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Abstract
Forest cover is of great interest to a variety of scientific
and land resource management applications, many of
these applications needs not only information on forest
categories, but also tree canopy density. In previous
studies, large area tree canopy density had been
estimated at spatial resolutions of 30m coarse resolution
satellite images. Due to advancement in Remote sensing
technology and availability of many sources of imagery
and various digital classification techniques, assessing
forest canopy cover is readily accessible. Understanding
the capability and limitations of various types of imagery
and classification methods is essential to interpreting
canopy cover. An overview of several remote sensing
techniques used to assess forest canopy cover is
presented. We have tested the FCD model by using
Landsat TM image in an old growth forest of north forest
division of India. The overall accuracy for classified TM
image is 80.00% and Kappa Coefficient is 0.7360.

(ALS) and terrestrial (TLS) laser scanning offer an
effective and precise way of measuring the
percentage of canopy gaps (Lovell et al. 2003,
anson et al. 2007, Solberg et al. 2009), and thus
have a great effectiveness to replace the less
accurate field methods that are currently used in
forest inventories (Korhonen et al. 2006). The
overall approach of the proposed strategy consists
of three key steps: Advance Vegetation Index
(AVI), Bare Soil Index (BSI), Shadow Index or
Scaled Shadow Index (SI, SSI).Forest canopy
cover can be mapped using a popular and effective
technique i.e. normalized difference vegetation
index (NDVI).It can be pixel-based and objectoriented classification for high resolution imagery
or sub pixel based for medium-resolution imagery.
By using NDVI, AVI model the more effective
result in vegetation indexing are found.

2. Study area
Key words: Forest Canopy density, Remote sensing
& GIS, NDVI, AVI, SI etc.

1. Introduction
Now a day’s Urbanization, Mining and
Industrialization etc. are trend for social and
economic development. Huge space is used for
these activities and hence, forest areas are
increased and deforestation is common problem.
Forest areas, forest density and greenness of an
areas are major issues for ecosystem, biodiversity
etc. preserved. So forest management is the
important parts for greenery analysis.
In forest management, forestry decision-making
and resource utilization purposes there is a
continuous need for high quality information on
forest. The state of forest resources can be
monitored by a form of a map. Forest maps are
effective tool for detecting the state of forest
resources and monitoring ongoing spatial processes
in forested landscapes. One of the most important
forest properties is the canopy cover. Airborne

The study areas is covered with old growth forest
plantation of north forest division of two districts
(Palamu and Latehar) of Jharkhand. This area is
situated between latitude 23°50'21.243"N to
23°54'55.602"N and longitude of 84°8'48.617"E to
84°16'58.217"E (Fig. 1). The climate is wet and it
is characterized by high rainfall, high relative
humidity and equable temperature.

Fig. 1- Location of map of the study areas.
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Fig. 2- Methodological flow chart of the study.
4. Methodology
In this investigation forest canopy density has been
carried out. The Forest Canopy Density model
utilizes forest canopy density as an essential
parameter for characterization of forest conditions.
This model involves bio-spectral phenomenon
modeling and analysis utilizing data derived from
tree indices.
• Advance Vegetation Index (AVI).
• Bare Soil Index (BSI).
• Shadow Index or Scaled Shadow Index
(SI, SSI).
Detail methodology is shown is (Fig. 2) bellow:

4.1 Data used
To achieve the objective of the study, both primary
as well as secondary data were used.
• Landsat TM images of 16ndMay. 2005.
• Ground data.

4.2 Detail of methodology
4.2.1

Radiometric normalization

Variation in sun's azimuth, atmospheric conditions
and sensor’s response influence the reflectance of
the land surface. Radiometric normalization is
required to remove the radiometric distortion and
make the image comparable. It was performed
using the following stapes:

4.2.1.1 DN to at-sensor radiance Conversion

LMAXλ − LMINλ
Lλ = �
� (Qcal
Qcalmax − Qcalmin
− Qcalmin ) + LMAXλ

Where, Lλ is Spectral radiance at the sensor’s
aperture [W/(m2sr µm)], Q cal is Quantized
calibrated pixel value [DN], Q calmin is Minimum
quantized calibrated pixel value corresponding to
LMINλ [DN], Q calmax is Maximum quantized
calibrated pixel value corresponding to LMAXλ
[DN], LMINλ is Spectral at sensor radiance that is
scaled to Q calmin [W/(m2sr µm)] and LMAXλ is
Spectral at sensor radiance that is scaled to Q calmax
[W/(m2sr µm)].

4.2.1.2 Radiance to Top of Atmosphere (TOA)
reflectance Conversion

π ⋅ Lλ ⋅ d2
Pλ =
ESUNλ ⋅ cos θs

Where, Pλ is Planetary TOA reflectance [unit less],
π is Mathematical constant equal to ~ 3.14159 [unit
less], Lλ is Spectral radiance at the sensor’s
aperture [W/(m2sr µm)], d is Earth-sun distance
is
Mean
[astronomical
unit],
ESUNλ
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exoatmospheric solar irradiance [W/(m2 µm)] and
θs is Solar zenith angle [degree/radians].

soil conditions. The range of BSI is varies between
0 and 200.

In the field of Remote sensing spectral response green
vegetation (healthy vegetation) is characterise by
absorption and reflection of wavelength. The visible
regions characterise by low reflectance due to pigment
absorption and IR region having high reflectance is
controlled by cell structure of leaf. The healthy
vegetations are absorbed red band and more reflect the
Infrared band of wave length. By using this advantage
the scientific ratio index (Normalized Difference
Vegetation Index) technique we explore the healthy
vegetations. Another most popular vegetation index is
advance Vegetation Index (AVI).

The characteristics of canopy shadow are defined
by spectral information and thermal information of
the forest shadow. The shadow pattern is depend on
trees and plants arrangement pattern of the forest.
In the field of Remote sensing forest shadow is
characterized by Canopy shadow Index (SI). The
young plants have low value of canopy shadow
index compared to the old natural forest shadow.
The shadow index is derived from the low radiance
of visible bands of TM image (Fig. 3).

4.2.2

Advance Vegetation Index (AVI)

AVI = [(𝐵𝑎𝑛𝑑4 + 1)(256 − 𝐵𝑎𝑛𝑑3)(𝐵𝑎𝑛𝑑4
− 𝐵𝑎𝑛𝑑3)]1/3

Where, Band4 is Near infrared TOA reflectance and
Band3 denoted Red TOA reflectance cantered.
The value AVI for a given pixel ranges from minus one
(-1) to plus one (+1); however, no green leaves gives a
value close to zero. A zero means no vegetation and
close to +1 (0.8 to 0.9) indicate the highest possible
density of green leaves and negative values mainly
represent water and other non vegetated surface.

4.2.3 Bare Soil Index (BSI)
The soil reflectance is depending on soil characteristics.
On the other hand soil characters are depending on
composed of granular mineral, organic material,
moisture, texture, chemical components and soil cover
material etc. The reflectance spectra of the soil are
mainly depending on soil moisture and hydroxyl
ions.IR region have low reflectance due to absorption
by soil moisture (soil water). So Bare soil Index has
been calculated using equation:
𝐵𝑆𝐼 =

(𝐵4 + 𝐵2) − 𝐵3
(𝐵𝑎𝑛𝑑4 + 𝐵𝑎𝑛𝑑2 + 𝐵𝑎𝑛𝑑3)

Where, Band4 is near infrared TOA reflectance,
Band3 Red TOA reflectance cantered and Band2
Green TOA reflectance centred.
The underlying logic of this approach is based on
the high reciprocity between bare soil status and
vegetation status. By combining both vegetation
and bare soil indices in the analysis, one may
assess the status of forest lands on a continuum
ranging from high vegetation conditions to exposed

4.2.3

Canopy shadow Index (SI)

𝑆𝐼 = �(256 − 𝐵𝑎𝑛𝑑2)(256 − 𝐵𝑎𝑛𝑑3)

When the forest canopy is very dense, satellite data
is not always be able to indicate the relative
intensity of the shadow. The shadow index is
formulated through extraction of the low radiance
of visible bands.
5.0

Result and Discussion

Two type of canopy density has been identified
from the whole part of analysis viz. (a) High forest
density, (b) Low forest density (Fig. 4). Centre part
of the study area falls in high forest density class
and the outer boundary portion of central portion
falls in low forest density part. High forest density
class covers approximately 19.00% of total area
where low forest density part covers about 43% of
total area. Other or non forest covers about 38 % of
total area. North Koel river is been passing through
North to south in the extreme east side of the study
area. Several small lakes/ponds have been seen in
north and south regions of the study area. So it can
be concluded that the water resource is available in
the study area and thus it helps in growth of
vegetation. Several small undulated hillocks have
been seen in the centre part of the study area where
the density of canopy cover found. But shadow
effect of hillocks can misguide the whole
classification so canopy shadow index have been
created to eliminate the shadow effect of the
canopy cover. Bare soil index (Fig. 3) has been
calculated for detecting the non forest area or bare
soil that can be seen from image. This index can
also be helpful for detection the categories the
other non forest areas. These all layers (AVI, BSI,
and SI) have been instigated to create classified
canopy density map. Weighted overlay is a
technique for applying a common measurement
scale of values to diverse and dissimilar inputs to
create an integrated analysis. In weighted model
each layer is assigned a weighted value upon their

360

IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 1 Issue 7, September 2014.
www.ijiset.com
ISSN 2348 – 7968

importance in canopy cover identification. Like
Advance Vegetation Index contributes more than
Canopy Shadow Index so Advance Vegetation
Index has been given higher weighted value. Each
of classes of every Index has also given the
percentage of contributions in the weighted model.
The major classes covered by the study area are
dense forest, open forest, river/water body, sand,
wetland, agricultural land etc. Land use land cover
thematic map from TM image is shown in Fig.5.

Final accuracy of the classified image has been
verified from field verification data. The training
pixels are not randomly selected and the
classification is dependent on the training pixels.
Using training pixels the overall accuracy for
classification is 80.00% and Kappa Coefficient is
0.7360. The value of 0.7360 implies that the
classification process is avoiding 73.60 % errors.
The results of the Kappa (K^) statistics are usually
summarized in Table 1.

Fig. 3- Different types of Indices of the study

Fig. 4- Vegetation density types of the study area
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Fig. 5-Land use land cover map of the study area.

Table 1- Kappa (K^) statistics of Classified image
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Kappa (K^) statistics
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Sand

0

River/Water Body

1

Wet Land

1

Agricultural land

1

Settlement
Shallow Water

-0.0526

Referrences

1

[1]

Danson F.M., Hetherington, D., Morsdorf, F.,
Koetz, B. and Allgöwer, B., 2007, Forest canopy
gap fraction from terrestrial laser scanning. IEEE
Geoscience and Remote Sensing Letters, 4.

[2]

J L Lovell, D L.B. Jupp, D S Culvenor, N C Coops,
2003: Using airborne and ground-based ranging
lidar to measure canopy structure in australian
forests. Canadian Journal of Remote Sensing.

[3]

Johannes Breidenbacha, Erik Næsseta, Vegard
Liena, Terje Gobakkena, Svein Solbergb, 2009:
Prediction of species specific forest inventory
attributes using a nonparametric semi-individual
tree crown approach based on fused airborne laser
scanning and multispectral data.

6.0 Conclusion
Geographic problems often require the analysis of
many different factors. For instances, delineating
the canopy density map, it needs different factors
like AVI, BSI, and SI etc. It is possible to measure
canopy density more accurately but it needs more
parameters like DEM, Slope, Soil type and others
values depending upon the environment of the
study area. To fulfill the needs of these parameters
Advance Indexes has been taken into consideration.
These indexes are the integrated result of other
parameters like DEM, Slope etc. The more
parameters used the result will be more accurate.
So it can be concluded that canopy density is the
integrated result of the various parameters and thus
can be found more accurate than normal
classification scheme.

[4]

Lauri Korhonen, Kari T. Korhonen, Miina Rautiainen
and Pauline Stenberg: Estimation of Forest Canopy
Cover: a Comparison of Field Measurement Techniques.

362

IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 1 Issue 7, September 2014.
www.ijiset.com
ISSN 2348 – 7968

[5]

Saeijamalabad, M., Abkar, A.A., 2000. Vegetation
Coverage Canopy Density Monitering, Using
Satellite Images. ISPRS Commission VII, 17,
Amsterdam, Holland.

[6]

Townshend, J. R. G. 1992, Land
International Journal of Remote Sensing.

[7]

Tucker, C.J., Holben, B.N. and Goff, T.E., 1984:
Intensive forest clearing in Rondonia, Brazil, as
detected by satellite remote sensing. Remote
Sensing of Environment

[8]

Hall, F. G., Townshend, J. R., and Engman, E. T.,
1995. Status of remote sensing algorithms for
estimation of land surface state parameters. Remote
Sensing of Environment.

[9]

cover.

Jennings, S.B., Brown, N.D., &Sheil, D., 1999.
Assessing forest canopies and understory
illumination: canopy closure, canopy cover and
other measures,Fortry.

[10]

A. Rikimaru, s. Miyatake: Development of
Forest Canopy Density Mapping and Monitoring
Model using Indices of Vegetation, Bare soil and
Shadow.

[11]

Z. azizi, A.Najafi, H.Sohrabi: Forest canopy
density estimating, using satellite.

Krisknendu Banerjee received the M.Sc in Remote sensing &
GIS from Vidyasagar University in 2010 and B.A. degree in
Geography (Hons) from Barddawan University in 2008. He is
now Junior research Fellow (JRF) at Jharkhand Space
Application Center (JSAC), Dept. of Information Technology,
Govt. of Jharkhand and registered at Indian School of Mines
(ISM), Dhanbad for PhD.
Surajit Panda received the M.Sc in Remote sensing & GIS
from Vidyasagar University in 2010 and B.Sc. degree in
Geography (Hons) from Haldia Govt. College, Vidyasagar
University in 2008. He is now Junior research Fellow (JRF) at
Jharkhand Space Application Center (JSAC), Dept. of
Information Technology, Govt. of Jharkhand and registered at
Indian School of Mines (ISM), Dhanbad for PhD. He is a life
member of INCA.
Jatisankar Bandyopadhyay received his Ph.D, from
Jawaharlal Nehru University, New Delhi and M.Phil from
Jawaharlal Nehru University, New Delhi. He is Assistant
Professor professor of Department of Remote sensing & GIS,
Vidyasagar University, West Bengal, India. He published
several research papers in National / International Journals and
conferences.
Manish Kumar Jain received his Ph.D, from IIT-Kharagpur.
He is Associate professor of Department of Environmental
Science & Engineering, ISM Dhanbad, Jharkhand. He published
several research papers in International Journals and
conferences.

363

