is sent to the unit
responsible for forest cover classification. The
sample points are then laid over the classified

The percentage of correctly classified sampling
units (i.e. sum of all diagonal elements) out of the
total considered sampling units in the error
matrix provides measure of 'overall accuracy' of
the assessment. Similarly, accuracies of each
class can be measured by calculating the
percentage of correctly classified sampling units
(diagonal element) out of the total sampling units
considered for that class in row or column. It is
pertinent to mention here that the accuracy
assessment in this chapter signifies accuracy of
classification. It does not relate to cartographic
accuracy. Moreover, it also does not speak about
the accuracy of area statistics given under
different density classes.
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Table 3.2: Sample for Error matrix
Classification classes

Ground truth (based on field inventory data)
VDF

MDF

OF

VDF
MDF
OF
SCRUB
NF
Total
Producer's Accuracy (%)
Overall Accuracy
Overall Kappa Statistics
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Scrub

NF

Total

User's Accuracy (%)

