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the implementation of the Forest Policy, the effects of changes in forest
Forest, cover should be evaluated. This paper examines the impact of forest
conservation policy over the forest cover of Koyna Wildlife Sanctuary in
Forest Policy, Maharashtra using the geospatial technology. Landsat satellite data of
Conservation 1977, 1995, 2014 and IRS of 2021 were used for land use/land cover

changes mapping. The overall accuracy of the study area is between 85
to 91.25 %. The results shows that forest cover changes were occurred
at different rates during study period. The results showed that the
policies had a statistically significant positive effect on forest cover
change after thirty-six years of implementation and total forest cover
gain 2.12 sq. km over the evaluation period. The methods and results of
this study will be useful to continue the implementation of these
conservation strategies in future.
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INTRODUCTION

Forest ecosystems play a very important role in the global ecological balance and
natural environment. Forests are an important natural resource that should be protected
as a priority for sustainable environmental management (Panigrahy et al. 2010; Rizwan
2011). Forests provide valuable timber based raw materials for domestic and commercial
use in several industries. About 4 million peoples in the world are directly depend on
forest products and the rest are indirectly depend on forests. Recently, due to natural and
human activities, the forest is threatened and changing continuously (Chandra et al.
2007).

According to the forest study of United Nations, the total forest area of the world was
about 7 billion hectares in 1900 and by 2021 it had reduced to 4 billion hectares. Every
year we lose 10 million hectors of the world’s forests (Global Forest Goals Report 2021).
According to Forest Report 2021, the total forest cover of India is 7,13,789 sq km which is
21.71 percent of the total geographical area (FSI report 2021). More than 27 % (275
million) population of India are the lives in proximity of forest and get direct and indirect
benefits from forest (CSE Forest in India 2021). Forests play a crucial role in the physical,
economic and spiritual life of the population (Byron and Arnold 1999). In terms of
biodiversity, India is the rich country in the world and one of the 12 recognized mega-
biodiversity areas of world (MoEF 2007). Human and livestock population growth and
widespread rural poverty put enormous pressure on forests worldwide, leading to
deforestation and degradation. Due to this, a large amount of forest is being destroyed.
Forest degradation has many environmental, social and economic consequences,
including loss of biodiversity, soil erosion, global warming and loss of livelihoods of forest
dwellers. As a result, around the world, countries have adopted various strategies and
policies as measures to reduce deforestation, forest management and conservation of
forests in response to human disturbance.

In India, the first policy for conservation and forest protection was declared by the
British in 1894. The main objective of this policy was to manage state forests for public
benefit. After this, Indian Forest Act 1927 was formulated for transit of forest-produce
and duties imposed on timber and other forest-produce were consolidated. After
independence, forestry comes under the Concurrent List of Schedule VII of the
Constitution and both the Central Government and the State Governments create an
effective legal and policy framework for the sustainable management of forests. The

National Forest Policy 1952, Wildlife Protection Act 1972, Forest Conservation Act 1980,
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Forest Policy 1988, Joint Forest Management Resolution of 1990, Biological Biodiversity
Act, 2002, National Environment Policy, 2006 was introduced the state to exercise
exclusive control over forests and their management, conservation and protection
(Murthy and Kumar 2019). As a developing nation, India faces a major challenge to
increase its forest cover to global standards and meet national policy goals. All forest
policies developed so far in India aim to conserve biodiversity, reduce pressure on forests
and generate revenue through timber production and sale as well as provide biomass for
the large population that depends on forests for their fuel and fodder needs. Policies have
evolved over decades and the focus has shifted from production of forestry to protection
of forestry and participatory forestry is currently evident. Thus, many policies contribute
positively to the adaptation or resilience of forest ecosystems.

Remote sensing data at different time intervals help in analyzing the rate of change as
well as the factors or drivers responsible for the change (Louisa and Antonio 2001). The
main advantages of using remote sensing data and methods are potential to play a
decisive role in assessing forest degradation and deforestation processes at a much lower
cost than any other methods (Mascaro et al. 2010). Changes are usually detected by
comparing two or more temporal satellite images, or sometimes by comparing older
maps and more recent remote sensing images. The first forest cover assessment in India
was done in 1982 by the National Remote Sensing Agency (NRSA) using Landsat MSS
data. Biennial Monitoring of forest area was started from 1987 and the latest SFR was
published in 2021 (FSI 2021). Many researchers from different countries have recognized
the benefits of geospatial technology for mapping, monitoring and detecting forest cover
changes. For example, Prakasam (2010) analyzed the forest area of Kodaikanal taluk of
Tamil Nadu, Kayet and Pathak (2015) analyzed Saranda forest of Jharkhand, Kaswanto
and Arifin (2010) studied the Impact of land use changes on spatial pattern of landscape
during two decades (1989-2009) in West Java region. Mengistu and Salami (2007)
analysed land use/land cover mapping and change detection in a part of south western
Nigeria using remote sensing and GIS. Karande S. V. (2022) analysed the forest
degradation of Western ghat in Satara district of Maharashtra.

In this paper, changes in forest cover are evaluated using time-series satellite data of

Koyna Wildlife Sanctuary.

STUDY AREA

The area selected for this study is in the south-eastern part of Satara district. It lies
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between 17°22'18" to 17°46'26" North latitude and 73°33'56" to 73°50'54" East
longitude. The total geographical area of the sanctuary is 423.55 square kilometers (Gov.
of Maharashtra gazette, dated 10 October 1985), with an altitude in between 634 to 1170
meters above sea level. Average temperatures range is 13°C to 28°C and the region
receives an average of 5500 mm annual rainfall. Koyna wildlife sanctuary has been
declared as a vide Government of Maharashtra Notification dated 16.09. 1985 under the
provisions of Section 18 and section 19 of the Wildlife (Protection) Act, 1972 (53 of 1972)
(Gov. of Maharashtra gazette, dated 10 October 1985) The famous Koyna Dam
(Shivasagar Dam) is an integral part of the sanctuary and it is named as 'Koyna Wildlife
Sanctuary' from the Koyna River. The western boundary of sanctuary was demarcated by
Western ghat, northern by Kandati river, eastern by Shembdi, Waghali, Munavale,
Kargaon, Nivkane, Ghanbi, Watele, Karwat village and Koyna river. The southern
boundaries of the sanctuary are drawn by Rasati, Helwak, Shivdeoshwar, Bopoli villages.
The sanctuary is a part of global biodiversity hotspot and eco-sensitive zone of Western
Ghats (Sahyadri Mountains) (Mittermeier et al. 2005). It has diverse habitats for various
wildlife species and rich in flora and fauna. Western part of the tehsil occupied by the
Koyna wildlife sanctuary and it is the one of the parts of the biodiversity hotspot of the
Western Ghats (Sahyadri). This area is home to endangered and rare species of mammals,
birds and amphibians. 40 mammals, 240 birds, 65 reptiles, 58 fish and 26 amphibian

species are found in this area.

LOCATION MAP
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Fig. 1 : Location map
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OBJECTIVES

The main objective of this study was to assess the changes of forest cover since the

implementation of forest conservation policies over the protected area.

MATERIALS AND METHODS

Remotely sensed cloud-free satellite data used in this study and details of the

satellite data shown in Table 1 and Fig. 2. All Landsat satellite images were downloaded

from USGS Earth Explorer web portal and ResourceSat-2A, LISS-IV satellite data were

purchased from NRSA, Hyderabad. The year 1977 was choose as the base year because

the Koyna sanctuary declared as on 1985 and cloud free satellite data before of this year

was available from 1977. All five temporal data sets are selected from the same season to

avoid differences in signatures of land features. (Boggs 2010).

Table 1: Satellite Data

Sr. No. Spatial
Date of Row/
Satellite Sensor Path Resolution

Acquisition Scene

(m)

1 LANDSAT 2 MSS 19/02/1977 158 47 60

2 LANDSAT 2 MSS 19/02/1977 158 48 60

3 LANDSAT 5 ™ 11/01/1995 147 48 30

4 LANDSAT 8 OLI& TIRS | 31/01/2014 147 48 30

5 ResourceSat-2A LISS-IV | 31/01/2021 95 60 5.8

6 ResourceSat-2A LISS-IV | 24/02/2021 95 60 5.8

Source: https://bhoonidhi.nrsc.gov.in and https://earthexplorer.usgs.gov
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Fig.2 : Satellite data
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ERDAS Imagine 2015, Arc GIS 10.8 and QGIS 3.28 software are used to process
satellite data and create various maps. The shape file of Koyna wildlife sanctuary was
created in ARC GIS 10.8 and QGIS 3.28 based on KML file of Sanctuary prepared by
MRSAC, Nagpur, Map of Forest department and Survey of India (SOI) Toposheet No. 47
G/9, 47 G/10, 47 G/11, 47 G/14, 47 G/15. High spatial resolution Google Earth imagery
was used to delineate wildlife sanctuary boundaries, visually interpretation of satellite
image and accuracy assessment. Climate data was obtained from National Climatic Data
Centre, IMD, Pune (Karande 2017). Population data for the study area was gathered from
the census of India (Census 2011). The downloaded satellite images were processed in
ERDAS Imagine 2015. Radiometric correction was done for data correction in the pre-
processing stage and layer stacking for combine multiple lands to create a single image
for all observation years (Panchal et al. 2021). All four satellite images were clipped by
sanctuary boundary to delineate the study area. Signature was assigned to each class of
false color composite (FCC) images with the help of visual interpretation of high-quality
Google Earth image.

The NDVI (Normalized Difference Vegetation Index) is highly correlated with the
green biome and leaf area (Kumar et al. 2010). NDVI is computed by using the red
(visible) and infrared (IR) bands of electromagnetic energy in ERDAS IMAGINE 2014. The
NDVI classification of the study area during the study period (1977, 1995, 2014 and
2021) has been done using the Gaussian maximum likelihood algorithm. Forest cover
maps of all four assessment years (1977, 1995, 2014 and 2021) are addicted to NDVI
analysis of LULC map of the study area (Fig. 3). The raster map is converted into a vector
format for calculating the forest area under different class.

Supervised classification of satellite image based on maximum likelihood
classification technique was used to generate eight different land use/land cover classes
(i.e., dense forest, medium forest, agriculture, scrub, fallow, settlement, road and water).
Supervised classified images are converted into vector format for change detection
analysis in ERDAS Imagine. The LULC change detection are prepared in ARC GIS 10.8
using the geoprocessing tool and field calculator. All the steps used in this research are
shown in figure 4. Different colour codes are assigned to the classified scene for easy
identification in ArcGIS 10.8

Accuracy assessment is required to validate remotely sensed data against ground
truth data (Owojori and Xie 2005). Ten randomly distributed points of each class and

total 80 were selected from each of the four observation years for accuracy assessment.
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Reference data and classification results were compared using a statistical error matrix.
Producer and user accuracy of each class, overall accuracy and kappa coefficient of each
satellite image were calculated to assess the accuracy of satellite data (Lu et al. 2004).

The table 2 shows overall accuracy and Kappa coefficient values for images in
different years. The result shows that the overall accuracy of all four LULC data was 85 %,
87.50 %, 90 % and 91.25 % for the years 1977, 1995, 2014 and 2021 respectively (Table
2). Kappa coefficient was found to be highest for 2021 (0.79), followed by 2014 (0.78),
1995 (0.75) and 1977 (0.73). All classified images have overall accuracy is 85 to 91.25 %
and kappa coefficient is 0.73 to 0.79. The present study shows acceptable agreement with
LULC analysis (Lins and Kleckner 1996).

Change detection analysis using pixel-by-pixel comparisons was used to identify and
quantify transitions in classified time-series images. Classified images from 1977 were
first compared to 1995 and then 2021. 1995 was compared to 2014 and 2014 was
compared to 2021. Showing change statistics and using transitions between images is

achieved.

No.of correct points

100

(1) The overall classification accuracy = —————— Doints

__ (Reference point x Total points)—sum of all correct points

(ii) Kappa coefficient =

(total points)2— sum of all correct points

Table 2: Accuracy assessment

Year | Overall accuracy | Kappa coefficient
1977 85.00 0.73
1995 87.50 0.75
2014 90.00 0.78
2021 91.25 0.79
EVOLUTION OF CONSERVATION POLICIES ON FOREST COVER CHANGES IN 1061/Page
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DISCUSSION
Table 3: Land use and Land cover (1977 to 2021)
Sr. | LULC Classes Area in Sq. Km
No. 1977 % 1995 % 2014 % 2021 %
1 | Dense forest 109.41 | 25.83 | 110.51 | 26.09 | 112.20 | 26.49 | 116.02 | 27.39
2 | Medium 189.0 | 44.62 | 188.89 | 44.60 | 187.41 | 44.25 | 184.52 | 43.57
forest
3 | Scrubland 24.06 | 5.68 | 22.13 | 5.23 | 21.00 | 496 | 19.84 | 4.69
4 | Agriculture 6.78 1.60 7.41 1.75 7.60 1.79 7.67 1.81
5 | Fallow land 16.29 | 3.85 | 1649 | 3.89 | 17.07 | 4.03 | 16.93 4.0
6 | Road 0.30 0.07 0.37 0.09 0.44 0.10 0.55 0.13
7 | Settlement 0.07 0.02 0.11 0.03 0.17 0.04 0.16 0.04
8 | Waterbody 77.64 | 1833 | 77.65 |1833| 77.65 |18.33| 77.85 | 18.38
Total Area 423.55 | 100 | 423.55| 100 | 423.55| 100 | 423.55 | 100
Table 4: LULC Change matrix (Area (sq. km)
LULC Classes 1977 % 2021 % |1975to02021
Forest Area (Sr. 1,2) 298.42 | 70.46 | 300.54 | 70.96 2.12
Scrubland 24.06 | 5.68 | 19.84 | 4.69 -4.21
Non forest area (Sr. No. 4,5,6,7) | 23.44 5.53 25.32 5.98 1.88
Waterbody 77.64 | 1833 | 77.85 | 18.38 0.21
Total Area 423.55 | 100 | 423.55 | 100

Classified land use/land cover (LULC) change maps of the study area for 1977, 1995,

2014 and 2021 are given in figures 5 and tables 3. During the assessment year of 1977,
1995, 2014 and 2021, the area under dense forest was 109.41 sq. km, 110.51 sq. km,

112.20 sq. km and 116.02 sq. km respectively. The area under medium forest was 189 sq.

km, 188.89 sq. km, 187.41 sq. km and 184.52 sq. km respectively. The area under scrub

land was 24.06 sq. km, 22.13 sq. km, 21 sq. km and 19.84 sq. km respectively. The area

under fallow land was 16.29 sq. km, 16.49 sq. km, 17.07 sq. km and 16.93 sq. km

respectively. The area under agriculture was 6.78 sq. km, 7.41 sq. km, 7.6 sq. km and 7.67

sq. km respectively. The area under waterbody was 77.64 sq. km, 77.65 sq. km, 77.65 sq.

km and 77.85 sq. km respectively. The area under road was 0.30 sq. km, 0.37 sq. km, 0.44
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sg. km and 0.55 sq. km respectively. The area under settlement was 0.07 sq. km, 0.11 sq.
km, 0.17 sq. km and 0.16 sq. km respectively. The dense (evergreen) and medium (semi-
evergreen) forests occupied more than 70 % of the total geographical area of the study
region. However waterbody occupied more than 18 % area, scrubland occupied 5 % area
and non-agriculture occupied 6 % area of the study region.

LULC of 1977 was used as a baseline and compare with the year of 1995, 2014 and
2021 for forest cover change analysis. LULC distribution showing the forest cover has
been changed in Koyna wildlife sanctuary during the study period. The average
proportion of land covered by dense forest, which in 1977 was 109.41 sq. km (25.83%), it
increased to 116.02 sq. km (26.49%) in 2021, it shows a 6.61 sq. km forest cover is
increased. The proportion of land covered by scrubland has decreased from the original
24.06 sq. km (5.68%) in 1977 to 19.84 sq. km (4.69%) in 2021. It must be noted that
10.88 sq. km medium forest cover converted into dense forest canopy and 9.84 sq. km
scrub land changed into the medium forest cover (Fig 5). The results of this study
indicate that the implementation of forest conservation policies has been fully effective
for the controlling of forest degradation and enhanced forest recovery (Fig 5).

The observed pattern of forest cover change and the rate of change reported during
the current study period is different to studies of ISFR 2021 (FSI 2021) for example, we
observed an annual average gain of forest cover is 0.37 % while ISFR 2021 reported
142.77 % for the total forest area from 1995 to 2021. During the study period, forest area
was significant increased (38.22 %) on the western side of the Koyna (Figure 4) but
significant decline (10.37 %) of the east side during study period. Forests of the eastern
side of the Koyna dam may face higher human pressures than those in the eastern side of
dam. Moreover, results showed that demographic factors (Occupation, Construction etc.)
are important determinants of forest cover changes, having significantly negative effects.
The area covered non -agriculture (settlement, road, agriculture) lands also increased
gradually during the observation period. It has about 23.44 sq. km (5.53%) in 1977 and
increased up to 25.32 sq. km (5.98%) in 2021. In support of this, historically, various
studies reported that the most changes in forest cover result from human activities
(Houghton 1991; Meyer and Turner 1992; Jorgenson and Burns 2007; Carr 2008; Jha and
Bawa 2006). A higher percentage of agricultural population may also cause greater
dependency on fuel wood for cooking and heating (Krutilla et al. 1995). In the study area
3.01 sq. km forest area was converted in non-agriculture land use. After 1985, Koyna

wildlife sanctuary declared by Government of Maharashtra and illegal activities are
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strictly banned. After 2002 fifteen villages from core zone of the sanctuary were
rehabilitated to the other places, it shows that the settlement area in the sanctuary was
reduced from 0.17 sq. km to 0.16 sq. from 2014 to 2021. Road is an indicator of
development, it also had a significantly negative impact on forest covers (Nagendra et al.
2003; Soares et al. 2004; Fearnside 2008). The area covered by road has increased from
the original 0.30 sq. km in 1977 to 0.55 sq. km in 2021. About 0.22 sq. km forest land was

losses for widening of old roads and construction of new roads.

KOYNA WILDLIFE SANCTUARY LANDUSE - LANDCOVER MAP
2014

LULC Classes

kmo 80 10 20K A Agriculture Fallow land [l Road Scrubland
I Dense Forest

Medium Forest [l setteiment [l waterbody

Fig. 5 : LULC Map

CONCLUSION

After 36 years of declaration of Wildlife sanctuary, conservation policies seem to
be achieving their goals of restoring forest cover and conserving natural forests (He et al.
2008). Continuous conservation efforts through the forest department therefore
important for preventing deforestation and forest degradation in KWLS and during the
study periods the area under forest cover was increased in 2.12 sq. km. (Table 4). The
forest cover rapidly decline of the eastern part of the sanctuary shows that demographic
factors have significant negative effects on forest cover change. In addition, as a proxy of
development, road network also had significantly negative effects on forest cover change.
Forest transition in India is not a unique case in Asia. China and Vietnam have also
undergone forest transition during the last decade (Foster and Rosenzweig 2003). In

addition, many other developing countries around the world have slowed down
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deforestation and may step into a forest transition within the near future (Henson 2005;

Wannitikul 2005). Finally, although conservation policies have shown positive effects on

forest cover not only in the study area, but also in India as a whole (Liu et al. 2008). The

use of modern technologies such as satellite remote sensing and GIS are very useful for

the accurate measurements of the forest cover changes.

ACKNOWLEDGEMENT
The author is grateful to Rashtriya Uchchatar Shiksha Abhiyan (RUSA) and Chhatrapati

Shivaji College, Satara for providing financial support and research facilities for this

research.

REFERENCES

1.

Boggs, G. (2010) Assessment of SPOT 5 and QuickBird remotely sensed imagery for
mapping tree cover in savannas. International Journal of Applied Earth Observation
and Geoinformation:12(4), 217-224.

Byron N., Arnold J.E.M. (1999) what futures for the people of the tropical forests?
World Dev 27(5):789-805

Carr, D.L. (2008) Migration to the Maya Biosphere Reserve, Guatemala: Why place
matters. Human Organization. 67:37-48. [PubMed: 19657470]

Chandra G., Bruce, P., Zhiliang, Z., Singh A., and Tieszen, L., Larry, (2007) “Monitoring
mangrove forest dynamics of the Sundarbans in Bangladesh and India using multi-
temporal satellite data from 1973 to 2000. Estuarine, Coastal and Shelf Science. 73 (1-
2):91-100. (https://doi.org/10.1016/ j.ecss.2006.12.019).

Fearnside, P.M. (2008) The Roles and Movements of Actors in the Deforestation of
Brazilian Amazonia. Ecology and Society. 13:22.

Forest in India - 2012 (2012) Centre for Science and Environment, Tughlakabad
Institutional Area New Delhi-110062, India. pp.01

Foster A. D, and Rosenzweig M.R. (2003) Economic growth and the rise of forests.
Quarterly Journal of Economics. 118:601-637

FSI (Forest Survey of India) (2021) State of Forest Report, Volume -1, Published by
Forest Survey of India (Ministry of Environment Forest and Climate Change)
Kaulagarh road, P.O. IPE Dehradun - 248195, Uttarakhand. India,
https://fsi.nic.in/forest-report-2021-details. (Accessed on 10 October 2022)

He, G.M., Chen, X.D,, Liu, W,, Bearer, S., Zhou, S.Q., Cheng, L.Y., Zhang, H. M., Ouyang, Z.Y.

and Liuy, J.G. (2008) Distribution of economic benefits from ecotourism: a case study of

[EVOLUTION OF CONSERVATION POLICIES ON FOREST COVER CHANGES IN 1065|Page
KOYNA WILDLIFE SANCTUARY, MAHARASHTRA, INDIA - Dr. Subhash V. Karande



IIP : International Multidisciplinary Research Journal (IIPIMR]) ISSN: 3049-2734
Vol. 2 No. Issue - 1V (October-December) (2025)

Wolong Nature Reserve for Giant Pandas in China. Environmental Management.
42:1017-1025. [PubMed: 18853224]

10. Henson I. E. (2005) An assessment of changes in biomass carbon stocks in tree crops
and forests in Malaysia. Journal of Tropical Forest Science. 17:279-296.

11. Houghton R. A. (1991) Tropical deforestation and atmospheric carbon-dioxide.
Climatic Change; 19:99-118.

12.]Jha, S, and Bawa, K. S. (2006) Population growth, human development, and
deforestation in biodiversity hotspots. Conservation Biology; 20:906-912. [PubMed:
16909582]

13.Jorgenson A.K., Burns T.J. (2007) Effects of rural and urban population dynamics and
national development on deforestation in less-developed countries, 1990-2000.
Sociological Inquiry.77:460-482.

14.Karande S. V. (2017) Regional Climatology, ISBN: 978- 93-83144- 19- 8, Shubham
Publication, Kanpur

15. Kaswanto, N.N. and Arifin, H.D. (2010) Impact of land use changes on spatial pattern
of landscape during two decades (1989-2009) in West Java region, Hikobia.
Proceeding of Environmental Science 15: 363-376

16. Kayet, N. and Pathak, K. (2015) Remote Sensing and GIS Based Land use/Land cover
Change Detection Mapping in Saranda Forest, Jharkhand, India. International Research
Journal of Earth Sciences, 3: 1-6.

17. Krutilla, K., Hyde, W.F., and Barnes D. (1995) Periurban deforestation in developing-
countries. Forest Ecology and Management. 74:181-195.

18. Kumar, P., Rani, M., Pandey, P.C., Majumdar, A. and Nathawat, M.S. (2010) Monitoring
of Deforestation and Forest Degradation Using Remote Sensing and GIS: A Case Study
of Ranchi in Jharkhand (India); Report and Opinion, 2 (4), pp 14-20

19. Lins, K.S. and Kleckner, R. L. (1996) Land cover mapping: An overview and history of
the concepts. In: J. M,, Scott, T. H., Tear, and F., Davis (Eds.), Gap Analysis: A Landscape
Approach To Biodiversity Planning, American Society for Photogrammetry and Remote
Sensing, Bethesda, MD (1996), pp. 57-65.

20.Louisa, J.M.J. and Antonio, D.G. (2002) Parametric land cover and land use
classifications as tools for environmental change detection. Agriculture, Ecosystems &
Environment. 91: 89-100.

21.Lu, D., Mausel, P., Brondizio, E., and Moran, E. (2004) Change detection techniques.
International Journal of Remote Sensing, 25(12), 2365-2401.

[EVOLUTION OF CONSERVATION POLICIES ON FOREST COVER CHANGES IN 1066 [P age
KOYNA WILDLIFE SANCTUARY, MAHARASHTRA, INDIA - Dr. Subhash V. Karande



IIP : International Multidisciplinary Research Journal (IIPIMR]) ISSN: 3049-2734
Vol. 2 No. Issue - 1V (October-December) (2025)

22.Mascaro, ]., Detto, M. Asner, G.P. and Muller-Landau, H.C. (2011) Evaluating
uncertainty in mapping forest carbon with airborne LiDAR. Remote Sensing of
Environment. 115, 3770-3774. [CrossRef]

23. Mengistu, D.A. and Salami, A.T. (2007) Application of remote sensing and GIS in land
use/land cover mapping and change detection in a part of south western Nigeria.
African Journal of. Environmental Science and Technology 1: 99-109.

24.Meyer W.B., and Turner B.L. (1992) Human-population growth and global land-use
cover change. Annual Review of Ecology and Systematics. 23:39-61.

25. Mittermeier, R. A, Gil, P. R, Hoffmann, M., Pilgrim, J., Brooks, T., Mittermeier, C.G.,
Lamoreux, J. and Da Fonseca, G.A.B. (2005) Hotspots Revisited- Earth’s biologically
Richest and Most Threatened Terrestrial Ecoregions. CEMEX, Mexico.

26. MoEF (2007) Intreme country report -India for United Nations Forum on Forest (UNFF-
II). Ministry of Environment and Forest (MoEF), Government of India Available:
http://envfor.nic.in/nfap/ Unff2.pdf. Accessed on 18 April 2010

27.Murthy, I. K. and Kumar P. (2019) Forests Policies and Programmes in India:
Implications for Climate Change Adaptation, Open Journal of Forestry ISSN Online:
2163-0437 ISSN Print: 2163-0429, DOI: 10.4236/0jf. 9, Jul. 23, 226-240

28.0wojori, A., and Xie, H. (2005) Landsat image-based LULC changes of San Antonio,
Texas using advanced atmospheric correction and object-oriented image analysis
approaches. San Antonio. Retrieved from http://citeseerx.ist.psu.edu

29.Panchal, A, Rai, N. and Sharma, N. K. (2021) Assessment of forest land degradation by
remote Sensing and GIS: A case study of Jaisamand Wildlife Sanctuary, Udaipur
(Rajasthan), Ecology, Environment and Conservation, 27 (1); pp. (447-454)

30. Panigrahy, K., Kale, R., Manish, P., Dutta U., Mishra, A., Banerjee, B. and Singh, S. (2010)
Forest cover change detection of Western Ghats of Maharashtra using satellite remote
sensing based visual interpretation technique. Current Science. 98 (5): 657-664.

31.Prakasam, C. (2010) Land use and Land cover change detection through remote
sensing approach: A case study of Kodaikanal taluk, Tamil nadu. International journal
of geomatics and geosciences, 6: 37- 44.

32.Revenue and Forest department, Government of Maharashtra gazette number 113,
dated 21 August 2012.

33.Revenue and Forest department, Government of Maharashtra gazette, dated 10

October 1985.

[EVOLUTION OF CONSERVATION POLICIES ON FOREST COVER CHANGES IN 1067 |Page
KOYNA WILDLIFE SANCTUARY, MAHARASHTRA, INDIA - Dr. Subhash V. Karande



IIP : International Multidisciplinary Research Journal (IIPIMR]) ISSN: 3049-2734
Vol. 2 No. Issue - 1V (October-December) (2025)

34.Rizwan, M.A. (2011) Forest Mapping by using RS and GIS Techniques. Global Journal
of Researches in Engineering, Volume XI Issue VII Version I, 41 (]).

35. Schweik, C. M., Nagendra, H., and Sinha, D. R. (2003). Using satellite imagery to locate
innovative forest management practices in Nepal. Ambio, 32, 312-319.

36. Soares, B., Alencar, A., Nepstad, D., Cerqueira, G., Diaz, M.D.V., Rivero, S., Solorzano, L.,
and Voll. E. (2004) Simulating the response of land-cover changes to road paving and
governance along a major Amazon highway: the Santarem-Cuiaba corridor. Global
Change Biology. 10:745-764

37.The Global Forest Goals Report 2021, United Nations Department of Economic and
Social Affairs, United Nations Forum on Forests Secretariat (2021). Pp.08

38. Wannitikul G. (2005) Deforestation in northeast Thailand, 1975-91: Results of a
general statistical model. Singapore, Journal of Tropical Geography. 26:102-118.

39. https://bhoonidhi.nrsc.gov.in

40. https://earthexplorer.usgs.gov

41. www.imd.gov.in

42. www.soinakshe.uk.gov.in

43. https://censusindia.gov.in

44 https://www.isro.gov.in

[EVOLUTION OF CONSERVATION POLICIES ON FOREST COVER CHANGES IN 1068|Page
KOYNA WILDLIFE SANCTUARY, MAHARASHTRA, INDIA - Dr. Subhash V. Karande


https://bhoonidhi.nrsc.gov.in/
https://earthexplorer.usgs.gov/
http://www.imd.gov.in/
http://www.soinakshe.uk.gov.in/
https://censusindia.gov.in/
https://www.isro.gov.in/


  =   No .   of   correct   points  total   number   of   points X   100


  =    ( Reference   point     x   Total   points ) − sum   of   all     correct   points    ( total   points ) 2 −   sum   of   all   correct   points

