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Protected areas need to be monitored regularly to realize the effectiveness of conservation meas-
ures. In this study, Agasthyamalai Biosphere Reserve of Western Ghats has been monitored for  
deforestation in a historic time frame. The study attempted to identify the changes that occurred 
within the Biosphere Reserve from the early 1920s to the recent by mapping the land use/land cover 
and quantifying the forest cover changes that have occurred in the Biosphere Reserve individually 
for each conservation zone and protected area. Multi-temporal satellite datasets and topographical 
maps were used for mapping the forest cover of the study area. Visual interpretation technique  
involving on screen digitization was used for mapping and post-classification comparison method 
was used for carrying out change detection process. In addition, grid wise spatial tracking was car-
ried out for the periods of 1920–1973 and 1973–2012 to prioritize change areas. Results showed 
that 747.1 km2 of forests have been lost during the period of 1920–2012. The present study  
demonstrates the importance of long-term land use/land cover information to examine conservation 
effectiveness by utilizing remote sensing and GIS techniques to carry out best management prac-
tices. 
 
Keywords: Conservation, deforestation, land use/land cover, long-term study, protected area. 
 
LAND use and land cover changes affect the functioning 
of ecosystems and contribute significantly to global 
warming in turn, affecting biodiversity1. Therefore, un-
derstanding the dynamics through monitoring of land use 
and land cover changes is central to global environmental 
and biodiversity research2. The cause–effect relationship 
among various interacting variables of the environment 
can only be understood through a systematic analysis of 
forest dynamics that play a vital role in charting policies 
for sustainable management of forest resources3. Assess-
ment and monitoring of land use/land cover changes is an 
important surrogate for evaluating conservation effec-
tiveness especially in a protected area. At present, the  
efforts towards measuring conservation effectiveness 
worldwide have increased to a considerable extent. How-
ever, the true effectives of conservation actions lack  
improvement and remain doubtful4. There is a need for 
more systematic planning in conservation approaches to 

address issues specifically in areas of high conservation 
values5 where many species face extinction given the cur-
rent rate of habitat loss, fragmentation and degradation6. 
 Conservation effectiveness may be defined as the suc-
cess of a certain set of goals or targets directed towards 
conservation. Assessment of conservation effectiveness 
refers to evaluation of the present conservation efforts 
and management practices in an area of interest. An eco-
system or protected area can be considered conserved 
when all the key ecological attributes are maintained or 
restored within a range of variation over space and time4. 
The evaluation of conservation effectiveness requires 
long-term monitoring programmes that provide data for 
assessment of the past and existing environmental poli-
cies and other resource management activities7,8. 
 FAO has reported a global loss of 16 M ha in forest  
resources between 2000 and 2010 whereas 13 M ha of 
forest area loss was noted between 1990 and 2000 (ref. 
9). Many studies that have intricately linked human inter-
ventions with ecosystem changes conclude that a com-
prehensive analysis of land use history and long-term 
vegetation data are pivotal in assessing the present day 
landscape scenario10. As forest cover estimates derived 
from global and national databases do not represent the 
actuality and differ in methodologies, definitions and  
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inventory dates11 long-term research on a regional scale 
becomes crucial to monitor changes in forest ecosys-
tems12 to examine conservation effectiveness. 
 Lack of adequate advancement in the field of remote 
sensing and GIS had deterred the examination of actual 
extent of forests much until the recent decade. At present, 
remote sensing technology is the primary requirement for 
the assessment of forest cover facilitated through multi-
temporal and multi-resolution satellite data, automated 
methods and high level of human expertise through which 
considerable accuracy has been achieved13. Remote sens-
ing has immense potential to support protected areas 
monitoring from regional to global scales14. This techno-
logy is equally helpful in establishing and managing pro-
tected areas, and can contribute to prioritization of 
conservation actions. Remote sensing change detection 
can be used to distinguish areas that have been altered by 
natural or anthropogenic processes to quantify the magni-
tude and understand the pattern of changes; this in turn 
provides a direction for protected areas management at 
the landscape level15. Optimal use of multi-temporal  
datasets to derive maximum amount of information has 
the potential to identify change locations more efficiently 
and accurately16. Hence, the determination of spatial 
changes in forest area through historical times is of  
utmost importance for natural resource managers for  
conservation and management implications3. Long-term 
change detection also provides insight into the drivers of 
change, allowing management strategies to be targeted 
towards specific causes rather than just the symptoms of 
the causes17. Therefore, a combination of remote sensing 
and GIS techniques with ground surveys is imperative for 
monitoring and management of the critical areas for accu-
rate assessment of conservation effectiveness18. 
 Few studies in India have examined long-term forest 
cover changes using remote sensing data. Forest loss and 
land use changes (from 1900 to 1960) have been assessed 
to perform biodiversity gap analysis19, remotely sensed 
data have been used for state-wide spatiotemporal 
changes in forest cover (from 1924 to 2010) and variation 
in forest type in Odisha, India20, historical forest cover 
changes (1920–2012) have been undertaken in Nilgiri  
Biosphere Reserve, Western Ghats, India using grid-wise 
method21 and assessment and monitoring of deforestation 
in Andhra Pradesh from 1930 to 2011 have been car-
ried22. Although a number of studies have quantified and 
documented forest cover changes in different parts of 
Western Ghats23–25, comprehensive information is available 
only for the part of the landscape before it was declared 
Agasthyamalai Biosphere Reserve (ABR). Hence, the 
present study was carried out with the aim to monitor 
ABR by mapping the land use/land cover in a time frame 
that begins from the early 1920s to the recent 2012 with 
the help of topographic maps and satellite images to test 
the conservation effectiveness in that area. In addition to 
this, changes that have occurred in the core, buffer and 

transition zones and the four protected areas in the Bio-
sphere Reserve were assessed through change detection 
technique, spatial tracking by grid wise analysis and  
deforestation rate dynamics. 

Materials and methods 

Study area 

The study area ‘ABR’ lying in the southern most ends of 
the Western Ghats, is a world biodiversity hotspot and a 
world heritage site. ABR falls under Tirunelveli and 
Kanyakumari districts of Tamil Nadu and Thiruvanan-
thapuram and Kollam districts of Kerala in the coordi-
nates of 8°5′ to 13°00′N and 77°52′ to 77°34′E. Figure 1 
shows the location of the study area. This Biosphere Re-
serve was designated on 12 November 2001 for the Ker-
ala State and later the boundaries were expanded to Tamil 
Nadu on 4 August 2005 (ref. 26). Biosphere Reserves are 
demarcated into three inter-related zones, viz. the core 
zone, the buffer zone and the transition zone, where ac-
tivities of biodiversity conservation and sustainable man-
agement can take place simultaneously. The core zone is 
the undisturbed zone of a Biosphere Reserve that has 
been accorded with legal protection by Wildlife Protec-
tion Act (1972) to safeguard it against human interven-
tions except, research and management activities. Buffer 
zone circumvallates the core zone in which certain resto-
ration activities along with recreation, tourism, fishing 
and grazing are permitted. The outermost part of a Bio-
sphere Reserve is called the transition zone where con-
servation efforts, knowledge and management efforts are 
applied and includes human settlements, crop lands, man-
aged forests and demarcated regions for intensive recrea-
tion, and other economic activities27. ABR covers an area 
of 3500.36 km2 with a core zone of 1135 km2, buffer 
zones covering 1445 km2 and transition zones covering 
920.36 km2 (ref. 26). It includes three wildlife sanctuar-
ies – Shendurney, Peppara, Neyyar and one Tiger  
reserve – Kalakad Mundanthurai (KMTR)26. The eleva-
tion level within the Biosphere Reserve ranges from 100 
to 2000 m. The precipitation in the windward side of the 
study area is between 2000 and 5000 mm whereas in the 
leeward side the precipitation plummets from 2000 to 
900 mm. The mean temperature of the coldest month lies 
within the range 13.5°C and 23°C on the western side and 
within 16°C and 23°C in the east19,28. 
 The ABR harbours very rich species diversity with 
2000 flowering plant species showing 7.5% endemism29. 
An estimated 1500 endemic plant species are found in the 
Western Ghats of which at least 150 are found in the 
Agasthyamalai region itself30–32. Abundance of Glutatra-
vancorica, an endemic plant species of the Agasthya-
malai region, can be found here and in addition to these, 
600 medicinal plants occur in this area. Two highly
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Figure 1. Location map of Agasthyamalai Biosphere Reserve. 
 
endangered animal species – the Lion-tailed macaque and 
the Nilgiri Tahr can be found in the Biosphere Reserve. 
The reserve also demonstrates a rich diversity of avifaunal 
wealth with 337 species of birds reported including  
migratory, endemic and endangered species26. 

Data collection and analysis 

Satellite data pertaining to distinct time windows need to 
be used to account for phenological variations in forest 

ecosystems and delineate different vegetation types in a 
study area. Remote sensing data from six different time 
periods pertaining to a total of eight satellite scenes were 
utilized for this study. Resourcesat-2 LISS–III, Indian 
Remote Satellite (IRS) P6 LISS III and IRS 1B LISS II 
scenes were procured from the National Remote Sensing 
Centre Data Centre. Ortho-rectified Landsat MSS (Multi 
Spectral Scanner), Landsat TM (Thematic Mapper) and 
Landsat Enhanced Thematic Mapper (ETM+) datasets 
were downloaded from Global Land Cover Facility web-
site33. Topographical maps of 1 : 250,000 scale prepared
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Table 1. Details of satellite data used 

  Date of acquisition/ 
Satellite sensor/toposheet number Path/row survey period Spatial resolution (m) 
 

Resourcesat-2 LISS III 101/68 25 March 2012 23.5 
Resourcesat-2 LISS III 100/67 25 February 2012 23.5 
Resourcesat-2 LISS III 100/68 25 February 2012 23.5 
IRS P6 LISS III 101/68 2 April 2006 23.5 
Landsat ETM+ 143/54 9 April 2001 30 
Landsat TM 143/54 11 March 1992 30 
Landsat MSS 143/54 10 December 1985 60 
Landsat MSS 154/54 9 February 1973 60 
NC43_12 – 1919–25 – 
NC43_16 – 1920–24 – 
 
Ancillary data 
 IRS P6 LISS III 100/68 13 February 2005 23.5 
 IRS 1B LISS II 25/62 7 February 1995 36.2 

 
 
by Army Map Service, U.S. Army, Washington were 
used to obtain data for the year 1920 (ref. 34). The details 
of the data used are given in Table 1. 
 Orthorectified satellite data (Landsat ETM+) with 
UTM projection and WGS 84 datum was used as master 
reference33 to carry out geometric corrections for the rest 
of the satellite images to correct errors of perspective due 
to the Earth’s curvature and sensor motion. This allows 
us to accurately assess spatial data and measure them 
from the satellite imagery. Additionally, Top of Atmos-
pheric Correction was applied for radiometric normaliza-
tion of multi-temporal data. The accurate boundary of the 
Biosphere Reserve was obtained from the Compendium 
on Indian Biosphere Reserves and the India Biodiversity 
portal26,35. By using that boundary, a subset of the study 
area was made and extracted from all the satellite scenes. 
Initially, major vegetation types were recorded from the 
satellite imageries (FCCs) by their characteristic features, 
and thereafter, put to intensive study of its tone, texture, 
pattern and associated features. An image interpretation 
key for forest and other land use mapping is given in  
Table 2. Visual image interpretation technique was used 
for image classification using ERDAS IMAGINE 2013 
software. Visual image interpretation allows identifica-
tion and classification of objects visually from either, the 
hard copy photographic prints or on-screen digitization 
using digital image. There are certain fundamental pho-
to/image characteristics that help in interpretation of earth 
features, viz. tone, texture, pattern, size, shape and sha-
dow coupled with site/location and associated features. 
Most of these image characteristics depend on the spec-
tral, spatial, temporal and radiometric resolution of the 
sensor and the ability of an imaging system to record  
finer details in a distinguishable manner. The output of 
the visual interpretation (in vector format) was then con-
verted to a raster format for each dataset by resampling 
them to 30 m resolution to normalize the data for calcula-
tion of area statistics. 

 Subsequently, the study area was visited through 2012–
2014 and each of the vegetation types in view was cov-
ered for collecting ground truth information. Stratified 
random sampling methodology was used for collection of 
ground points. A total of 100 ground control points were 
collected with the help of forest department staff. The 
number of ground control points collected for forests was 
25, scrub 8, plantations 18, grasslands 7, water 5, barren 
land 6 and settlement 11. Survey of published literature 
and interviews with forest officers and education/local  
institutions were carried out to enhance capability of  
understanding the unique vegetation types more precisely. 
Correspondingly, accuracy assessment was done by  
dividing the number of points found correctly on the clas-
sified image to that of total number of points checked in 
the field multiplied by hundred using error matrix. This 
generated the total accuracy and kappa co-efficient of the 
classified output in percentage. 
 Change detection is a technique that operates on  
remotely sensed data based on their radiance values, 
whose differences can then be analysed for changes with 
time. The change information was extracted by compar-
ing two or more images of the study area that were  
acquired at different times. The land use/land cover maps 
of 1973, 1985, 1992, 2001, 2006 and 2012 in their raster 
formats were used as inputs for carrying out change  
detection in the study area. A combination of direct time 
period 1 (T1) and time period 2 (T2) change detection as 
well as post-classification comparison through matrix 
were employed for assessing changes in ABR for the 
years 1920 to 1973 and 1973 to 2012. Post-classification 
comparison method requires rectification and classifica-
tion of each remotely sensed image after which the two 
maps are compared on a pixel-by-pixel basis using a 
change detection matrix available in ERDAS IMAGINE. 
Change areas are those that are not classified within the 
same category at progressive time periods. The advantage 
of this method includes the detailed from–to information
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Table 2. Image interpretation key for vegetation and other land cover mapping 

Land use/land 
cover class Image chip Tone Texture Shape Pattern Description 
 

Evergreen forest  Dark red  Coarse Varying Rough Forest remains evergreen  
        throughout the year,  
        high altitude forests;  
        form a multilayered pattern 
 

Semi-Evergreen forest  Light red Medium Varying Rough Transitional forests between  
       evergreen and moist  
        deciduous forests 
 
 
Moist Deciduous forest  Bright red Medium Varying Rough Upper canopy of  
   to brown     leaf-shedding moist  
   tinged red     deciduous species, middle  
        canopy of semi-evergreen species 
 

Dry Deciduous forest  Greenish Medium Varying Rough Canopy is represented  
   to red     by deciduous species, entirely  
        leafless in summer season 
 
 
Dry Evergreen forest  Slightly dark Medium Varying Rough Trees evergreen with short 
  to light     boles and spreading crowns 
   reddish brown/ 
   green 
 

Shola  Dark red Rough Scattered Rough Evergreen forests found  
        in between grasslands of high 
        altitude 
 
 

Scrub  Light red Coarse Varying Rough Bushy vegetation  
        with shrubs or scattered  
        trees/shrubs with exposed  
        ground surface  
 
Reed brakes  Bright red Smooth Varying Smooth Gregarious bamboo or  
        Ochlandra brakes 
 
 
 

Plantations  Red Smooth Regular Grouped Cultivated crop for  
        commercial purpose 
 
 
 

Grasslands  Greyish to Smooth Irregular Scattered Grass predominating areas 
   brown 
 
 
 
 

Agriculture   Pinkish or Smooth Regular Smooth Crops/current fallow lands 
   light green 
   or light blue 
 
 

Water  Blue or Smooth Irregular Scattered Rivers and reservoirs 
   black 
 
 

Barren land  Greyish/ Fine Irregular/ Smooth Sparse vegetation  
   whitish  regular   cover; in case of sand  
        generally along streams and  
        dried up river beds 
 
 

Settlement  Cyan Smooth Regular Scattered Human inhabited areas 
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Table 3. Land use/land cover information of ABR from 1920 to 2012 (area in km2) 

  Year 
 

Class 1920 1973 1985 1992 2001 2006 2012 
 

Forest 3079.5 2332.4 2322.2 2316.8 2291.3 2291.3 2291.3 
Plantation 35.1 506.8 495.2 495.2 494.6 494.6 494.5 
Water 23.2 100.4 105.4 111.0 122.5 127.8 121.5 
Other land use 1010.6 1208.6 1225.4 1225.1 1239.9 1234.5 1240.9 

Total 4148.4 4148.2 4148.2 4148.2 4148.2 4148.2 4148.2 

 
 
that can be extracted and the fact that the classified map 
for the next base year is already complete36. This exercise 
yielded change maps for the study period that showed  
areas of considerable changes intended for further analysis. 
A gridwise analysis of forest change was also carried out by 
generating grids of size 1 km × 1 km for the years 1920–
1973 and 1973–2012. For this, forest cover information of 
each year was spatially expressed in the form of grids after 
which the changes were calculated. This aided in the proc-
ess of spatial tracking of changes on a priority basis. 
 Further, an overlay analysis was carried out to quantify 
primary and secondary forests. CBD defines primary  
forest as ‘a forest that has never been logged and has  
developed following natural disturbances and under natu-
ral processes, regardless of its age’ and secondary forest 
as ‘a forest that has been logged and has recovered natu-
rally or artificially’37. Overlay analysis was carried out by 
stacking classified forest cover maps of various study pe-
riods using the model maker tool in ERDAS IMAGINE. 
This revealed areas of primary forest that have been per-
sistent since the early 1920s and the ones that have been 
recently regenerated. Deforestation rates for the core, 
buffer and transition zones and also for the four protected 
areas, viz. Neyyar, Peppara, Shendurany wildlife sanctu-
aries and KMTR in the Biosphere Reserve were calcu-
lated. Deforestation rates were derived from the 
compound interest formula due to its explicit biological 
significance38. The formula is as follows 
 

 2

2 1 1

1 × ln ,
( )

a
r

t t a
=

−
 

 
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. The final maps were composed in 
ARC GIS 10.2 software. 

Results 

Forest cover 

The land use/land cover information for the major classes 
across ABR for all the years studied are given in Table 3. 
It can be seen that the total forest cover of the Biosphere 

Reserve has decreased from 3079.5 km2 in the year 1920 to 
2291.3 km2 in 2012. A drastic increase in the area of planta-
tion (from a mere 35.1 km2 to 506.8 km2) is evident. The 
areal extent of water is rather dynamic that it witnessed a 
sharp rise from 1920 to 1973 and thereafter, varied season-
ally. The area of other land uses through 1920 to 2012 
can also be seen to have increased gradually. 

Vegetation types and land use: 2012 

The area of each land use/land cover class present in the 
2012 land cover map is shown in Table 4. A total of six 
different forest types were identified during the process 
of mapping and subsequent field visits consisting of both 
tropical moist and tropical dry forests. These vegetation 
types39 were identified as tropical evergreen forest and 
sholas, tropical semi-evergreen forest, tropical moist  
deciduous forest, tropical dry deciduous forest and tropi-
cal dry evergreen forest. 
 Forests covered 51.5% of the study area in 2012 (Table 
4), with moist deciduous forests occupying the greatest 
forest area (812.6 km2), and shola forests the least 
(5.03 km2). Within the non-forest class, agriculture is 
spread across a vast area of 813.9 km2 and plantations  
occupy the second largest extent of 494.5 km2. Other im-
portant classes worth mentioning are reed brakes cover-
ing 111.6 km2, scrub 145.2 km2, water (mostly consisting 
dams/reservoirs) 121.5 km2 and grasslands 87.9 km2 in 
the study area. Figure 2a shows the land use/land cover 
maps of all the years studied. The land use/land cover  
information for the year 2012 is illustrated in Figure 2 b. 
The overall mapping accuracy of the current map is esti-
mated to stand at 92%. 

Conversion of forests and change area matrix 

Tables 5 and 6 show the change from forest to other land 
use and vice versa studied in ABR for the periods 1920–
1973 and 1973–2012 respectively. A huge amount of for-
est area (309.6 km2) had been converted to other land use 
from 1925 to 1973. Also, as much as 414.6 km2 of forest 
area was converted to plantations and 28.5 km2 to water 
within the same time period. Similarly, during the period 
of 1973–2012, 27.3 km2 of forests were converted to
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Figure 2. a, Maps showing land use/land cover classes of ABR. b, Map showing land use/land cover classes of ABR, 2012. 
 
 
 
reed brakes and 10.7 km2 to water. The change area maps 
for the year 1920–1973 and 1973–2012 are shown in  
Figure 3 a and b respectively. 

Grid wise analysis 

The grid map of 1920–1973 (Figure 3 c) shows that as 
many as 522 grids underwent negative change in the 
range 0.61–1 km2 and 875 grids in the range of 0.11–
0.61 km2. 1491 grids evidenced no change and a low 
number of grids (6) went through a positive change in the 
range 0.21–0.65 km2. The grid map of 1973–2012 (Figure 
3 d) shows the highest number of grids (111) having  
experienced negative change in the range 0.11–0.61 km2. 
Positive change was negligible and grids with no change 
were 2733. 

 Overlay analysis revealed that as much as 2284.9 km2 
of forests in the Biosphere Reserve are primary old 
growth forests and only 5.9 km2 are secondary forests. 

Rate of deforestation 

Figure 4 presents the trend of deforestation throughout 
the historical periods studied (1920–1973, 1973–1985, 
1985–1992, 1992–2001, 2001–2006 and 2006–2012) in 
the zones of ABR. The trend line clearly shows the gra-
dual decline of deforestation rates from the period of 
1925–1973 to 1985–1992 in all the zones. During the  
period of 1992–2001, there was only a slight rise in the 
deforestation rate that can be attributed to the massive  
invasion of reed brakes encroaching upon the open and 
degraded habitat of natural forest cover (Figure 5 a).  
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After 1992–2001 period, the rate decreased again, and  
after 2001, finally became stable. In Neyyar sanctuary, 
the deforestation rates were found to be high during 1920–
1973 and in Peppara sanctuary and Shendurney sanctuary, 
the deforestation rates were estimated to be –0.38% and  
–0.32% respectively during the 1973–1985 period due to 
establishment of their respective dams adjoining the sanc-
tuaries (Figure 5 b and c)40. The details of deforestation 
rates from 1920 to 2012 for each year in the protected  
areas of ABR are given in Table 7. 

Discussion 

The Western Ghats region like any other protected area 
has been studied by various researchers from different 
perspectives. However, long-term forest cover monitoring 
and assessment had been taken up by only one study for 
the Agasthyamalai region in the past19. To fill this gap 
and to test the true conservation effectiveness in the pro-
tected area, a recent update for the land use/land cover 
was highly imperative which has been covered in the pre-
sent study. In a study involving analyses of the gross and 
net deforestation rates in India, Reddy et al.40 have sum-
marized the deforestation rates studied by various authors 
in the Western Ghats. In a forest cover dynamics analysis 
carried out in the Agasthyamalai region, a total of 47 km2 
of forest was found to have been lost accounting to a de-
forestation rate of –0.07% during the 40-year period of 
1920–1960 (ref. 19). According to our study in ABR, 
 
 
Table 4. Area statistics and percentage of land use/land cover classes  
 of ABR, 2012 

Class Area (km2) Percentage of area 
 

Tropical moist forests 
 Evergreen forest 540.7 13.0 
 Semi Evergreen forest 778.7 18.8 
 Moist Deciduous forest 812.6 19.6 
 Shola 5.0 0.1 
 Sub-total 2137.0 51.5 
 
Tropical dry forests   
 Dry Deciduous forest 116.4 2.8 
 Dry Evergreen forest 37.9 0.9 
 Sub-total 154.3 3.7 
 
Total (forest) 2291.3 55.2 
 Scrub 145.2 3.5 
 Reed brakes 111.6 2.7 
 Plantations 494.5 11.9 
 Grasslands 87.9 2.1 
 Agriculture 813.9 19.6 
 Water 121.5 2.9 
 Barren land 15.3 0.4 
 Settlement 66.9 1.6 
 Sub-total (other land use)  1856.9 44.8 

 Grand total 4148.2 100.0 

the rate of deforestation in the contemporary period was 
found to be –0.52% (1920–1973), which is much higher 
and can be attributed to conversion of forests to planta-
tions and reed brakes. Also a deforestation rate of –1.34% 
was recorded in the southern part of the Western Ghats 
from 1973 to 1995 (ref. 24). But the calculation of defor-
estation rate for the period of 1973–1992 in our study 
yielded the same to be lower (–0.04%). The deforestation 
rates were found to be high (–0.51%) between 1920 and 
1990 and forests being transformed into agriculture and 
monoculture plantations in a similar study23. In agree-
ment to the above, our study within the 1920–1992 period 
showed a similar deforestation rate of –0.40%. The driv-
ers of change for the above studies have been identified 
as human interventions through expansion of plantations 
and population pressure. In a long-term assessment study 
in the Nilgiri Biosphere Reserve21, deforestation rate 
from 1920 to 2012 was found to be –0.3; forest being lost 
due to conversion into agriculture, plantations as well as 
submergence due to dam constructions. Also, this study 
addressed the issue of conservation effectiveness, found 
to be lacking in earlier studies. Sheeja et al.25 in their 
land cover assessment over a century (1914–2007) of the 
Neyyar Basin, part of Agasthyamalai region have  
observed most notable changes as decrease in areas of 
paddy cultivation, mixed crops, scrub lands and ever-
green forests, and an increase in built-up areas, rubber 
plantations and water bodies. Our study during the period 
of 1920 to 2001 found major decrease in forest cover, 
with considerable changes from the forest to other land 
use, and a gradual increase in the areas of water, planta-
tion and other land use. The rates of deforestation differ 
considerably as these studies were carried out at different 
time periods in various subsets of the entire Western 
Ghats utilizing individual definitions, methodologies and 
sources of data. 
 The primary old growth forests in the Western Ghats 
have existed since the beginning of the 4th millennium 
BP41. The primary forest areas in our study site have been 
converted directly to plantations and reed brakes without 
having gone through the secondary succession stages. As 
a result, the secondary forest areas were found to be  
extremely low as compared to primary forest areas. It is 
 
 
Table 5. Change area matrix for the period 1920–1973 in ABR (area  
 in km2) 

 1973 
 

    Other  
1920 Forest Plantation Water land use Total 
 

Forest 2326.7 414.6 28.5 309.6 3079.3 
Plantation 4.2 26.2 0.2 4.5 35.1 
Water 1.0 0.1 22.1 0.0 23.1 
Other land use 0.3 65.9 49.7 894.6 1010.5 
Total 2332.3 506.8 100.4 1208.6 4148.1 
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Figure 3. Change area map for the period (a) 1920–1973 and (b) 1973–2012 of ABR. Gridwise map for the period (c) 1920–
1973 and (d) 1973–2012 of ABR. 
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Figure 4. Deforestation rates throughout the study period in all the zones of ABR. 

 
 

Figure 5. a, Invasion of reed brakes in parts of KMTR during the period 1992–2001. b, Deforestation due to the establishment of Peppara dam in 
Peppara Wildlife Sanctuary during the period 1973–1985. c, Deforestation due to the establishment of Thenmala dam in Shendurney Wildlife Sanc-
tuary during the period 1973–1985. 
 
possible that there have been degradations within the 
primary forest areas, being converted from dense to open 
forests which have not been covered in this study due to 
absence of density information in the topographic sheets. 
 George and Chattopadhyay42 highlighted four distinct 
phases of deforestation, viz. (1) extensive conversion of 
forestlands to plantations following a Royal Proclamation 
in the late nineteenth century, (2) the ‘Grow More Food’ 
campaign of the mid-1940s when substantial areas of  
forests were opened up for the cultivation of food crops, 

(3) colonization during the 1950s and 1960s which cre-
ated new settlements in the deforested areas and (4) infra-
structure development of the post-independence era 
(1947) during which projects in power, irrigation and 
transportation sectors were set up on forest lands. In the 
pre-independence period, wildlife reserves were created 
to function as game reserves after which in Kerala most 
of the areas surrounding irrigation or hydroelectric reser-
voirs were declared as wildlife sanctuaries. The defores-
tation rates were elevated in Neyyar sanctuary during
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Table 7. Rate of deforestation for all the periods in protected areas of ABR 

Time period (t1) Time period (t2) KMTR Neyyar Peppara Shendurney 
 

1920 1973 –0.26 –0.31 –0.17 –0.24 
1973 1985 0.00 0.00 –0.38 –0.32 
1985 1992 –0.08 0.00 –0.12 0.00 
1992 2001 –0.25 –0.13 –0.44 –0.04 
2001 2006 0.00 0.00 0.00 0.00 
2006 2012 0.00 0.00 0.00 0.00 

 

1920–1973 and in Peppara sanctuary and Shendurney 
sanctuary during 1973–1985. Neyyar Wildlife Sanctuary 
is a part of this long history which was declared as wild-
life sanctuary in 1958 subsequent to the establishment of 
the Neyyar dam in the same year. In an almost similar 
manner, Peppara sanctuary and Shendurney sanctuary 
were declared as wildlife sanctuary in 1983 and 1984 re-
spectively, after the construction of Peppara dam and 
Thenmala dam. The dams were built mainly for providing 
drinking water and for meeting agricultural needs of the 
adjoining sub-urban areas. The sanctuaries being located 
in upstream catchments of the dams were thus rendered 
vulnerable to any future alterations in the landscape43,44. 
The deforestation rates appeared to be decreasing in 
KMTR from the 1920–1973 period to 1985–1992 period 
but again increased during the 1992–2001 period which 
can be attributed to reed brakes invasion. Deforestation 
and degradation as a result of land use/land cover change 
usually create openings in the forests exposing large areas 
which give opportunities for a number of unwanted and 
fast growing species to invade the natural ecosystem  
replacing native flora and gradually establishing them-
selves45. Such is the case with reed brakes, a native bam-
boo species of the Western Ghats, found invading large 
stretches of areas in the study site with potentially serious 
implications in the future. 
 Although a gradual decrease in deforestation rates can 
be observed in all the zones, when individually assessed, 
a steep decline from the 1920 rate to the current year in 
the transition zone can be seen. Also a decrease in the 
same can be seen in the buffer zone. This is due to the es-
tablishment of plantations and settlements in the earlier 
years as transition zone and buffer zone are open for 
management and restoration activities as well as human 
interventions. The core zone, on the other hand, shows a 
hike in deforestation rate for the period 1992–2001 after 
which the rates fall to nil. This indicated that the core 
zone faced threats from invasive species during that  
period but due to strengthening of conservation measures 
after the declaration of the Biosphere Reserve in 2001, 
the encroachment decreased and henceforth deforestation 
ceased. Exploration of the deforestation dynamics in the 
individual protected areas clearly presented the threats 
they were subjected to, before declaration of the sanctu-
ary status. This is in agreement with the forest cover 
mapped through the satellite images and the history of the 
protected areas. The results of the present study aided in 

examination of the status of protection provided to the 
different zones and protected areas of ABR and mani-
fested the importance of long-term land/use land cover 
studies in the context of testing conservation effectiveness, 
proving the Biosphere Reserve effectively conserved. 

Conclusions 

Deforestation through plantation, water and other land 
use and degradation through invasion of reed brakes were 
the major indicators of forest cover change before decla-
ration of the Biosphere Reserve. Assessment of deforesta-
tion rates in the core, buffer and transition zones 
exhibited the dynamics of the landscape and the gradual 
decrease of deforestation rates from 1973 to 2001. The 
year 2001, the year of declaration of Biosphere Reserve, 
proved conservation effective in preventing deforestation. 
This shows that the conservation and management meas-
ures taken up for the Biosphere Reserve are in place. Sys-
tematic geospatial monitoring is essential for assessment 
of forest cover and observation of deforestation rate  
dynamics for conservation of the status of the protected 
area and for management interventions to take place. 
 

1. Lambin, E. F., Geist, H. J. and Lepers, E., Dynamics of land-use 
and land-cover change in tropical regions. Annu. Rev. Environ. 
Resour., 2003, 28, 205–241. 

2. Geist, H. J. and Lambin, E. F., What drives tropical deforestation? 
a meta-analysis of proximate and underlying causes of deforesta-
tion based on subnational case study evidence. LUCC Rep. Ser., 
2001, 4, 116. 

3. Kadioğullari, A. İ., Sayin, M. A., Çelįk, D. A., Borucu, S., Çįl, B. 
and Bulut, S., Analysing land cover changes for understanding of 
forest dynamics using temporal forest management plans. Environ. 
Monit. Assess., 2014, 186, 2089–2110. 

4. Parrish, J. D., Braun, D. P. and Unnasch, R. S., Are we conserving 
what we say we are? Measuring ecological integrity within pro-
tected areas. BioScience, 2003, 53, 851–860. 

5. Das, A., Krishnaswamy, J., Bawa, K. S., Kiran, M. C., Srinivas, 
V., Kumar, N. and Karanth, K. U., Prioritisation of conservation 
areas in the Western Ghats, India. Biol. Conserv., 2006, 133, 16–
31. 

6. Huxel, G. R. and Hastings, A., Habitat loss, fragmentation and 
restoration. Restor. Ecol., 1999, 7, 309–315. 

7. Lovett, G. M. et al., Who needs environmental monitoring? Front. 
Ecol. Environ., 2007, 5, 253–260. 

8. Levine, C. R., Yanai, R. D., Lampman, G. G., Burns, D. A., Dris-
coll, C. T., Lawrence, G. B. and Schoch, N., Evaluating the effi-
ciency of environmental monitoring programs. Ecol. Indic., 2014, 
39, 94–101. 

9. Food and Agriculture Organisation of the United Nations. State of 
the World’s Forests, FAO, Rome, 2010. 



GENERAL ARTICLES 
 

CURRENT SCIENCE, VOL. 110, NO. 4, 25 FEBRUARY 2016 520 

10. Foster, D. R. and Forest, H., Land-use history (1730–1990) and 
vegetation dynamics in central New England, USA. J. Ecol., 1992, 
80, 753–771. 

11. Stibig, H. J., Achard, F., Carboni, S., Raši, R. and Miettinen, J., 
Change in tropical forest cover of Southeast Asia from 1990 to 
2010. Biogeosci. Discuss., 2013, 10, 12625–12653. 

12. Snoo, G. R., Naus, N., Verhulst, J., Ruijven, J. and Schaffers,  
A. P., Long-term changes in plant diversity of grasslands under 
agricultural and conservation management. Appl. Veg. Sci., 2012, 
15, 299–306. 

13. Townshend, J., Hansen, M., Sohlberg, R., Defries, R. and Schlee-
weis, K., Towards a community protocol for validating global 
climate data records representing sub-pixel land cover components 
and changes through time using AVHRR, MODIS and VIIRS. In-
AGU Fall Meeting Abstr., 2005, 1, 8. 

14. Chape, S., Harrison, J., Spalding, M. and Lysenko, I., Measuring 
the extent and effectiveness of protected areas as an indicator for 
meeting global biodiversity targets. Philos. Trans. R. Soc. B, 2005, 
360, 443–455. 

15. Wang, Y., Mitchell, B. R., Marzilli, J. N., Bonynge, G., Zhou, Y. 
and Shriver, G., Remote sensing of land-cover change and land-
scape context of the National Parks: A case study of the Northeast 
Temperate Network. Remote. Sens. Environ., 2009, 113, 1453–1461. 

16. Huang, X. and Friedl, M. A., Distance metric-based forest cover 
change detection using MODIS time series. Int. J. Appl. Earth. 
Obs. Geoinf., 2014, 29, 78–92. 

17. Kennedy, R. E., Townsend, P. A., Gross, J. E., Cohen, W. B., Bol-
stad, P., Wang, Y. Q. and Adams, P., Remote sensing change de-
tection tools for natural resource managers: understanding 
concepts and tradeoffs in the design of landscape monitoring pro-
jects. Remote. Sens. Environ., 2009, 113, 1382–1396. 

18. Wiens, J. et al., Selecting and conserving lands for biodiversity: 
the role of remote sensing. Remote Sens. Environ., 2009, 113, 
1370–1381. 

19. Ramesh, B. R., Menon, S. and Bawa, K. S., A vegetation-based 
approach to biodiversity gap analysis in the Agastyamalai region, 
Western Ghats, India. Ambio, 1997, 26, 529–536. 

20. Reddy, C. S., Jha, C. S. and Dadhwal, V. K., Assessment and 
monitoring of long-term forest cover changes in Odisha, India us-
ing remote sensing and GIS. Environ. Monit. Assess., 2013, 185, 
4399–4415. 

21. Satish, K. V., Saranya, K. R. L., Reddy, C. S., Krishna, P. H., Jha, 
C. S. and Rao, P. P., Geospatial assessment and monitoring of  
historical forest cover changes (1920–2012) in Nilgiri Biosphere 
Reserve, Western Ghats, India. Environ. Monit. Assess., 2014, 
186, 8125–8140. 

22. Hari Krishna, P., Saranya, K. R. L., Reddy, C. S., Jha, C. S. and 
Dadhwal, V. K., Assessment and monitoring of deforestation from 
1930 to 2011 in Andhra Pradesh, India using remote sensing and 
collateral data. Curr. Sci., 2014, 107, 867–875. 

23. Menon, S. and Bawa, K. S., Applications of geographic informa-
tion systems, remote-sensing, and a landscape ecology approach to 
biodiversity conservation in the Western Ghats. Curr. Sci., 1997, 
73, 134–145. 

24. Jha, C. S., Dutt, C. B. S. and Bawa, K. S., Deforestation and land 
use changes in Western Ghats, India. Curr. Sci., 2000, 79, 231–
238. 

25. Sheeja, R. V., Joseph, S., Jaya, D. S. and Baiju, R. S., Land use 
and land cover changes over a century (1914–2007) in the Neyyar 
River Basin, Kerala: a remote sensing and GIS approach. Int.  
J. Digital. Earth., 2011, 4, 258–270. 

26. Palni, L. M. S., Rawal, R. S., Rai, R. K. and Reddy, S. V., Com-
pendium on Indian biosphere reserves – progression during two 
decades of conservation, Ministry of Environment and Forests, 
Government of India, New Delhi and G.B. Pant Institute of Hima-
layan Environment & Development, Uttarakhand, 2012. 

27. Ministry of Environment and Forests, Protection, development, 
maintenance and research in biosphere reserves in India, Guide-
lines and Performance, MOEF, Government of India, New Delhi, 
2007. 

28. Pascal, J. P., Bioclimates of the Western Ghats at 11,250,000  
(2 sheets), French Institute, Pondicherry, India, 1982. 

29. Henry, A. N., Chandrabose, M., Swaminathan, M. S. and Nair, N. 
C., Agasthyamalai and its environs: a potential area for Biosphere 
Reserve. J. Bombay. Nat. Hist. Soc., 1984, 81, 282–290. 

30. MacKinnon, J. and MacKinnon, K., Review of the protected areas 
system in the Indo-Malayan realm. IUCN, Gland, Switzerland, 
1986. 

31. Collins, N. M., Sayer, J. A. and Whitmore, T. C., The Conserva-
tion Atlas of Tropical Forests: Asia and the Pacific, MacMillan 
Press, London, 1991. 

32. Ramesh, B. R. and Pascal, J. P., Distribution of endemic, arbores-
cent evergreen species in the Western Ghats. In Proceedings of the 
symposium on rare endangered and endemic plants of the Western 
Ghats, Kerala Forest Department, Trivandrum, 30–31 August 
1991, pp. 20–29. 

33. http://glcf.umiacs.umd.edu (accessed on 10 January 2013). 
34. http://sunsite/berkeley.edu/EART/India/250k (accessed on 10 June 

2013). 
35. http://indiabiodiversity.org (accessed on 8 February 2013) 
36. Jensen, J. R., Introductory Digital Image Processing – A Remote 

Sensing Perspective, Englewood Cliffs, NJ, 2nd edn, 1996. 
37. http://www.cbd.int/forest/definitions.shtml (accessed on 20 March 

2014). 
38. Puyravaud, J. P., Standardizing the calculation of the annual rate 

of deforestation. For. Ecol. Manage., 2003, 177, 593–596. 
39. Champion, H. G. and Seth, S. K., A Revised Survey of the Forest 

Types of India, Manager of Publications, Government of India, 
1968, p. 404. 

40. Reddy, C. S., Dutta, K. and Jha, C. S., Analysing the gross and net 
deforestation rates in India. Curr. Sci., 2013, 105, 1492–1500. 

41. Chandran, M. S., On the ecological history of the Western Ghats. 
Curr. Sci., 1997, 73, 146–155. 

42. George, P. S. and Chattopadhyay, S., Population and land use in 
Kerala, growing populations, changing landscapes: studies from 
India, China and the United States. Nat. Acad. Sci., 2001, 1, 79–
106. 

43. Ramesh, B. R., Seen, D. L., Karunakaran, P. V., Balasubramanian, 
M. and Sankar, M., Conservation review for rationalization of pro-
tected area network in Kerala. Final report of the consultancy un-
der the Kerala Forestry project funded by the World Bank, French 
Institute of Pondicherry, Pondicherry, 2003, p. 112. 

44. http://www.irrigation.kerala.gov.in (accessed on 1 September 
2014). 

45. Richardson, D. M., Pyšek, P., Rejmánek, M., Barbour, M. G.,  
Panetta, F. D. and West, C. J., Naturalization and invasion of alien 
plants: concepts and definitions. Divers. Distrib., 2000, 6, 93–107. 

 
ACKNOWLEDGEMENTS. We thank Dr V. K. Dadhwal, Director, 
NRSC, Hyderabad for encouragement and facilities.The present work 
has been carried out as a part of MoEF-NNRMS funded project entitled 
‘Inventorisation and monitoring of Biosphere Reserves in India using 
remote sensing and GIS technology’. We are grateful to them for finan-
cial support and also thank Chief Wildlife Wardens and Field Direc-
tors, Agasthyamalai Biosphere Reserve and State Forest departments of 
Kerala and Tamil Nadu for permission and facilities to carry out the 
field work. 
 
Received 5 February 2015; revised accepted 16 November 2015 
 
 
doi: 10.18520/cs/v110/i4/508-520 


