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Monitoring of forests has gained vital recognition in
the international scenario due to realization of its role
in carbon sequestration, biodiversity and global
warming. Through advancement of remote sensing
and GIS technology it is possible to monitor and analyse
gross and net changes in forest ecosystems. This article analyses the deforestation rates and drivers of deforestation in India and summarizes the Government
initiatives for conservation of forests based on the
published literature. It also reviews gross and net rate
of deforestation from the national level to locale scale.
At the national level, Forest Survey of India has been
carrying out mapping of forest cover on a biennial
basis. The current estimate of gross deforestation in
India is quite low (–0.43%) for 2009–2011 compared
to the global average of –0.6%. Even though considerable progress has been made in the protection of forests,
gross deforestation rate continues as a focal hindrance. The deforestation studies carried out in various parts of India are found to be fragmentary and far
from being comprehensive. From the regional analysis
carried out, it can be seen that the overall net rate of
deforestation was relatively high in the North East region (–0.90 to –5.29) and Deccan Peninsula (–0.19 to
–3.2) followed by the Western Ghats. For precise
estimation of gross and net deforestation, consistency
in definitions, uniform methodology and new techniques for quantifying forest cover have been realized.
Keywords: Deforestation, forest cover, gross and net
rate, national and regional scale.
WITH the realization of an ever-increasing pressure on
forests, loss of biodiversity due to changes in land
use/land cover and the impact of forests on climate
change, monitoring of forest cover is being appreciated
more than ever before all over the world1,2. The definition
of forest varies across countries. FAO Global Forest
Resource Assessment 2005 has used parameters of minimum tree height 5 m, canopy cover more than 10% and
minimum land area 0.5 ha (ref. 3). The threshold of 10%
is key in this definition. In many countries, forest is typically defined as an area with substantially higher levels of
canopy closure, for example, 30–40% depending on age
in Russia4 and 60% in South Africa5. In Australia, forest
is defined as a vegetation type dominated by woody species having a mature stand height exceeding 5 m, with an
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overstorey canopy cover greater than 20%. In the classification of forests introduced by UNEP WCMC, all forest
classes have a minimum threshold of 30%, except for the
class including sparse trees and woodlands, for which
canopy closure is from 10% to 30% (ref. 6). Forest cover
analysis by the Forest Survey of India (FSI) using satellite data, defines forest as an area of more than 1 ha and
>10% of tree canopy cover7. The scale of current manmade destructions is the prime concern of the day, as it
leads to deforestation which has been ranked as the greatest
global environmental problem8,9. Deforestation can be defined as the process of change of land use with depletion
of tree crown cover to less than 10% (ref. 3). The effects of
deforestation on biodiversity are mainly destruction of
habitat, fragmentation and creating edge effects between
the boundary of a forest and deforested land10.
The FAO estimated the total area of the world’s forests
in 2005 to be 3.8 billion hectares or 30% of the global
land area3. According to FAO, the global rate of deforestation is reported to be 0.7% per year from 1990 to 1995
(ref. 11). The net rate of forest loss in the tropics is
21 m ha, which means that about 1.2% of all remaining
tropical forests were cleared annually12. Nearly 1.8% of
the forests is estimated to be degraded every year, the
major cause being deforestation13. If the current rate of
deforestation continues, the world’s tropical forests will
vanish within 100 years – causing unknown effects on
global climate and eliminating majority of the species14.
Yet, the estimates are uncertain, that is why it is important to monitor and assess the forest resources with a
more practical approach15. A report estimates that the
Earth’s total forest area continues to decrease at about
13 M ha yr–1 (ref. 16). Overall, there was a net decrease
in global forest area of 1.7% between 1990 and 2005, at
an annual rate of change of 0.11%. The rate of forest loss
was reported as 3 M ha per year between 1990 and 2000
and 6 M ha per year between 2000 and 2005 (ref. 16). In
addition, the global gross forest cover loss was reported
to be 0.6% per year during 2000–2005 (ref. 17).
Absence of reliable spatial datasets on deforestation is
a major obstacle for modelling global environmental
change18. Monitoring of deforestation is perceived as the
most important contribution of remote sensing technology to the study of global change19. The combination of
remote sensing as well as GIS techniques with ground
surveys can go a long way in the management of critical
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areas and contribute to the ecological interpretation of
remote sensing data. Globally, AVHRR, MSS and TM
data have been widely used for estimating deforestation20.
Considerable accuracy can be achieved through the combination of high-resolution satellite data, automated
methods and high level of human expertise21. Through
multi-temporal remote sensing data, change detection can
be monitored and gross and net changes in forest ecosystems can be analysed. Remote sensing technology can be
further applied to monitor the status of conservation
targets and to evaluate the conservation effectiveness. A
global level study for 198 of the protected areas indicated
that nearly 70% of the surrounding buffers has shown decline, and 25% has experienced decline within its very
own administrative boundaries22.
India is one of the mega-biodiversity nations and seventh largest in the world and second largest in Asia having an area of 328.72 m ha. It has about 17,000 species of
flowering plants and about 5400 endemic species23. India
is considered to be one of the 12 centers of origin and
diversity of several plant species in the world. The country’s rich vegetation wealth and diversity is undoubtedly
due to the immense variety of climatic and altitudinal
variations coupled with varied ecological habitats. Champion and Seth24 have recognized 16 major forest types
comprising 221 minor types in India. Deforestation was
in the form of tree felling during the pre-colonial era in
India, when tribal folks were more hunter-gatherers and
who subsequently practised shifting cultivation for their
living. This was followed by settled form of agriculture
where forest lands were cleared for cultivation and later,
gradually forests came to be cleared for commercial purposes, as raw material sources and use in forest-based
industries25. The major drivers of forest cover changes in
India are shifting cultivation along with encroachment for
agricultural land, mining, quarrying, expansion of settlements, dam construction and illegal logging26,27. A study
by Jha and Bawa28 has quantified the effect of human
population growth, human development index (HDI;
which measures income, health and education) and deforestation rate, and found that when population growth was
high and HDI was low there was a high rate of deforestation, but when HDI was high, and rate of deforestation
was low, population growth was still high. Few international agreements such as the Ramsar Convention, the
World Heritage Convention and the UNESCO MAB programme advocate the concept of setting up of ‘Protected
Areas’ (PAs) whereas others such as Convention on Biological Diversity, European Natura 2000 network and
many national policies support the establishment of a
comprehensive system or network of PAs29,30.
The Indian Forest Act, 1927, the first such act, failed to
address many contemporary issues related to forest management. Deforestation was realized as a critical threat to
the existence of endangered species while the Endangered
Species Act of 1973 was being drafted31. The Wildlife
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Protection Act, 1972, provided protection to wild animals, birds, plants as well as their habitat and envisaged
setting up of PAs. The Forest Conservation Act aimed at
lowering the rate of deforestation by controlling conversion of forest land to non-forestry purposes. National
Forest Policy, 1988, envisaged in making forest management participatory and conservation-oriented32.
The Supreme Court of India has banned all kinds of
clear-felling in the forests of India from 1996 onwards,
which has resulted in greater protection and a decreasing
trend of deforestation33. The Biodiversity Act, 2002,
primarily focused on the conservation of biological
resources by facilitating access to local communities by a
sustainable approach. The National Environment Policy,
2006, addressed the issue of empowerment of the local
communities to avoid forests from becoming open access
in nature and degrading gradually. The Green India Mission under the National Action Plan on Climate Change,
2008, advocated bringing one-third of the nation’s geographic area under forest cover by afforestation of wastelands and degraded forest areas34. Presently, India has
590 PAs – 500 wildlife sanctuaries and 90 national parks
covering an area of 156,700 sq. km. At present, under the
provisions of the Act, 4.7% of the total geographic area
of the country is devoted to in situ conservation of habitats and ecosystems30.
NRSA (now NRSC) had carried out nation-wide mapping of forest cover using Landsat MSS data in 1972–75
and later in 1980–82 for the first time on 1 : 1 M scale35.
Consequently, FSI, an operational agency of Ministry of
Environment and Forests, Government of India started
mapping forest cover in the country using remote sensing
data. Reliable quantification of deforestation necessitates
satellite images of IRS LISS III (spatial resolution of
23.5 m) or finer spatial resolution. Despite the source and
degree of deforestation, the forest cover change analysis
needs to be carried out during annual/biennial period at
the national level to sub-annual level for deforestation
and degradation hotspots. The biennial forest cover
assessment was initiated by FSI at 1 : 250,000 scale and
later on at an improved scale, i.e. 1 : 50,000 (since 2001).
According to the recent State of Forest Report, forest
cover of India was 692,027 sq. km (21% of TGA) during
2009 (ref. 7). NRSC has initiated spatial database preparation for Indian forests as part of the National Carbon
Project in order to detect the changes that have taken
place, particularly in the forests and subsequently to analyse trends that have taken place over a period from 1920
to 2010/11 (ref. 36). This study aims to present rates and
patterns of deforestation in India based on the published
literature from FSI, FAO, etc.

Methods
The present work uses published information primarily
from FSI, FAO and other regional level/locale-specific
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Figure 1.

Net deforestation rate (a) and gross deforestation rate (b) in India during 2001–11 (source: FSI).

Table 1.
tI
2001
2003
2005
2009

Net and gross deforestation rate in India during 2001–2011 (source: FSI)

t2

a1 (area in sq. km)

a2 (area in sq. km)

Net rate

a1 (area in sq. km)

a2 (area in sq. km)

Gross rate

2003
2005
2007
2011

675,538
678,333
690,171
692,394

678,333
677,088
690,899
692,027

+0.21
–0.09
+0.05
–0.03

675,538
678,333
690,171
692,394

629,146
674,022
683,583
686,519

–3.56
–0.32
–0.48
–0.43

case studies. The causative factors of deforestation in
different parts of India are discussed. Forest area loss can
be measured using spatial analysis. In order to analyse
deforestation, the annual rate of change is calculated by
comparing the area under forest cover in the same region
at two different times. According to FAO, the annual rate
of forest change is derived from the compound interest
formula due to its explicit biological meaning37,38. This is
as follows
r = 1/(t2 – t1) × ln a2/a1,
where r is the annual rate of change (percentage per
year), a1 and a2 are the forest cover estimates at time t1
and t2 respectively.

Discussion
National-level deforestation rates
Consistent estimates of deforestation rates in India are
lacking. The first estimate by FAO calculated an annual
gross deforestation rate of 0.6% between 1981 and 1990
for India, where the scale of reporting is unknown and
areas of afforestation were not included11. The second
estimate by Ravindranath and Hall39 suggested India’s
annual net deforestation to be 0.04% between 1982 (1 : 1
million scale) and 1990 (1 : 250,000 scale). Another estimate by Ravindranath et al.40 suggested India’s annual
net deforestation to be 0.07% between 1981–83 and
1985–87 based on FSI assessment. These estimates are
widely dissimilar due to scale, definition, methodology of
classification, quality of hard copy images and inclusion/
exclusion of afforestation. Such inequality in estimates of
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the rate and extent of deforestation calls for more careful
regional level or locale-specific studies11. Even though
significant progress has been made in the protection of
forest cover, gross deforestation continues as a major
impediment. However, the speed of deforestation is likely
to be less compared to the period 1970–90.
The net and gross deforestation estimates of Indian forests by FSI are shown in Table 1. Figure 1 a and b shows
the percentage of net deforestation and gross deforestation respectively. It should be noted here that although
the percentage of net rate of deforestation shows both
negative and positive values, the gross rate of deforestation constantly shows negative values due to ongoing
human-induced land-use changes for various economic
purposes. The current estimate of gross deforestation in
India is low (–0.43) for 2009–11 compared with the
global average of –0.6%.

Regional/locale-specific deforestation rates
The regional level/locale-specific studies on deforestation
have been reviewed herewith to analyse rates of deforestation and to prioritize deforestation hotspots for effective
conservation strategies. Various studies have identified
the regions of higher to lower risk of deforestation in
different parts of the country. We have identified five
major bio-geographic zones of high conservation value
for regional-level assessment based on the availability of
the published literature. It should be noted that the gross
rate of deforestation was missing in many of these studies
and was also not possible to calculate, since the change
area matrix of land use/land cover itself was absent in the
published work (Table 2).
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Indian Himalayas

Himalaya

North-East India

Tripura

North-East

Part of Barak valley,
North Tripura

Kerala and
Tamil Nadu
Kerala and
Tamil Nadu
Maharashtra

Assam

Jammu & Kashmir

Doodhganga Range

Sonitpur

Uttarakhand

Pithoragarh

Eastern Himalayas

Western Himalayas

Uttarakhand

State

Kuchgad, Almora

Western Ghats Agasthyamalai
region
Southern
Western Ghats
Northern
Western Ghats

Northeast

Himalaya

Study area

Table 2.

1999
2006
2006
2004

1990
1999
1976
1994

1990
1995
2005

1973
1987

1999
2006

1989
2000

1920

1993

1989

2001

2000
2100
2100
2000
2100
2100
2000
2100
1990

1970
2000
1970
1970
2000
1970
1970
2000
1976

1994

1988
1997
1997
2100

T2

1967
1988
1967
1970

T1

18

22

70

10
6

4

7

9
7
30
10

30
100
130
30
100
130
30
100
14

21
9
30
130

T 2 – T1

9,663.5

10,669.2

1626

165,777
175.6

165,777

810.4

1,138.4
1,137.6
1,161.8
61.4

157,050
133,410
81,260
81,260
63,120
75,790
75,790
70,300
1,161.8

29.7
27.5
29.7
157,050

T1

T2

9,400.3

7,939.6

1,423

166,173
127.8

164,359

578.2

1,137.6
1,118
1,118
57.3

133,410
82,920
28,130
63,120
28,130
54,790
70,300
54,790
1,138.4

27.5
26.1
26.1
82,920

Area (sq. km)

–263.3

–2,729.6

–203

396
–47.8

–1,418

–232.2

–0.8
–19.5
–43.8
–4.1

–23,640
–50,490
–53,130
–18,140
–34,990
–21,000
–5,490
–15,510
–23.4

–2.2
–1.4
–3.6
–74,130

–0.15

–1.34

–0.19

0.02
–5.29

–0.21

–4.82

–0.01
–0.25
–0.13
–0.69

–0.54
–0.48
–0.82
–0.84
–0.81
–0.25
–0.25
–0.25
–0.15

–0.37
–0.6
–0.48
–0.49

–0.37

NA

NA

NA
NA

NA

NA

–0.37
–0.93
–0.52
–0.96

NA
NA
NA
NA
NA
NA
NA
NA
–0.24

NA
NA
NA
NA

% Deforestation
Net area
loss/gain Net rate Gross rate

Net and gross deforestation rates in regional level/local-specific studies in India

Dams, expansion of
plantations and agriculture
Dams, expansion of
plantations and agriculture
Infrastructure development,
dams, mining

Shifting cultivation

Logging, encroachment
for agriculture
Shifting cultivation,
mining, forest fires,
logging, infrastructure
development

Expansion of agriculture

Expansion of agriculture
and settlements

Various anthropogenic
factors

Agricultural expansion

Major drivers
identified

51

48

47

46

27

45

44

42

41

43

Reference
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Jharkhand
Andhra Pradesh
Odisha

Odisha

Madhya Pradesh

Odisha

Singrauli

2010

1975
1985
1995
2010
1991
2010
2010

1935

1935
1975
1985
1995
1978
1991
1978

1990
2004
2008
2006
2004

1973
1990
1996
1988
1973

Ranchi
R.V. Nagar
Malkangiri

2004

1973

Odisha

2005
2005
2010

1999
1976
1991

2004

2005
2005
1999

2000
1977
1976

1993

Tamil Nadu

Point Calimere
Wildlife Sanctuary

1988
2004
2004
2004
2000

T2

1973
1988
1973
1973
1977

T1

Andhra Pradesh

Andaman

North Andaman

Pranahita Wildlife
Sanctuary
Nawarangpur

Odisha
Andhra Pradesh

Balasore
Mangroves of
Godavari delta

State

Odisha

Study area

Bhitarkanika

(Contd)

Deccan
Peninsula

Coasts and
islands

Table 2.

40
10
10
15
13
19
32

75

17
14
12
18
31

31

11

6
29
19

5
28
23

15
16
31
31
23

T 2 – T1

81,786
56,661
51,642
49,773
1,730.7
1,352.9
1,730.7

81,786

2,122.4
1,329.5
52.5
258.9
3,003.4

2,122.4

82.7

1,273
1,347.9
13

185.2
194.8
1,347.9

180
178.7
180
3.2
194.8

T1

T2

56,661
51,642
49,773
48,669
1,352.9
1,044
1,044

48,669

1,329.5
783.6
46.8
223.7
2,125.4

783.6

80.2

1,222.2
1,222.2
13.5

186.1
186.1
1,273

178.7
164.6
164.6
3.3
185.2

Area (sq. km)

–25,125
–5,019
–1,869
–1,104
–377.8
–308.9
–686.7

–33,117

–792.9
–545.9
–5.7
–35.2
–878

–1,338.8

–2.5

–50.8
–125.7
0.5

0.9
–8.7
–74.9

–1.3
–14
–15.3
0.2
–9.6

–0.92
–0.93
–0.37
–0.15
–1.89
–1.36
–1.63

–0.69

–2.75
–3.78
–0.95
–0.81
–1.12

–3.22

–0.28

–0.68
–0.34
0.19

0.1
–0.16
–0.25

–0.05
–0.55
–0.29
0.18
–0.22

–0.92
–1.15
–0.4
–0.4
–3.69
–2.38
–3.04

–0.74

–3.15
–4.77
NA
–1.04
–1.83

–4.11

–1.46

NA
NA
NA

NA
–0.94
–0.68

–0.28
–0.76
–0.54
–0.69
NA

% Deforestation
Net area
loss/gain Net rate Gross rate

Mining

Urbanization
Shifting cultivation
Logging, encroachment for
agriculture, dams,
infrastructure development,
expansion of settlements
Mining, logging, encroachment
for agriculture, shifting
cultivation, dams

Logging, encroachment for
agriculture
Logging, dams, encroachment
of agriculture and settlements,
infrastructure development

–

Logging, encroachment
for agriculture, tsunami

Expansion of agriculture
Encroachment for
aquaculture, agriculture

Anthropogenic activities by
local villagers

Major drivers
identified

62

36

59
60
61

26

58

57

53

56
54

52

Reference
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Himalaya
A net deforestation rate of –0.54 has been recorded in the
Indian Himalaya during 1970 to 2000 (ref. 41). This
study hypothesized that the ongoing anthropogenic forest
conversion could be aggravated by global warming.
Another study by Munsi et al.42 in Pithorgarh district,
Uttarakhand, found a net deforestation rate of –0.13 and a
gross deforestation rate of –0.52 over a period of 30 years
(1976–2006). The study showed that the area under open
forest has increased due to degradation of evergreen
dense forests and concluded that with increasing human
activities, the deforestation rate has increased over the
years. Net deforestation rate of –0.48 was estimated for
Kuchgad micro-watershed in Almora district, Uttarakhand from 1967 to 1997 (ref. 43). The study observed
agricultural expansion along with over-exploitation of
broad leaved forests for economic purposes as a cause of
deforestation in that area. A study in Dudhganga range of
Jammu and Kashmir reported a net rate of –0.69 and a
gross rate of –0.96 within a period of 10 years from 1994
to 2004 (ref. 44). Areas with major open forest cover
were observed to have been converted to blank areas,
whereas significant change of very dense forests to moderately dense forests was also seen, the transition having
been attributed to human intervention.

The North East region
A time series analysis of satellite imagery of 1994 to
2001 was carried out in Sonitpur district, Assam, which
highlights extensive deforestation in the moist deciduous
and other forest areas45. The drivers which lead to largescale deforestation are insurgency problem, encroachment and the increasing human and livestock population.
The net deforestation rate was found to be as high as
–4.82. The area analysis shows that 97,875 sq. km (40%)
of the forest in NE India falls in the dynamic areas where
rapid forest cover changes have been taking place since
1972. The analysis reported that overall dynamic areas
are highest in Tripura (56%), Meghalaya (54%), Mizoram
(48%), Nagaland (52%), Manipur (38%) and Assam
(33%). Overall, the net deforestation rate in NE India was
found to be slightly positive, i.e. 0.02 from 1989–1999
due to regrowth of vegetation in abandoned shifting cultivation areas and protection measures. Major causes of
deforestation in Meghalaya are attributed to extensive
mining, shifting cultivation and permanent agriculture. In
Tripura and Nagaland, uncontrolled exploitation of forests, extensive cutting of bamboo and conversion of forests to permanent agriculture are the main threats for
forests27. Arunachal Pradesh, compared to all other North
East states, is maintaining more forest cover due to complexity of the terrain and inaccessibility by humans in interior areas of forests27. A very high net deforestation rate
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of –5.29 was reported in parts of North Tripura district,
which is the deforestation hotspot in the whole of Barak
basin. The altered pattern of land use, particularly increasing shifting cultivation was identified as the cause of
forest cover change46.

The Western Ghats
Ramesh et al.47 have found the rate of net deforestation in
Agasthyamalai region, Western Ghats between 1920 and
1960 to be –0.19 and concluded that several areas of high
biodiversity value were not included in the PA network.
The authors have observed that the peripheral areas are
more threatened by human impact and if this continues,
the whole PA network would be threatened in the long
run. Menon and Bawa15 estimated the rate of deforestation in the Western Ghats to be 0.57% annually during
the period 1920–90. A study on changes in forest cover
between 1973 and 1995 in the southern part of the Western Ghats was carried out using satellite data that showed
rate of net deforestation as –1.34 over 22 years48. The
authors have accounted for the decrease in forest area due
to the increase in spatial extent of plantations and agricultural fields. They have also noted that the most rapid
change has occurred in Kerala due to its high population
density. Studies in Kerala indicate the loss of forest
between 1961 and 1988 to be 8.4%, at an average annual
rate of 0.28% (ref. 49). During 1960–90, forest loss was
found to be 9.9% in the same area, with an annual deforestation rate as 0.33% (ref. 50). Joseph et al.51 have reported net rate of deforestation as 0.04% in the Indira
Gandhi Wildlife Sanctuary, Anamalais during 1973–
2006, which is the minimum rate in the Western Ghats.
Panigrahy et al.52 analysed the pattern of change in forest
cover and calculated the net rate of deforestation as –0.15
and that of gross deforestation as –0.37 in the northern
Western Ghats of Maharashtra. They reported that the
degradation of forest cover is due to the increase in population pressure for forest resources and also due to disasters like forest fires.

Coasts and islands
Assessment of forest cover loss was carried out in the
North Andaman Islands, Andaman which revealed the net
rate of deforestation as –0.34 from 1978 to 2005; the forest change being primarily due to the prevailing anthropogenic pressure and also due to natural disturbances to
some extent53. A net rate of –0.16 and a gross rate of
–0.94 of deforestation was estimated for the mangroves
of Godavari delta, Andhra Pradesh for a period of 28
years from 1977 to 2005. The loss of mangroves was
attributed to encroachment by agriculture, aquaculture
and coastal erosion54. The study in Bhitarkanika Wildlife
Sanctuary, Odisha, has shown net rate of deforestation
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Figure 2. Declining trend of annual rate of net deforestation in
Odisha (source: Reddy et al.36).

to be –0.29 and gross rate to be –0.54 for the mangroves
during 1973–2004, the reason for deforestation being the
anthropogenic activities by local villagers. There was an
increased rate of net deforestation during 1973–88 and
1988–2004 (ref. 55). A rate of afforestation, i.e. 0.18 was
found for a study in Balasore, Odisha, whereas the gross
deforestation rate for the same study was found to be
–0.69, within a period of 31 years from 1973 to 2004
(ref. 56). In contrast to most other tropical forests, dry
evergreen forests of Point Calimere sanctuary, Tamil
Nadu showed positive changes in forest cover, i.e. afforestation rate of 0.19 for a period of 19 years from 1991 to
2010 (ref. 57).

Deccan Peninsula
Forest cover change analysis carried out in Pranahita
Wildlife Sanctuary, Andhra Pradesh for 11 years from
1993 to 2004 showed net and gross deforestation rates
to be –0.28 and –1.46 respectively ascribing this loss to
illegal logging and expansion of agricultural fields58..
Reddy et al.26 have recorded the net rate of deforestation
as –3.2 and –4.11 as gross rate of deforestation in
Nawarangpur district, Odisha during 1973–2004. The
main causes of forest change were identified as encroachment for agriculture and settlements, illegal logging,
dams, infrastructure development, etc. A study focusing
on the monitoring of deforestation in Ranchi, Jharkhand
was carried out. It was found that from 1996 to 2008, net
rate of deforestation was –0.95 due to urbanization59. A
study for a period of 18 years from 1988 to 2006 showed
a net deforestation rate of –0.81 and a gross deforestation
rate of –1.04 in R.V. Nagar range, Visakhapatnam,
Andhra Pradesh60. Anthropogenic activities, mainly shifting cultivation and expansion of agricultural fields, were
identified as drivers of forest change in that area. Dyna1498

mics of tropical forest cover assessment revealed the net
rate of deforestation as –1.83 from 1973 to 2004 in
Malkangiri district, Odisha61. The authors reported that
various factors with varying intensities like over-grazing,
illegal encroachments, unsustainable practices, forest
fires, shifting cultivation and indiscriminate logging were
responsible for the ongoing deforestation and advocated
an urgent need for rational management of the remaining
forest for its future survival. A study on the historical
forest cover change over a period of 75 years (1935–
2010) was carried out in Odisha, which brought out the
spatio-temporal changes in forests and spatial variation in
forest types. The net rate of deforestation was –0.69 and
gross rate was –0.74 during 1935–2010. The trend of
deforestation observed in the long-term forest cover
change in Odisha is shown in Figure 2. It can be seen that
the net rate remains almost same (–0.9) between 1975
and 1985, while it decreased to –0.37 for the period
1985–95 and further to –0.15 for 1995–2010. In the
context of forest type, large-scale deforestation of dry
deciduous forest was observed36. The gross rate for the
period 1935–75 was –0.92 and –0.92 respectively; for
1975–85 it was –0.93 and –1.15 respectively; for 1985–
1995 it was –0.37 and –0.40 respectively and for the
period of 1995–2010 it was 0.15 and –0.40 respectively.
Land-use change analysis was carried out in Singrauli
district, Madhya Pradesh from 1978 to 2010, highlighting
the severity of mining as a forest change driver. The net
and gross rates of deforestation were –1.63 and –3.04
respectively62.
The analysis of different cases confirm continued
destruction and degradation of forests in spite of afforestation measures and protection. The deforestation hotspots are found in southern Odisha, Sonitpur in Assam
and North Tripura. From the above analysis, it can be
concluded that the overall net rate of deforestation in the
Himalaya ranges from –0.13 to –0.69; in the North East
region from 0.90 to –5.29; in the Western Ghats from to
–0.04 to –1.34; in the coasts and islands from –0.16 to
–0.34 and in the Deccan Peninsula from 0.19 to –3.2.
Analysis of the trend of net rate in deforestation studies
of Pithoragarh district, Uttarakhand (Figure 2) showed a
decline in the net rate from –0.15 to –0.01 during 1976–
90 and 1990–99, whereas a steep rise to –0.25 is seen
during 1999–2006. The gross rate of deforestation for the
same study, however, showed a gradual increase from
–0.24 in 1976–99 and –0.37 in 1990–99 to a considerable
increase of –0.93 in 1999–2006.

Conclusions and recommendations
Understanding of deforestation rates in various parts of
India is far from complete due to selective studies across
the country. However, the present review provides an
apparent representation of the ongoing gross deforestaCURRENT SCIENCE, VOL. 105, NO. 11, 10 DECEMBER 2013
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tion. The prime drivers of deforestation can be considered
as shifting cultivation along with increasing demand for
agricultural land, mining, quarrying, expansion of settlements, urbanization, dam construction, illegal logging,
infrastructure development, forest fire and over-grazing.
The spatial resolution is of interest because forest systems are sensitive to varying resolutions which are used
to study ecological processes at different scales. Much
research on forest cover change has been carried out
using coarse spatial resolution imagery on 1 : 1 M scale.
The coarse-scale mapping of forest extent is difficult because each pixel may represent two or more land-cover
classes. Some studies have shown that the extent of forest
cover may be underestimated because of this problem,
while other image classifications tend to overestimate
forest extent63. Visual corrections have a large impact on
the results of automated land-cover classification and the
final reviewed results for the tropics indicated that about
20% of the forest patch labels were improved63,64. The
visual refinement had a notable effect on estimates of
forest area change for Southeast Asia, where the net rate
of change in forest cover loss from 1990 to 2000 was assessed at 0.9% before and 1.6% after visual control65. The
areas mapped as forests may be under degradation process, invisible from observations of IRS LISS III and
Landsat satellite imagery. In this context, forest cover information at very high spatial resolution and scales is required to assess the impacts of forest cover change and
degradation65. The integration of both visible and invisible forest degradation based on very high resolution satellite data and field observations is necessary for effective
conservation strategies. Consistency in definitions, and
new methodologies and techniques for quantifying forest
cover at global to regional level are likely to be a challenging area of research. A new national action plan is
strongly recommended in the areas where large-scale deforestation and forest degradation have affected majority
of forests, especially in NE India, parts of the Eastern
Ghats and islands.
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