Sensor008 8, 6132-6153; DOI: 10.3390/s8106132

SENSOIS

ISSN 1424-8220
www.mdpi.org/sensors
Article

Modelling Spatial and Temporal Forest Cover Changdéatterns
(1973-2020): A Case Study from South Western Gha(gdia)

Amarnath Giriraj *'?* Mohammed Irfan-Ullah 3, Manchi Sri Ramachandra Murthy * and
Carl Beierkuhnlein ?

Forestry and Ecology Division, National Remot&a$ieg Centre, Hyderabad-500 037, India;
E-Mail: murthy_msr@nrsa.gov.in

Department of Biogeography, University of Bayleu@ayreuth D-95447, Germany;

E-mail: carl.beierkuhnlein@uni-bayreuth.de

% Forestry, Ecology and Natural Resources, RMSid®eiLimited, NOIDA, UP, India;

E-mail: irfan26@gmail.com

* Author to whom correspondence should be addde$senails: giriraj@uni-bayreuth.de;
gudugiri@yahoo.com; Tel.: +49-921-552-306; Fax:-824-552-315

Received: 13 August 2008; in revised form: 20 Sepez 2008 / Accepted: 22 September 2008 /
Published: 1 October 2008

Abstract: This study used time series remote sensing data 1873, 1990 and 2004 to
assess spatial forest cover change patterns irkKaltekad-Mundanthurai Tiger Reserve
(KMTR), South Western Ghats (India). Analysis offefst cover changes and its causes are
the most challenging areas of landscape ecologgcesly due to the absence of temporal
ground data and comparable space platform based @atnparing remotely sensed data
from three different sources with sensors havirfgiint spatial and spectral resolution
presented a technical challenge. Quantitative ahanglysis over a long period provided a
valuable insight into forest cover dynamics in thiea. Time-series maps were combined
within a geographical information system (GIS) williotic and abiotic factors for
modelling its future change. The land-cover chahge been modelled using GEOMOD
and predicted for year 2020 using the current distloce scenario. Comparison of the
forest change maps over the 31-year period shoatsetergreen forest being degraded
(16%) primarily in the form of selective loggingdaclear felling to raise plantations of
coffee, tea and cardamom. The natural disturbasgek as forest fire, wildlife grazing,
invasions after clearance and soil erosion induggdanthropogenic pressure over the
decades are the reasons of forest cover chang®TRK The study demonstrates the role
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of remote sensing and GIS in monitoring of largeerage of forest area continuously for a
given region over time more precisely and in cdfgetive manner which will be ideal for

conservation planning and prioritization.

Keywords: Forest cover change, tropical forest, GEOMOD, noyimy, Western Ghats.

1. Introduction

The value of forests to the world’s human populai® becoming increasingly evident. Excessive
alterations of the global environment by the huraetivities have led to various changes in the dloba
biogeochemical cycles, transformation of land aadehincreased the mobility of many biota. These
anthropogenically-induced changes have triggeredittth major extinction event in the history déli
on this earth and have caused widespread chandks global distribution of organisms [1-3]. With
increase in resource requirement, more and moregalarea are encroached by humans for resource
exploitation leading to the loss of biological dis#y, which are potential resources for the future
evolution.

Tropical forests, although covering less than 1G%he land areas, represent the largest terrestrial
reservoir of biological diversity, from the genette habitat level. For example, more than 50% of
known plant species grow in the tropical foreststiwongoing impacts (deforestation, degradation,
fragmentation, and local extinction) tropical fdeesuffer from rapid land use changes [4]. Agerfits 0
deforestation are bringing agricultural expansioommercial logging, commercial forestry, mining,
hydropower, industry, urbanization, road buildingdabiotic pressures inside the forest ecosystems.
Studies [1, 5] have suggested that land use chargdgkely to have a greater impact on biodivgrsit
reduction than climate change, nitrogen depositimntic exchange or increased carbon dioxide
concentration. Thus, the development of a reliabt# for protected areas (PA) is urgently needed.
Further emphasis should be placed on specific aégattypes, key species, important habitats and on
vulnerable landscape units. In most tropical regidand conversion forces the decline of species
abundance and range. Populations become increasinigierable to collapse if exposed to additional
human impact [6] such as pollution or climate clengence, it is necessary to address systematic
conservation planning [7] for large areas to enstme viability and long-term persistence of
populations and biodiversity in situ. Biodiversitgs is related to a loss of ecosystem functioming
thereby ecological services [8, 9]. In practice thanagement of reserves in the tropics is inadelyua
funded, unplanned and often threatened by illegiahetion of forest products or commercial actesti
[10]. Conservation management of naturally occgrrumdisturbed areas should ensure that their
natural values are retained in the face of interalral dynamics, disturbances from outside, and
varied anthropogenic pressures.

The Western Ghats are one among the 34 biodivehsitypots of the world [11]. Considering
KMTR’s importance for the conservation of the widegion’s unique biodiversity, an assessment of
forest cover and forest cover change is neededsydtematic assessment has been conducted to
determine KMTR’s remaining forest cover, its fragitaion patterns, or the rate at which forest cover
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is changing. It is therefore necessary to deternaiceurately the rate and spatial patterns of these
processes to formulate sustainable strategiesoftservation and monitoring of relatively undistudbe
landscapes. Such kind of assessments can onlydmigad via analysis of satellite imagery and
ancillary information, because on-the-ground resoofl impacts from agricultural conversions and
logging are either inaccessible or non-existentel##@ remote sensing offers consistent obserabio
tropical forests cover dynamics at a fine scalg jiith more precision and in a cost-effective manne
Thus detection of land cover change both at aapatid temporal scale using satellite images sach a
Landsat, IRS, SPOT is one of the most valuablerimriions to natural resource management and
biodiversity assessment [13-15]. Analysis of mtétiaporal satellite data offers accurate estimadion
forest cover and deforestation rates [12, 14-15].

The objective of this study is to characterize ighaind temporal patterns of forest cover charige, i
rate of deforestation, and to develop future sagesarsing remotely sensed data in a case studyoérea
Kalakad-Mundanthurai Tiger Reserve, South Westehat§; India. The research also focuses in
identifying remnant intact patches of evergreeegousing multi-temporal satellite data (1973 —400
for its future scenario. These inputs are usefuldiineate potential conservation areas and mamgor
parameters in one of the ecologically most sereshiwdiversity hotspots of the earth.

2. Study area

The Kalakad-Mundanthurai Tiger Reserve (KMTR) isdtd in the southern end of the Western
Ghats (hereafter “WG”), Tamil Nadu (India) (Figutand lies between’81’ - 852’ N latitude and
77°10’ - 77’33’ E longitude in the biogeographic provinces [#6].1 (Malabar rainforest) and 4.14.4
(Deccan thorn forest). The area falls in two diss;i namely Tirunelveli and Kanya Kumari of Tamil
Nadu and is bound on the west by Kerala State. KM@®ers an area of 907 knwith hills towering
to majestic heights ranging from 100 to 1,880 mg#piar peak). The Agasthyamalai hills in the
Southern end of the WG are known for high speciesrsity, harbouring 2000 flowering plant species
with 7.5% endemism [17]. The mid-elevation zone)(#01,400 m) is the tropical wet evergreen forest
of the Cullenia—Mesua—Palaquium series [18]. Theate of the area typically has a minimum rainfall
of 1,200 mm to a maximum of 5,000 mm. Annual avertgmperatures range from 13.5°C in the
evergreen to 23°C in the deciduous forests. Drjoderanges from 3-5 months and number of rainy
days is in the order of 89-92 days [19]. Foreskes$yguch as tropical evergreen, tropical semi-
evergreen, tropical moist deciduous, tropical dezgiduous, grasslands and secondary succession exist
in the study area.
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Figure 1. Geographic position of the Kalakad—Mundanthuraiefigreserve (KMTR),
South Western Ghats, located in the Tirunelveli Eadykumari districts of Tamil Nadu,

(India).
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3. Materials and Method
3.1. Satellite data classification

Cloud free data of LANDSAT Multispectral Scanner§B) of March 1973 covering path and row
154/54 was obtained from USGS, EROS Data CenteuxStalls, SD, IRS-1A LISS | satellite data of
April 1990 and IRS-P6 LISS Il satellite data of Mh 2004 covering path and rows viz. 101/67 and
101/68 from National Remote Sensing Agency, Hydadaf-igure 2). LANDSAT-MSS data with a
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spatial resolution of 80m and the spectral wavdte8l 0.5 — 0.6, B2 0.6 — 0.7, B3 0.7 — 0.8 and B4
0.8 — 1.1um), IRS-1A LISS I with a spatial resabatiof 72.5m and the spectral wavelength (B1 0.45 -
0.52, B2 0.52 - 0.59, B3 0.62 - 0.68 and B4 0.70.86um) and IRS-P6 LISS-Ill with a spatial
resolution of 24m and the spectral wavelength of ftands (B2 0.52 — 0.59, B3 0.62 — 0.68, B4 0.77 —
0.86 and B5 1.55 — 1.70um) were analyzed in theystarior to geometric correction satellite images
were radiometrically corrected for subsequent agly

Figure 2. False color composites for the study region betw®#@n3 to 2004 showing
different vegetation formations, and also the \tamain tone and texture in the South
Western Ghats, Tamil Nadu, India.

The initial vegetation type map of 2004 (LISS-Wgas characterized using supervised classification
technique based on the information of terrain, ¢ppphy and species database collected during
landscape-biodiversity characterization programViastern Ghats [20]. Based on the 2004 vegetation
type map inputs, an area of interest (AOI) of exeeg patches in 1973 was selected using MSS data
assuming that these patches had remained unché&oged 973 till 2004. The reflectance properties
has similar trends in the evergreen and semi-esengpatches for both the satellite images (Figure 3

Taking the above criteria into consideration 19733%/4mage and 2004 LISS-IIl image were used to
generate the LULC maps of 1973 and 2004 respegtitekewise all the spectral classes were
assigned training sets from the geometrically e images and were then classified. The maximum
likelihood algorithm was used to classify thesengse[21]. Major forest types delineated were viz.
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tropical evergreen, semi-evergreen, moist decidudysdeciduous, dry evergreen, grasslands, scrubs,
reeds (Ochlandra sp.) and orchards. The tone atidraé differences in these forest types can be
clearly seen in satellite imagery (Figure 2). Tlessified vegetation map was validated by verifarat

on ground and found to be 85% accurate. Finalhs IRSS-IIl dataset were re-sampled to 80m
(equivalent to MSS) to facilitate comparison.

Figure 3. Spectral properties (X-axis has spectral bandsYaagis has reflectance value)
differentiating evergreen and semi-evergreen fasgsts of KMTR, South Western Ghats
of Tamil Nadu, India.
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3.2. Predictive modelling of evergreen forest

An approach which combines time series evergreeasf@reas change between 1973 and 2004 and
future change of its location and quantity was nilede within the geographical modelling
(GEOMOD) framework (Figure 4). GEOMOD is a simpl&directional linear change modelling tool
[22] that uses suitability image/s, produced by bonmg a variety of driver images to predict locats
of change for given quantity of change between twe periods. User re-runs GEOMOD trying to
obtain higher and higher values of Kappa. Once dseides to accept a result, GEOMOD can use the
“suitability” map and the selected weights to motled land cover of a future year based on only
attributes. The most interesting part of this tgpehange modelling is in its ability to model |tica
specific change for different quantities of change.

GEOMOD can evaluate change in two land-use typestahe. Therefore, each of the vegetation
and land-cover map was reclassified as evergreegrgieeen) and non-evergreen (semi-evergreen,
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deciduous and other land-cover) areas. The mostmonreclassification is to classify all undisturbed
forest as type 1, and all other land-use typegm@es 2, which can be categorised as area having thuma
intervention e.g. abandoned evergreen areas, oishezeds @chlandraspec.). Area estimation is
done using reclassified image to know how manysftopexels existed for the particular time period.
Future rate of change is calculated using the snsplbtraction to find the area deforested during

interim period.

Figure 4. GEOMOD based modelling of evergreen forest chargieguspatial drivers,
extrapolation and validation procedure for the fetevergreen forest scenario in KMTR.

T
H
1
1
'
1
-
]
1
]
1
'
1
1
'

T1 . T2 T3
Land use Map T Land use Map Land use Map
l :
1973 2004
e :
' Predicted T2
. Q. [} '
DFIVF‘I’-A - | | 3 g \ AR Landuse Map E
Driver e N !
Driver 2 | 89 4 '
. = sc| | | vrTTTTTTTTTTTTTTTTTN 1 '
Driver 1 28 | Predicted T3 -----,
a 6_‘-:' ¢ Landuse Map ! '

- m e -

v i
Calibration Loy
Procedure — 5

——» | Timel to Time2

Validation
Procedure

Linear
Extrapolation
Procedure

) . : RN Kappa for
Time2 to Time3 i Future Scenario ™, Location

. 2010&2020

. -

-

Drivers explaining the evergreen forest changeuieig 5a-d) which include altitude, slope, aspect,
proximity to protected area (PA) boundary, settlethéea and coffee plantation, road and footpath,
rainfall intensity and locations of reed3dhlandraspec) were integrated using multi-criteria decision
support system with appropriate fuzzy membershitions into single suitability image [23]. This
suitability image was then used in GEOMOD to maztednge from 1973 to 1990, 1990 to 2004 and
then from 2004 to 2020. All driver maps used focteaalibration run are added together to create
(disturbance proneness area) suitability map (Eiga). GEOMOD uses this map of ranked potentials,
or likelihoods to simulate deforestation at a thpaint in time, the results of which can be valatht
against the actual map of that same time peridgesiohow well the drivers did in predicting the tsala
pattern of deforestation. This ‘test’ is called ttadidation process and is discussed further below.



Sensor008 8 6139

3.3. Validation

To validate the results created by GEOMOD, theaatuergreen map at a known point in time is
compared with the predicted evergreen map of thatestime based on analysis of the pattern at an
earlier point in time using “Validation” tool avalble in IDRISI module. In the past, measures of the
‘goodness of fit' commonly were performed by usengimple percent correct measure or, at best, a
multiple-resolution percent correct [24-25] butstirovides little assessment of a model’s ability t
predict the correct quantity of change versus liiitita to identify the correct location of chang@2?,

26]. Spatial measures of ‘goodness of fit'" havenbdeveloped that measures the degree to which a
simulated map agrees with a reality map with reispecboth location (Kappa-for-location) and
quantity of correct cells (Kappa-for-quantity).

Figure 5. (a) List of potential spatial drivers (DEM, aspectps) prepared using multi-
criteria decision support to generate suitabilityage for the evergreen forest change
modelling of KMTR, South Western Ghats, Tamil Nafadia).

Digital Elevation Model Aspect Slope

Membership Function Shape, Type : Symmetric, SigmoiShape, Type: Symmetric, Sigmoid Shape, Type: Symmetric, Sigmoid
Control points: a=0, b =600, ¢ = 1300, d =1900 Control Points: a=45,b=90,¢c=90,d =135 Control Points:a=0,b =30,c=45,d=90

Reasons: Altitude from 600 to 1300m are the Reasons: Degradation mainly from East direction Reasons: Slopes range 30 toa@® the
least affected areas from degradation between 45 to 135 Deg. are the aspects that receivieast affected areas from degradation
maximum rainfall due to North East Monsoon
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Figure 5. (b) List of potential spatial drivers (precipitatideyrain relief, locations of non-
tribe) generated using multi-criteria decision suppgo generate suitability image for the
evergreen forest change modelling of KMTR, Southsi&ien Ghats, Tamil Nadu, (India).

Precipitation Terrain Relief Non-Tribe locations

Shape, Type: Monotonically increasing, Sigmoid Shape, Type : Monotonically increasing, Sigmoi@&hape, Type : Monotonically decreasing, Sigmoid
Control Points: a = 1000, b = 2500, ¢ = 2500, ¢e@ Control points: a =90, b =900, ¢ =900, d = 90ontrol points:a=0,b=0,c =0, d=3000m

Reasons: Relative Relief above 90 m are Reasons: Habitations including Tea Gardens,
considered as major causes of natural PWD Electricity Board etc. expected to
degradation influence within the range of 3 km

Reasons: Maximum rainfall in a month, is most
damaging if it is above 1000 mm in a month
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Tribe |

Figure 5. (c) List of potential spatial drivers (locations oibt, orchards, metal road)
generated using multi-criteria decision supportgemerate suitability image for the
evergreen forest change modelling of KMTR, Southsi&ie Ghats, Tamil Nadu,

(India).

ocations Orchards Metal Road

Shape, Type : Monotonically decreasing, Sigmoid Shape, Type : Monotonically decreasing, Sigmoid Shape, Type : Monotonically decreasing, Sigmoid

Control points:a=0,b =0,c =0, d=2000m Control points: a=0,b=0,c=0, d=1000m Control points: a=0,b=0,c=0, d = 1500
Reasons: Tribe with five Settlements within Reasons: Tea Gardens expected to influence Reasons: Being used by Tea estates,
KMTR, expected to influence within the range land cover change and local people on the Tourists and public transport could
of 2 km fringes do ill-legal felling influence within 1.5 km
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Figure 5. (d) List of potential spatial drivers (mud road, foatfp and park boundary)
generated using multi-criteria decision supportgemerate suitability image for the
evergreen forest change modelling of KMTR, Southsi&ie Ghats, Tamil Nadu,

(India).

Mud Road Footpath / Truck Road Park Boundary

Shape, Type : Monotonically decreasing, Sigmoid Shape, Type : Monotonically decreasing, Sigmoid Shape, Type : Monotonically decreasing, Sigmoid
Control points:a=0,b=0,c =0, d=1000 Control points:a=0,b=0,c=0, d=500 Control points:a=0,b=0,c =0, d=500

Reasons: Mainly by Tribal People and the Reasons: Fringe areas of the park boundary being
disturbed by local people in the form of grazing,
NTFP collection and fuel wood with a range of 500m

Reasons: Being used by Tea estates and
local transport could influence within 1 km influence could be within 500 m
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Figure 5. (e) List of potential spatial drivers as ree@glflandraspec.) and suitability
map generated using IDRISI program for the evergfesest of KMTR, South Western
Ghats, Tamil Nadu, (India).

Reeds (Ochlandra spec.) Disturbance Proneness Map
low
\ 4
high
Shape, Type : Monotonically decreasing, Sigmoid Suitability image derived from the potential drigén

Control points: a=0,b=0,¢ =0, d =500 decision making or allocation situations where tsaxd

land are to be allocated explaining the sources of
disturbance induced by natural and human-made sause

Reasons : Evergreen forests are degraded
and the open gaps are occupied by Ochlandra
and expected to influence within 500 m

4. Results and Discussion
4.1. Vegetation types

The changes in the vegetation and land cover basetligital classification of satellite data shows a
significant decrease of evergreen forest mostietui-evergreen forest types (Table 1). Of the tataa
covered by natural vegetation (857 Rrthe evergreen and semi-evergreen forest occl@fies of the
area. Before finalizing the vegetation and landetawap, it was thoroughly checked in the field with
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GPS points. The overall accuracy stands at 72% avikhppa statistics of 0.70. Using this data, alfin
multi-temporal vegetation and land-cover classifama map was brought out (Figure 6). In 1973,
evergreen forest constituted 316 %nfollowed by semi-evergreen having 194 %nn 2004 the
evergreen forest has degraded to 188 {ira. 40% loss of land-cover where as semi-evergferest
gained by 36% to 265.1 Kn Grassland covering 73 Kmis largely distributed in Kodayar,
Manjamparai and adjoining areas of Agasthyamalgiore The area under grassland has shown a
significant increase of approx. 166% during 1972)04.

Table 1. Vegetation and land-cover distribution in KMTR, 8o Western Ghats, Tamil
Nadu, India for the years 1973 and 2004 using Igatel

S.No Types 1973 1990 2004
A Phenelogical types
1 Evergreen 316.72 182.00 166.49
2  Semi-evergreen 19440 255.72 285.10
3 Moist deciduous 143.59 146.01 132.02
4  Dry deciduous 38.95 72.50 98.30
5 Dryevergreen 136.13 67.87 61.55
6 Grassland 27.36 11419 75.14

Subtotal 857.16 838.29 818.60

B  Other landcover types
7  Shrubs 1.11 13.20 16.01
8 Ochlandra 13.56 13.80 23.74
9 Orchards 2.33 10.17 16.42
10 Fallow/barren 10.04 7.59 9.86
11  Water 15.22 13.40 16.86
12 Shadow 6.97 8.79 2.50
13 Cloud 1.07 221 3.46

Grand total 907.46 907.46 907.46
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Figure 6. Vegetation and land cover classification map fer $tudy region (1973 & 2004)
of KMTR, South Western Ghats, Tamil Nadu, (India).

4.2. Land-cover change analysis

Change detection analysis was performed betweestitmeperiod (1973-1990 & 1990-2004) and
change matrix is given in Table 2. We have assefgedt cover changes in two different levels, as
before and after declaration of protected arethdrfirst case we observed large-scale changesestf
cover between 1973 and 1990 mainly from evergreesemi-evergreen forest type (122.39%m
which constitute ca. 38% of the total land-coveardes, evergreen to reed3chlandraspec) (3.17
km?), and evergreen to orchards (3.33%knConspicuous changes in semi-evergreen forestgre
to grassland (29.05 Ky Ochlandra (4.94 knf) and Orchards (4.67 K It is observed that the
vegetation cover change is mostly in patch sizégeeof 100 ha or 10-50 ha. In the second case (i.e.
after declaration of PA in 1988) the observed clearaye very less compare to the first case (iferde
declaration of PA). Between 1990 and 2004 the @fssvergreen forests is less than 16°kand an
increase of semi-evergreen forest by 29.4.kithough the area is declared as protected arés, it
facing continuous disturbances and the causes ddbiast cover changes are illegal timber cutting
and extraction of other forest sources.
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Table 2. Change matrix for the KMTR between 1973 to 1990 &8990 to 2004, South
Western Ghats of Tamil Nadu (India).

1990

1973 1 2 3 4 5 6 7 8 9 10 Total
1 159.33| 122.39 0.26 0.02 0.04 3.17 26.79 0.90 3.83 14316.72

2 21.24 | 115.67 9.95 7.58 0.00 4.94 29.95 0.95 4.67 1.p5194.40

3 0.00 0.00 84.07 30.63 0.00 0.2 22.49 5.16 0.00 1.p3143.59

4 0.00 0.00 17.67 14.47) 0.00 0.0 1.5p 4.39 0.90 0.8538.95
5 0.00 5.00 30.08 18.77] 65.77 0.17 5.1p 2.03 0.00 9.16136.14

6 0.00 6.47 0.10 0.00 0.13 5.61 0.9] 0.0 0.90 0.3113.56

7 0.00 0.00 0.00 0.00 0.00 0.54 26.04 0.1P 0.1 0.$827.36

8 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.81L 0.90 0.29 1.11

9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 1.1 1.15 2.33
10 1.43 6.19 3.88 1.03 1.97 2.14 3.64 0.4B 1.05 11)4633.29
Total 182.00f 255.720 146.01 725 67.97 16.40 11568 13,20 10.17 .512)7 907.46

2004
1 2 3 4 5 6 7 8 9 10 Total
1990

1 116.80 58.07 0.40 0.27 0.59 3.8 0.4p 0.01 0.65 0.p8182.00
2 35.60 | 166.99] 10.80 19.79 4.97 6.18 5.88 0.01 1.52 411255.72
3 0.00 32.44| 53.79 33.97 7.44 0.04 5.3F 5.0 0.00 7.[15146.01

4 0.00 0.00 41.31 17.06 8.24 0.0 2.0p 2.598 0.1 1.p172.50

5 0.00 3.85 12.75 17.94 31.58 0.04 0.1p 0.42 0.00 1.1.367.87

6 0.00 8.42 0.05 0.00 0.07 3.97 0.8 0.0p 0.30 0.1813.80
7 5.80 12.96 0.00 0.20 8.18 11.2p 58.43 3.17 9.27 6.58115.68

8 0.01 0.28 9.28 0.00 0.00 0.09 0.79 2.7p 0.1 0.06 13.20

9 0.00 0.00 0.99 1.01 0.00 0.69 0.07 0.0p 4.41 3.(*)0 10.17
10 8.28 2.09 2.65 8.15 0.52 0.63 1.23 1.2p 0.24 5.47 30.52

Total | 166.49| 285.100 132.02 9830 61.55 26.J5 75[14 16/01  14.42 682p.907.46
1 - Evergreen; 2 - Semi-evergreen; 3 - Moist Deaithy 4 - Dry Deciduous; 5 - Dry Evergreen; 6 —
Reeds; 7 - Grassland; 8 - Scrub; 9 - Orchards; @thers

The evergreen forests of the KMTR have undergonensive degradation during the two and half
decades showing 16% of the evergreen forest ba&gaded primarily in the form of selective logging
and clear felling to raise plantations of coffeea tand cardamom. This has resulted in growth of
secondary successional stages such as semi-evemreef the major phenological types. Study [27]
has pointed out that there is significant lossiofdgical rich areas between 1960 and 1990 (85.6 km
to plantation, 42.0 kito encroachment and 36.4 kio reservoirs). The present study quantified 8%
increase of reedOchlandraspec) patches since 1972 and is further contindireggto anthropogenic
pressure on the intact forest which can lead t@rs#ary succession or degradation process. Most
important cause for the growth Gfchlandrais encroachment of cardamom and coffee plantatitm
evergreen forest carried out over vast areas, whidhde Uttu, Kakachi and Sengaltheri. Abandoned
plantations undergrowth is invaded by reeds, wipokévents all other regeneration as this reed is
highly combustible during the dry season. Additibneecurring fires gradually enlarge the openings
in the forest and is gradually replaced by reeds.
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Spatial patterns of forest dynamics suggest twanmeodcesses of forest clearing, including broad-
scale conversion and degradation of forests andersion of commercial plantations (tea and coffee).
Major threat to forests is not outright deforestatirather forests and their biota are sufferimmgnfi(1)
simplification, where structurally rich native fete are converted to simplified secondary stands or
other forest types due to harvesting of selectipeces [28-29], and (2) fragmentation, where
remaining tracts of native forests are separatéd smaller patches by anthropogenic activities,
resulting in a terrain that is hostile to many see@nd posses barriers to movement [30-32]. Thig m
result in significant loss of natural resources biudliversity.

For the studies involving change estimation ovepatial and temporal domain it is important to
have ground-based surveys to validate the actwalgds, but such surveys are rare and in most cases
do not exist in tropics [33]. Since the tropicatdsts are the most stressed among all the foness ty
and are rich in biodiversity, it is important thtée changes in the tropical forest needs to monitor
effectively. To analyze such databases, we nedithdosome indirect validation methods for the past
satellite derived data [33]. The comparative evizbmaof spectral properties (NIR, SWIR bands) along
with species composition data in the change andhamge area could be good indirect evidence and
help in demarcating the distinct vegetation typelsich have undergone changes over three decades.
This approach provides a reliable means of momigpthe landscape level transformation over a
temporal frame [33].

Mainly forest is lost to areas that are closerh® $ettlement, roads and plantations; however it is
observed that the reed growtBdhlandraspec) is more prolific in the vicinity of the setthents and
roads. It has also been observed that the rainfehsity has significant impact over the natural
degradation of the forests in the east facing Sogeere the intensity of erosion and runoff is naue
to heavy downpour.

4.3. Modelling evergreen forest cover change

Multi-criteria evaluation (MCE) a decision supptobl was used to generate suitability image to
identify evergreen forest areas prone to changezy-rbhased membership function with its shape and
type was used to detect the pixels which are deitahd not-suitable for change. For e.g., DEM which
uses membership function as symmetric and typeégasogl where the altitude between 600 to 1,300
m are identified as the least degraded areas. @rodarmation was randomly collected for all the
potential drivers used in this study as an inpuwire® for multi-criteria decision wizard. Time serie
inputs along with suitability map were used in Gaphic Modelling (GEOMOD) framework to
predict future areas of change for its conservaptanning and restoration of tropical rainforest
system. Similar approaches were carried out in Bagiratta National park (India) to identify
deforestation rate and also proposed modelling &lafor conservation of forest resources and its
sustainable management [34].

Results indicate that between 1973 and 1990 (thiqtion began in 1987) about 42% of the total
non-degraded forest was actually lost to the degtachtegory, however the rate of degradation
substantially reduced after the protection becadifieetere and only 9% of the total forest that reneal
in 1990 was lost to the degraded category (Figuasad Table 3). Using GEOMOD it was perceived
that even if the same level of protection persiatsadditional 27% of the non-degraded forest would
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be lost to the degraded category by 2020. The teesudre validated using validation tool of IDRISI
software. The pixel location and quantity betweetua and predicted map of 1990 showed 80%
accuracy, while in the year 2004 it was 88% acagui&igure 8). Based on the validation inputs,
predicted map of 2010 and 2020 was prepared (Figure

Despite legal protection from major human actigitithe region is subjected to various processes
that ultimately prove detrimental to the sustenawicéhe native forest system. The focused priasity
conservation of these patches may be helpful ttasushe biological diversity as these patches of
evergreen forests provide unique habitats for warendemic plant species and wildlife. In this eaht
the moderate spatial and high spectral resolutiata drom wide field sensors, can be used for
generation of extensive information regarding vatet area, patch shape and size, fragmentation
patterns and porosity which are the major indicatdrthe disturbance and land-use change in anmegio

Figure 7. Comparison of actual and predicted evergreen fareahge between 1990 &
2004 using GEOMOD modelling and also the futurenacge map of 2010 & 2020 for the
study region (KMTR), South Western Ghats, Tamil déiadia).

Actual Evergreen (1990) Predicted Evergreen (1990) Actual Evergreen (2004) Predicted Evergreen (2004)

Future Scenario
Predicted Evergreen (2010) Predicted Evergreen (2020)

I Evergreen Areas

|:| Non-evergreen Areas

The natural disturbance like fire, wildlife, regoi®sence in evergreen forest and invasions and soil
erosion induced by anthropogenic pressure on ttest® over the decades are the reasons for changes
in the overall composition and result in establishimof habitat generalist species in KMTR. Further
we also intend to study evergreen patches of chamgk no-change areas for species richness,
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composition, functional and structural process mdarstand ecosystem functioning and behavioural
pattern.

Table 3. Current and future scenarios for the evergreeestsrloss observed in KMTR of
South Western Ghats, Tamil Nadu (India).

Evergreen Forest Area (sq.km)
1973 316
1990 182
2004 166

Current Scenario

Category No. of Pixels
Evergreen forest - 1973 47709
Evergreen forest - 1990 27616
Total change 20093
Total change (Sq.km) 129
Annual rate of change (Sq knp) 7.56
Evergreen forest - 2004 24903
Total change 2713
Total change (Sq.km) 17
Annual rate of change (Sq knp) 1.2

Future Scenario

Change in Evergreen Fores{ Area (Sqg.km)
2010 134.72
2020 112.79
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Figure 8. Evaluation of the evergreen forests change usingpKavalidation module
(IDRISI) for the actual and reference image (199@04) of KMTR, South Western

Ghats, Tamil Nad
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The study has demonstrated the utility of remotesisgy and GIS in detecting forest cover change,
identified magnitude and rates of deforestatioomperal change analysis using GEOMOD has shown
that an additional 27% of the non-degraded foremildvbe lost to the degraded category by the year
2020 in the region. The comparison map clearly @rplthe probable locations of degradation within
the protected areas if the present trends of d&tftien and practice of protection continues. Tloeee
areas like Agasthyamalai and Kodayar pockets shbelgrioritised for protection, as they are more
vulnerable for degradation. We point out there #thdae new potential satellite sensors to assess
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regional scale of forest and land-cover mapping dtne’ spatial resolution (180 — 300 m) for the
emerging environmental change issues. Such progmronly provides better land-cover information
needs at global and regional scales, but alsobateggional and national levels. Indeed such datddco
establish the link between global and local obd@ma. Further deforested pixels in the protected
areas need to be monitored using high-resolutiorote sensing data, ground observation explaining
the positive and negative feedback from the regishich could be a useful tool for assessing
productivity and enriching biodiversity. This appob can deliver accurate estimates of forest cover
change, as well as long-term monitoring of ecolalgisensitive areas, represent keystone for
conservation policy, which will be a robust, coffeetive and feasible tool in the coming decades.
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