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Abstract

Background: Tropical forests have been experiencing remarkable rates of transformation over the past century as
they are getting degraded or decimated to a great extent by anthropogenic activities. This study aims at
investigating the long-term forest cover transformation in Palamau Tiger Reserve (PTR), Jharkhand, India, using
Landsat TM, ETM+, and OLI satellite images during 1975–2015. The forest cover was delineated utilizing various keys
of visual interpretation techniques.

Results: The forest cover was primarily decreased in the north-eastern and north-western parts in PTR. In order to
identify the anthropogenic disturbance in the forest reserve, human settlement density was mapped using high-
resolution Google Earth imagery. The results showed a positive correlation between human population density and
settlement density. Five major affected sites with an outer buffer of 2 km were demarcated in order to deduce the
anthropogenic influences in major non-forested sites in PTR. It was observed that the forest change was maximum
at site 3 (Ranidah, area 61.06 km2, − 6.47% change) followed by site 2 (Saidup, area 124.38 km2, − 7.65% change),
where settlement units were also high (2638 and 2621 settlement units, respectively). At site 1 (Barkheta, area 81.59
km2), − 1.99% change was observed, and at site 4 (Samadh Tola, area 9.15 km2), 1.03% change was observed having
moderate settlement units (2422 and 1892 settlement units, respectively). Areas with the low level of human
settlements (1038 settlement units) observed the least change, i.e., at site 5 (Netarhat, area 48.52 km2), 0.58%
change was observed mainly during the years.

Conclusions: The forest cover exhibited an overall decrease of 14.55 km2 (− 1.34% change) with episodic variation
during 1975–2015 in PTR, Eastern India. A significant forest disturbance occurred primarily in the north-eastern and
north-western parts of PTR along the forest fringe due to the high population and settlement density. The study
highlighted the potential use of freely available multi-temporal satellite observations in forest management.
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Introduction
The forest is a vital resource and under a high rate of
change due to the combination of changing climate and
anthropogenic influences (NEMA 2004). The human
population increase and global change in climate were
informed as crucial factors that contribute to forest
cover loss and gain in seasonally dry tropical ecosystems
worldwide (Lambin et al. 2003; Lepers et al. 2005).
These changes contributed to the increase in agricultural
expansion, the human population, and people’s socio-
economic condition, and these changes activated the un-
sustainable removal of natural resources. Forest cover
change and environmental monitoring is a significant
component for natural resources management for which
it is essential to generate relevant information for the
management of natural assets (Lu et al. 2004).
As per an estimate, the world’s total forests cover was

3.8 billion hectares in 2005 on the planet (30% of the
worldwide area of the land), in which 0.7% of forest per
year was affected due to deforestation during 1990–1995
(FAO 2012). The contribution of forests to food security
is often neglected, with the human population living in
and around forests deriving between one fifth and one
quarter of their income from forest-based sources, re-
spectively (Wollenberg et al. 2011). The forest fringe
communities depend directly or indirectly on forest
products for fuelwood, food, medicines, and other non-
timber forest products for their own consumption but
also for commercial purpose (Megevand 2013; Banerjee
and Madhurima 2013; Kumari et al. 2019). Also, the in-
creasing human population impels the conversion of for-
est area primarily in the fringe due to the search of new
suitable agrarian terrains (Nacoulma et al. 2012). As an
outcome, forest covers are being converted into farming,
pastureland, and impervious surfaces significantly affect-
ing the biodiversity and ecosystem functioning in the re-
gion (Pereira et al. 2010; Lucas et al. 2015; Lal et al.
2017). Land cover change is exceptionally exceptional in
tropical developing nations that are portrayed by
farming-based economies and quickly expanding human
populaces (Yeshaneh et al. 2013; Romijn et al. 2015).
The anthropogenic effects on land surfaces including
forests are effortlessly recognizable through temporal
satellite images (Arockiaraj et al. 2015). Further, the
regular monitoring of forest cover is indispensable for
the preparation of forest management plans and sustain-
able management of forest (Franklin 2001). The dry
tropical forest is debasing more expediently than the
moist tropical forest, disregarding their noteworthiness
for human occupants as a basis of products (Tucker
et al. 2005).
Reddy et al. (2017) reported that in India, large-scale de-

forestation and degradation occurred in the forest domi-
nated by dry deciduous and moist deciduous forests. This

is primarily occurring due to extensive cultivation, in-
creasing population, rapid urbanization, and rising stresses
on agriculture land (Kumari and Pandey 2019). As per
State of Forest Reports, India’s total forest cover was 633,
397 km2 (19.27%) in 1997 (Forest Survey of India 1997),
which was insignificantly increased to 637,293 km2

(19.39%) in 1999, 675,538 km2 (20.55%) in 2001, and 692,
027 km2 (21.05%) in 2011 (FSI 1999, 2001, 2011). Later, it
increased from 697,898 (21.23%) to 701,673 km2 (21.35%)
during 2013–2015 (FSI 2013, 2015). The increase in forest
cover primarily occurred in the open forest (including
commercial plantations) at the cost of moderately dense
forest located in the proximity to human habitations (Pan-
dey 2018). The change in the definition of forest cover as
well as the use of improved satellite images in recent pe-
riods as compared to the previous forest cover estimation
is also the possible reason of increased forest cover.
The Forest Survey of India in the biannual State of

Forest Reports (SFR) reported the net annual loss of 99,
850 ha of forest in Jharkhand during 2007–2009 (FSI
2009, 2011). Also, due to high level of urbanization in
the Ranchi district, significant rate of deforestation (−
0.95%) was observed during 1996–2008 (Kumari and
Pandey 2019). The forest cover in Jharkhand was 21,692
km2 in 1997, which was decreased slightly to 22,637 km2

in 2001. However, the total forest area has been grad-
ually increased from 22,894 to 23,478 km2 (29.45%) dur-
ing 2009–2015 (FSI 2009; FSI 2015; Fig. 1). The forest
cover increase occurred mainly due to the adequate pro-
tection including plantation drive and forest protection
measures by the Village Forest Protection Committees
and forest department (FSI 2011).
Satellite observations at a temporal scale provide ac-

curate information concerning deforestation and forest
degradation. The development in remote sensing tech-
niques, availability of high-resolution images in optical
and non-optical region, and high temporal availability in
combination with GIS has emerged as an efficient tool
in continuous detection, quantification, and mapping of
forest areas and its changes over the years (Sakthivel
et al. 2010). To derive such information from the satel-
lite images, visual image interpretation, digital classifica-
tion, hybrid, and machine learning algorithms are the
efficient techniques. Visual image interpretation tech-
nique is particularly quick, less costly, and helpful in
case of limitation in technical capacities to use digital
image mapping and classification (Beaubren 1986; Kush-
waha et al. 2000). Human population growth results in
an increase in pressures on habitats that hinder the
management of the protected area considerably in forest
fringe areas (Curran et al. 2004). There are very limited
studies addressing the land cover change pre- and post-
formation of protected areas, which provide an insight
of the influence of the management regimes over the
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period (Sader et al. 2001). A worldwide study of 198 pro-
tected regions revealed that ~ 70% of areas nearby
buffers of protected regions had revealed deterioration
in forests, though 25% of areas experienced a decrease
inside the administrative boundaries (DeFries et al.
2005).
Palamau Tiger Reserve (PTR) is the first sanctuary

in the world, where the census of tiger (Panthera ti-
gris) was carried out using pugmark count in 1932
under the supervision of J.W. Nicholson. Due to for-
est degradation and persistent disturbances in PTR,
the tiger habitat has been profoundly altered. There-
fore, in the present study, the varied aspects of forest
cover change were analyzed over four decades. This
study aims to produce a forest cover change in PTR
to identify the alterations that occurred in the region
by using the change detection method from 1975–
2015. Furthermore, the influence of anthropogenic ac-
tivity on forest cover was estimated in the proximal
and distant areas of the settlement units.

Study area
The forest cover of Jharkhand accounts for 29% of its
total geographical area and is prone to degradation due
to forest fire hazard leading to loss of green cover and
biodiversity (Kumari and Pandey 2019). Palamau Tiger
Reserve is situated between latitude 23° 25′–23° 55′ N
and longitude 83° 50′–84° 36′ E in the Jharkhand state
covering the total area of 1222.43 km2 at an elevation
from 200 to 1100m above sea level (ASL; Fig. 2). As per
Champion and Seth (1968), the forest types of Palamau
Tiger Reserve belong to moist tropical forest and dry
tropical forest. The forest types of the region represented
by dry deciduous forests and moist deciduous forests
mainly include Sal and Bamboo.
The study area, Palamau Tiger Reserve, is well recog-

nized as it has been endowed with rich flora and fauna.
A history of drought events was seen in the Palamau re-
gion due to its geographic location in rain shadow (Rao
et al. 1991). Therefore, it is declared as an economically,
socially backward, and ecologically fragile zone. The

state (Jharkhand) is prone to forest fires due to the dom-
inance of dry deciduous forest that is occupied by tribal
people who are dependent on the forest for their livings
and are often blamed for forest fires (Banerjee and Mad-
hurima 2013; Kumari and Pandey 2019). The tribal com-
munity is the main population of the area, and their
livelihood mainly dependent on primary activities (Pan-
dey et al. 2012; Tirkey et al. 2012). There are approxi-
mately 191 villages in PTR, which are primarily non-
forest area within the reserve forest comprising settle-
ments and agricultural land. The major settlements/vil-
lages are Morwai Kalan, Chumma, Juruhar, Wopag,
Nawadih, Lat, Harhe, Bere, Hesag, Garu, Bartoli, Netar-
hat, and Ladi.

Methodology
In the present study, the spatial distribution of forest
cover was mapped using Survey of India (SOI) topo-
graphical maps, temporal Landsat, and Sentinel 2A satel-
lite images (Table 1). The Landsat satellite datasets were
acquired from the Global Land Cover Facility (GLCF;
http://glcfapp.umiacs.umd.edu:8080/esdi/index.jsp), and
Sentinel 2A satellite data was acquired from earth explorer
website (https://earthexplorer.usgs.gov/).
The satellite imagery from Landsat MSS (1975), TM

(1991), ETM+ (2001), TM (2010), and OLI (2015) was
used to delineate forest and non-forest area during
1975–2015 using visual interpretation techniques and
analyze forest cover change. Sentinel 2A (2015) was
used to prepare the location map of the study area.
Later, individual habitation units within PTR were de-
lineated using high-resolution satellite (HRS) images
from Google Earth employing visual interpretation
method and used for mapping settlement density in
the various zones in PTR. The population density
within the different revenue villages was acquired
from Census of India (2011). The settlement and
population density was spatially correlated with forest
cover change to deduce the anthropogenic influences
in PTR. The ERDAS Imagine version-15 and Q GIS
version 2.18 software were used for data preparation
and geospatial analysis.

Fig. 1 Forest cover status in Jharkhand state (as per the Forest Survey of India, 1999 to 2015)
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Results
Spatio-temporal forest cover dynamics in PTR
The forest and non-forest cover in Palamau Tiger
Reserve were mapped using multi-temporal satellite
images during 1975–2015. The satellite-based obser-
vations exhibited a gradual decrease in forest cover
with the overall change of 14.55 km2 (− 1.34% change)
during 1975–2015 (Figs. 3 and 4). The periodic

observations exhibit that forest cover was 1097.16 km2

(89.75% coverage of PTR) in 1975, which slightly de-
creased to 1088.76 km2 (89.07% coverage; − 0.77%
change) in 1991 to 1086.69 km2 (88.90% coverage; −
0.19% change) in 2001. It was 1086.41 km2 (88.87%
coverage; − 0.03% change) in 2010 and 1082.61 km2

(88.56% coverage; − 0.35% change) in 2015 (Table 2,
Figs. 3 and 4). The change in forest cover was high

Fig. 2 Location map of the reserve forest of Palamau Tiger Reserve in Eastern India with overlaid FCC of Landsat OLI satellite image (acquired on
23 October 2015)

Table 1 Details of the data used in the study

Data type Date of acquisition Spatial resolution Path–row

Landsat 1 (MSS) December 15, 1975 60m 152–44

Landsat TM October 12, 1991 30m 141–44

Landsat ETM+ November 22, 2001 30m 141–44

Landsat TM October 21, 2010 30m 141–44

Landsat OLI October 23, 2015 30m 141–44

Sentinel 2A December 28, 2015 10m –

Topographical sheet no. 1972 1:250,000 U502 series: F44F14, F45A5, F45A2, F45A1
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in 1991 (− 0.77%) and low (− 0.03%) in the year of
2010 (Table 2).
On the contrary, the satellite-based observations ex-

hibited a gradual increase in non-forest cover, with the
overall change of 14.55 km2 (10.40% change) from
1975–2015. The non-forest cover was 125.25 km2

(10.25% coverage) in 1975, which slightly increased to
133.67 km2 (10.93% coverage) in 1991 to 135.74 km2

(11.10%) in 2001 to 136.02 km2 (11.13%) in 2010 to
139.82 km2 (11.44%) in 2015 (Table 2). The change in
non-forest cover was high during 1975–1991 (6.71%)
and low (− 0.21%) during the period 2001–2010.

Anthropogenic influence on the forests
In order to identify the anthropogenic disturbance in
reserve, human population density and settlement
density was analyzed with forest cover change in
PTR. The study exhibited that the central and north-
ern parts in PTR were having a high concentration of
human settlements, whereas the south-eastern and
eastern parts have moderate to low concentration of
human settlements (Fig. 7). It exhibits that the vil-
lages, viz, Morwai, Juruhar, Lat, Chahal, Hesag, and
Netarhat, were having high settlement, whereas the
villages Nawatoli, Bindag, and Totki were having the

Fig. 3 Forest and non-forest cover in Palamau Tiger Reserve as observed in satellite images and classified map for the year 1975 (a, f), 1991 (b, g),
2001 (c, h), 2010 (d, i), and 2015 (e, j)

Fig. 4 Forest and non-forest area in PTR
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least concentration of population. The study indicated
that the non-forest area was mainly increased in the
north-east and north-west regions. In the south-
eastern region, a small increase in the non-forest area
was observed. In the south-western region, a slight or
minor increase in the non-forest area was detected.
Morwai Khurd, Morwai Kalan, Pipratanr, Saletongri,
Chumma, Juruhar, Sahebtikwatoli, Panhiyatola, Cha-
kalwatoli, Nawadih, Churatoli, Luhurtola, Samadhtola,
Garu, Hesag, Dhangartola, Armu, Netarhat, and Bar-
toli are the areas where the significant increase in
non-forest cover was observed.
In the present study, the spatio-temporal forest cover

change analysis of the major five sites (within PTR) was
studied along with respective settlement units within the
2-km buffer zone. The result exhibits a decrease of −
1.99 km2 total vegetation cover at site 1, vegetation loss
of − 7.65 km2 at site 2, − 6.47 km2 vegetation loss at site
3, vegetation loss of 1.03 km2 at site 4, and 0.58 km2

vegetation loss at site 5 during the period 1975–2015
(Figs. 5 and 6). The significant loss of forests may have
attributed to an increase in human as well as cattle pop-
ulations. The population of humans and cattle increased
ten times in the eight forest villages, which has resulted
in the spreading of these villages further into the core by
converting forests in agriculture land and houses. The
forest adjoining to these villages is gradually becoming
open due to overgrazing, firewood collection, and timber
collection for agriculture and household and housing ac-
tivities (Department of Forest and climate change 2015).
The population density in Palamau Tiger Reserve ex-

hibited very high (> 2000/persons) and high (1200–2000
persons) population in north-western parts and north-
western parts in PTR, respectively (Fig. 7). The area with
a moderate population was observed in the southern
part, whereas a low population has observed in the west-
ern parts. Morwai Kalan and Chungru villages were hav-
ing the highest population. The ratio of individuals and
the size of forests indicate the degree of social pressure
over forest resources. The overall change (1975–2015)
was observed high at site 3 (− 6.47 km2 change) and at
site 2 (− 7.65 km2 change), where settlement units were

also observed high, i.e., 2638 and 2621 settlement units,
respectively. Site 1 (− 1.99 km2 change) and site 4 (1.03
km2 change) were observed with moderate change and
were having moderate settlement units, i.e., 2422 and
1892 settlement units, respectively (Table 3). Areas with
low human settlements (1038 units) had the least change
in forest cover, i.e., 0.58%.
It is worthy to note that the major alteration was evi-

dent in the northern part of PTR. Therefore, to deduce
the anthropogenic influences in the forest, an outer buf-
fer (2 km) of non-forest zones (site 2) with a significant
change in PTR was taken into consideration. The result
exhibited that the significant forest cover change was ob-
served primarily in the northern parts of PTR compris-
ing Paisartanr, Pipratanr, Chumma, Saidup, and
Barichatan villages during 1975–2015 (Figs. 7 and 8).
The temporal analysis indicated that the total forest area
was 101.68 km2 in the select zone in 1975, which was re-
duced to 94.03 km2 in 2015 (Fig. 9). The HRS Google
Earth imagery-based settlement unit mapping indicated
very high settlement density (2621 housing units) in the
respective area as a comparison to other non-forest
zones in PTR.

Discussion
The satellite-based mapping of vegetation is effectively
being performed using the visual interpretation of the
acquired images (Beaubren 1986; Kushwaha et al.
2000), computer-based digital classification like super-
vised, unsupervised (Jensen 1986), hybrid classifica-
tion, and machine learning algorithms (Hoffer 1986).
The regular forest cover estimates are among the es-
sential information required for forest management
practices and preservation and restoration of plant
species. The multi-temporal satellite imageries ac-
quired from Landsat MSS (December 15, 1975), TM
(October 12, 1991), ETM+ (November 22, 2001), TM
(October 21, 2010), and OLI (December 28, 2015)
were used to delineate forest and non-forest area
boundaries during 1975 to 2015 utilizing various keys
of visual interpretation techniques to assess forest
cover transformation. The regular and gradual

Table 2 Area statistics of forest and non-forest cover in PTR during 1975–2015

Years Area (km2) Area (%) Change (%)

Forest Non-forest Forest Non-forest Forest Non-forest

1975 1097.16 125.27 89.75 10.25 – –

1991 1088.76 133.67 89.07 10.93 − 0.77 6.71

2001 1086.69 135.74 88.90 11.10 − 0.19 1.55

2010 1086.41 136.02 88.87 11.13 − 0.03 0.21

2015 1082.61 139.82 88.56 11.44 − 0.35 2.79

Total change − 14.55 14.55 − 1.19 1.19 0.42 − 3.92
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Fig. 6 Graph showing loss of forest cover during 1975–2015

Fig. 5 a–y Periodic forest area changes in various sites within Palamau Tiger Reserve, Eastern India
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decrease in forest cover in Palamau Tiger Reserve
may be attributed to the combined influence of an-
thropogenic as well as natural factors with varied in-
tensity. The core area of PTR was a significant source
for bamboo and timber extraction, so the area has
closed for grazing and timber extraction. Cattle utilize
grasslands and weeds/invasive started to appear in
grasslands and in the gap area. The incidence of se-
vere drought condition during various years also re-
sulted in drying up of saplings, shrubs, and herbs and
affects the regeneration of plant species in the forests.
Frequent fire incidences in the reserve forest due to
natural as well as man-made had further deteriorated
habitat (Department of Forest and climate change
2015).
The human influence affects the forests differently, and

the magnitude of the effects will depend sturdily on the
methods employed locally, the forest type, and on other
factors around and within the ecosystem. The spatio-
temporal satellite monitoring revealed that significant

forest disturbance occurred in the north-eastern and
north-western parts, whereas minor forest loss has per-
ceived in the south-western parts in PTR. The spatio-
temporal change in the forest cover exhibits a significant
decrease in the forest cover during 1975–2015, primarily
in the vicinity of existing non-forest areas comprised of
human settlements dominated by tribal population, which
in combination with natural disturbances (impact of forest
fire, climate change) all together influence the forest cover
and habitat of the wildlife (Department of Forest and cli-
mate change 2015). The periodic monitoring using multi-
temporal satellite observation contributed in the effective
assessment of forest and non-forest cover change and may
support in the forest management plan for the protected
areas of PTR.
Between 1960 and 1995, the effect of human population

and economic growth on demand for food and forest
products has exemplified by past consumption trends.
The causes of deforestation over the 1980–1990 decade
clearly show rural population growth coupled with agri-
cultural expansion took place primarily in Africa and Asia,
and economic development programs in Latin America
and Asia are significant causes of changes in forest cover.
The high population growth possibly caused dramatic
growth in the demand for timber and non-timber prod-
ucts, which lead to the overexploitation of forest resources
in the vicinity of forest boundary in PTR. The comparative
analysis of settlement units and population concentration
clearly shows a very high positive correlation between
populations with the non-forest areas. Human activities
such as tree cutting have altered species composition and
modified forest structure to such an extent that vast

Fig. 7 a Settlement units mapped using high-resolution Google Earth imagery. b Settlement density. c Population density in Palamau
Tiger Reserve

Table 3 Area statistics of loss of forest cover (1975–2015)

Location
within
PTR

Forest area (km2) Change
(1975–
2015)
(%)

Settlement
units1975 1991 2001 2010 2015

Site 1 65.13 64.38 63.99 62.43 63.14 − 1.99 2422

Site 2 101.68 103.77 100.22 94.92 94.03 − 7.65 2621

Site 3 85.58 83.73 81.93 81.03 79.11 − 6.47 2638

Site 4 60.46 60.36 59.43 59.92 61.49 1.03 1892

Site 5 41.17 40.92 40.91 41.53 41.75 0.58 1038
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stretches of forest have been replaced by woodland or
shrubland (Smiet 1992), and that are evident in the forest
fringe area (Fig. 10). The influences of demographic
changes on forests have measured in terms of forest and
land-use changes, demand and ingesting of timber prod-
ucts, and environmental anxieties such as urban greening
or forestry, recreational demand. The overall result
showed that the highest loss of forest cover occurred near

the area with high human population and vice versa. Agri-
cultural expansion, logging development, and other hu-
man activities are major factors for the loss of vegetation.
Although there are advantages of visual interpretation, it
also has its limitations, such as it requires a skilled expert
who is familiar with ground conditions. It is time-
consuming when compared to automated methods,
resulting in high costs.

Fig. 8 Forest area of the northern parts of Palamau Tiger Reserve during 1975–2015

Fig. 9 Significant changes occurred in the forest of the northern part in PTR as observed through satellite images of 1975 (a) and 2015 (b) and
respective classified images (c, d)
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Conclusions
The study presents the spatio-temporal forest cover
change in Palamau Tiger Reserve, Eastern India, using
temporal remote sensing imageries during 1975–2015
to deduce the influence of natural and anthropogenic
factors in forest cover change. The study reveals a sig-
nificant forest disturbance that occurred along the for-
est fringe in the north-eastern and north-western parts
of PTR, where population increase and settlement units
were higher. On the contrary, minor forest loss was ob-
served in the south-western parts of PTR, where popu-
lation increase and settlement units were comparatively
lesser. The study showed good results in the satellite
data-based monitoring of changes in the forest cover
thereby linking them to anthropogenic factors that can
utilize for effective planning and management of forest
ecosystems. There was no significant forest degradation
observed, which shows that the state forest depart-
ments of Jharkhand took authoritarian maintenance ef-
forts. The increase in forest cover occurred due to
plantation and protection activities. Palamau Tiger Re-
serve has a high grade of protection in the core zone
and buffer zone after the declaration as a biosphere
reserve.
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