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Abstract: Forest cover change analysis between 1973 and @883 onducted in Banja district, Awi zone, Amheggion
using remote sensing and geographic informatiotesysupported with field verifications. Informatievas extracted from
various Satellite images and different digital mafige objectives of this study were to detect tkteret and rate of forest cover
change over the last 30 years. Three dates of baimisage data of the 1973, 1986 and 2003 were tasptbduce land cover
map in general and forest cover map in particiNimrmalized difference vegetation index (NDVI), ineadifferencing and
post-classification comparison change detectiorhaus were employed. In addition to this, socioecanalata were used in
explaining the drivers of forest cover changeshm $tudy area. The results showed that duringa$te30 years, forest cover
declined from 6044ha in 1973 to 2855.9ha in 1986 2446.9ha in the year 2003. The annual rate @stocover change
between 1973 and 2003 was 120ha/year. The socioetorfactors like population growth, the demand tfee expansion of
agricultural land, fuel wood and construction miaisrwere the major driving forces for the obsertaebst cover changes.
Therefore, in order to reduce the problem of focester change, remedial actions are recommended.
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. Change detection is the process of identifyingedéhces in
1. Introduction the state of an object or phenomenon by obseninat i

Forest cover changes is a dynamic, widespread afgferent times. Remote sensing based change dmiect
accelerating process, mainly driven by naturalnpheena 2PPlies comparison of a set of temporal imagesraoydime
and anthropogenic activities, which in turn drickanges that Period of interest using specific change detecalgorithms.
would impact natural ecosystem. Understanding fored© address this issue, technology has developedtiagd

patterns, changes and interactions between huntaitias possibilities are virtually unlimited in differenareas of
and natural phenomenon are essential for propesstor @PpPlications, which can be addressed through earth

management and decision improvement. Today, daia fr observation satellite data and decisions suppois teuch as

satellites are very applicable and useful for foresver ©G€09raphic Information System [1]. o _

change detection studies. Detecting forest contitias well 1 he problematic nature of forest degradation innewtion
as monitoring the changes of various forest strattand With spatio-temporal change of forest cover chaneeds a
biophysical variables can enable accurate undatistgrof ~Profound and ongoing research to act accordinglythis

forest ecosystem services. Monitoring of forestezashange '€SPeCt the depletion of forest cover has becommeajor
is one of the main applications of remote sensameti change €cological problem Ethiopia. Regarding this, EFAP<tated
detection. that by the early 1950s forest cover of the couwag reduced

to 16% of the total area, early 1980s by 3.6% dailia2.7%
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in 1989. The rate of deforestation is estimatedf,000ha
per year. This indicated that
accelerated land degradation have led to deteidoraf the
country’s environment.

In relation to the available information of foresiver in
the country, EFAP [2] documented that there is deqaate
information on the location, extent of the remagniforest
cover of the country and the rate at which thiouese is
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Both primary and secondary data have been uselisn t

rapid deforestationd a research. The use of each data has been foundraldwant

and important in the research process. Primaryudsgd in the
study were: Landsat MSS data image acquisition ddte
02/01/1973 with four bands, Landsat TM data image
acquisition date of 01/03/1986 with seven bands)dsat
ETM" data image acquisition date of 01/26/2003 haviggte
bands and SRTM (Shuttle Radar Topographic MisdREEM

depleted. However, there were some works done fier of data 90m resolution. In order to assess the cahaebrought

information on forest cover of the country. Dueniassive
exploitation, the forest resource of the countrg banfined
itself to small remnants on the highlands partidylalmost
all located at unreachable areas [3]. In the starba the
Kathasa Priority State Forest is one of the few nmam
forests which are found in Banja district. Furthere) like in
many other parts of the country, the problem oé$brcover
change is a very serious environmental problenménstudy
area and extensive areas of forest cover incluslimgb lands
have been deforested. However, the rate and axeatteof
the forest cover change is not well studied tileda hus, for
a sustainable forest resource management, it isseacy to
estimate forest cover change on large spatial entporal
scales. The General Objectives of this researchtavdstect
the magnitude of forest cover change. The Speaffjectives
include identifying forest cover and its spatiadtdbution, to
analyze the spatio-temporal change, to create tfameser
map of the study area for the years 1973, 19862808 and
to assess the cause of forest cover change.

2. Methods

The study was conducted in Banja Districwi
Administrative zone, Amhara National Regional Sate,
Ethiopia. Geographically, the study area lies withif52'to

11°3'N latitude and 388'to 37°8’E longitude at a distance of

440 km Northwest of Addis Ababa and 120km SoutBaffir

Dar, the capital of Ethiopia and Amhara regionadtest
respectively. The altitude of the study area rarfgas 1800
to 2953m.a.s.l. Most of the eastern parts of trstridt are
2425m.a.s.| (Fig.1).
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Figure 1. Location of the study area

about forest cover change; questionnaires have tesigned
and distributed. The survey instruments used fdleciing
data were structured and semi-structured questicma he
research findings from the primary data have been
supplemented by secondary data sources such ashmebl
and unpublished material&armin GPS was used for the
collection of ground control points for image cléisation.
Field observation sheet was prepared for storihtpatl use
/land cover information types. Totally 1ground truth points
were collected. Images (MSS 1973, TM 1986 and ETM+
2003) were projected to similar projection and datWTM
projection and Adindan datum.

Radiometric correction, Histogram equalization hanel
noise reduction were performed. The three images ha
different spatial resolution. Spatial resamplingsvparformed
using ENVI 4.2 software. By doing this Accordinglhe
spatial resolution of all images become 28.5m by5i28
Furthermore, resolution merges was also conducted t
increase the spatial resolution of multi-spectmadges. Both
unsupervised and supervised image classificationniques
were applied. Unsupervised classification was dbefore
field work. For the supervised image classificatioaining
areas were established based on the ground tikeh thuring
field work. Among different algorithms in the supised
classification maximum likelihood was utilized.

Having applied the techniques of image classifzati
methods, land use / land cover types were idedtifi@rder to
detect forest cover change. With the help of visual
interpretation and the different reflectance chemastics of
the features in the satellite images of 1973, 1886 2003
eight Land use/Land cover classes, namely; Fd8éstib land,
Grazing land, Agricultural land, Settlement areareBland,
Water body and Marsh have been identified withsteport
of ERDAS Imagine Software. Each land use/land cove
description was stated as follows:-

e Forest: It represents both natural and fragmented

plantation forest areas that are stoked with toagsble
of producing timber or other wood products.

* Shrub land: Areas covered with small trees, busimels

shrubs, mainly with less crown cover.

* Settlement: are those areas composed of intensige u

with much of the land by rural villages, towns andds.

e Agricultural land: are lands covered with agrictdtu

activities.

e Grazing land: All areas covered with mainly natural

pasture, but also other small sized plant species.

e Bare land: Areas under degraded grasslands and with

some areas that are bare ground (rocks).
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* Marshy: Lands that are seasonally under water.

* Water body: lands completely covered with water.

All the existing images were classified in to eigta#nd
use/Land cover types. To detect the changes oftfaaver
over time, NDVI and Post-classification Change Dtta
comparison methods were applied.

NDVI is calculated using the following equation:

NDVI = (NIR - RED) / (NIR + RED)

Where, NIR and RED is the reflectance in the nefaaired
and red bands, respectively. NDVI is a nonlineacfion that

matrix which is a report of the overall proportiohcorrectly
classified pixels. Finally, Kappa Statistics wa$cukated for
the different areas that were classified.

The Kappa coefficient result values are betweemd B
where the latter shows complete agreement, andftén o
multiplied by 100 to give a percentage measure of
classification accuracy. Kappa values are also ggdunto
three groups: a value of kappa coefficient greaten
0.80(80%) represents strong agreement, a valueappa
coefficient between 0.40 and 0.80 (40 to 80%) repmés
moderate agreement, and a value of kappa coeffibiglow

ranges between -1 and +1. Healthy vegetation hgh hi0-40(40%) represents poor agreement [4].

positive NDVI values because of their relativelyglhni
reflectance in NIR and low in visible wavelengthauihg
conducting NDVI analysis of the year 1986 and 200,

3. Results and Discussions

mean and standard deviations values are summatized 3-1- Land Useand Land Cover Results

evaluate the trends of vegetation cover change.

Change detection involves the use of multi-tempdeth
sets to differentiate areas of land cover changedsn dates
of imaging. This kind of change detection methoeniifies
where and how much change has occurred. In thetimesgn

The land use/land cover units of the study areaewer
classified in to classes of forest, Shrub land,z@ig land,
Agricultural land, Settlement, Bare land, Marsh aNdter
body. The statistics of land use /land cover changgeneral
and forest cover change in particular were computed

four ~ conditions of forest cover change detectiony .\ marized to detect the nature of the changeslms¢he

characteristics such as, detecting the changes tbaae

occurred, identifying the nature of the change, sugag the

areal extent of the change, and assessing thalspatiern of
the change are explored. Besides, change detentitnx has

been produced to explore the trends and patternignaf

use/land cover change in general and forest cdvange in

particular. For the current study, the rate of $beover change
was also calculated using the formula below:-

r= a—% ...................... Equation2

Where r = Rate of forest covers change

a = Recent year forest covers in ha

b =Initial year forest covers in ha

t = Number of years between a and b

To validate and crosscheck the result of the Landsage
classification with known ground truth data, acoyra

years 1973, 1986 and 2003.

The dominant land use, grazing land and agriculttakes
33,848.2ha of the total area, forest covers 604ghrap land,
which mainly contains small trees, bushes and shredvers
4910.9ha, settlement covers 751.4, bare land c@@s3ha,
marshy and water body covers 97.2 and 29.3, rasphct
Agricultural land take the highest share in the 6.98nd
use/land cover class covers 21,631.6ha, followedrhying
land which accounts 12,308.1. Shrub land which Main
contains small trees covers 7,989.5 ha, forest5298ha,
settlement 891.9ha, bare land 214ha and marshyhZ&&ed
water body 40.9ha takes the minimum area coverage
(Fig.2).The land cover classes for 2003 takes itjiedst share
for agricultural and grazing land covering 28,54%6d
10,157.8 respectively followed by forest 2446.%taub land
1937.9ha,settlement  1552.5ha, bare land 951.9ha,
marshy346.1 and water body 47ha of land cover framotal

assessment was done for the year 2003 using ENVI4a2ea of the Banja district.

software. Accuracy assessment evaluation includesrior
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Figure 2. Land use/Land Cover map for 1973(left), 1986(right) and 2003 (Below)
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3.2. Change Detection forest and shrub land became reduced in areal ageeas

compared to the 1973 and 1986 land cover / landtlasses.

Change detection method was employed to categorigg, the agricultural land has been on the pacevakiment,
forest cover changes between 1973, 1986 and 2003. éccounting for 65% of the total area.

addition, the forest cover change in the form ofpmand

statistics has been assembled to examine the &peailire 5, gestination of cover classes change convensédrix for
and extent of the forest cover changes betweestdted dates 5. period is analyzed. Change matrix has beetupeal on
of imageries in the study area. The rate of larel l&nd is 1o pasis of 1973, 1986 and 2003 satelite images

presented in Table 1. classification and presented in Tables 2, Tablen@ Bable

I03ased on the 1973 land use / land cover classesitaby The three Confusion Matrix table show that theahr
48% was accounted for grazing land where as agmi@ll  yisyrinution of each land cover/ land use clas$es have
land shared 25% and forest shared 13% and shrdbtddes undergone transformation from one type to anotheeing

11% of the total area of the Banja district. Theallest | c their areal extents or remained intact.
share went to settlement, bare land, marshy andrvioatdy. The amount of land in hectare changed into othedt lzse

In1986, agricultural land showed an increa}se inalaretype obtained from other land use type. For ingtaiit,176ha
coverage due to the need to secure more agricllmmds. ot ora7ing land, 2553.3ha of shrub land and 150gHarest
However, grazing land which was likely to be chah@®to ¢ 1973 were converted to agricultural land. Wheréae

other land use / land cover unit showed changeetline. 1,44 diagonal values stand for the unchangeduaad land
Apparently, shrub land and settlement coverage g qyer that maintained its original land cover /darse unit
increment in areal coverage. Regarding 2003 laed/ Uasnd (Table 2).

cover unit, the size of three classes, namely;iggaland,

To clearly understand the major land cover chamggce

Table 1. Rate of land covers change

Land use Land cover 1973-1986 1986-2003 1973-2003

categories Area (ha) Rate of change(ha/yr) Area (ha) Rate of change(haly) Area (ha) Rate of Change (ha/yr)
Agricultural land 10349.3 796.1 6914 406.7 17263.3 575.4

Grazing land -10257.8 -789.1 -2150.3 -126.5 -12408.1 -413.6

Forest -3188.1 -245.2 -409 -24 -3597.1 -120

Shrub land 3078.6 236.8 -6051.6 -356 -2973 -99.1

Settlement 140.5 10.8 660.6 38.9 801.1 26.7

Bare land -91.3 -7 737.9 43.4 646.6 21.6

Marshy -43.3 -3.3 292.2 17.2 248.9 8.3

Water body 24.4 1.9 6.1 0.4 17.7 0.6

Table 2. Matrix of Land Cover/Land Use Changes Between1973 and1986

Land Cover/Land Use Units of 1986

Classes Agricultural land Grazing Forest  Shrub land Bare Settlement  Marshy Water
Land land body
Land Agricultural land 5841 2865.4 396.8 1916.5 53.8 187.8 14.6 5.5
Cover/L  Grazing land 11176 7499.6 409.5 2785 119 563.1 12.1 15
and Use  Forest 1503 680 1760 1983.1 6.8 59.7 9.7 7.2
Units of  Shrub land 2553.1 915.7 502.6 1085 22.2 64 14.4 3.9
1973 Bare land 137.8 83.3 13 63.8 2.8 3.3 1.2 0
Settlement 349.9 225.7 222 132.9 9.3 11.1 0.2 0
Marshy 34.6 37.7 1.7 15.8 0.2 2.8 13 3.2
Water body 2.1 0 0 7.5 0 0 0.3 19.4

Table 3. Matrix of Land Cover/Land Use Changes Between 1986 and 2003

Land Cover/Land Use Units of 1986

Classes Agricultural land f;ilélng Forest i?llyb Eirde Settlement Marshy \t/)\(/)a‘fjr
Land Agricultural land  15252.8 4584.9 227.8 583.8 446.7 3535 182.2 0.1
Cover/L  Grazing land 6349.4 4359.6 37.7 96.3 349 1029.4 86.7 0
and Use  Forest 887.8 82.2 1478.4 384.4 3.7 15.2 4.1 0
Units of  Shrub land 5535 704 700.6 846.4 74.5 66.2 60.2 25
1973 Bare land 123.2 34 0.4 2.2 36.5 17 0.6 0
Settlement 378.8 389 15 7.7 41.6 71 1.8 0
Marshy 18 3.9 0.3 16 0 0.2 10.5 4.6

Water body 0 0 0 1.6 0 0 0 39.8
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The type and amount of conversion in the land asel |
cover from 1986 to 2003 within 17 years. Land vatkas of
15252.8ha, 4359.6ha, 1478.4ha, 846.4ha, 36.5hd,0783ha
and 39.8ha classified as agricultural land, graland, forest,
shrub land, bare land, settlement, marshy and waaely
respectively remain unchanged. On the other hahd,
conversion of land takes place from one typesrmud lase in to
other land use types.

For instance, agricultural land to grazing land84.9ha),
grazing to agricultural land (6349.4ha) and shrahdl to

agricultural land (5535ha) (Table 3).

From 1973 to 2003 within 30 years. 7633.3, 5932817
266.6, 13.1, 34.5, 0.2 and 20.1 that classifiedgagultural
land, grazing land, forest, shrub land, bare laadtlement,
marshy and water body respectively remained undthrgn

tthe other hand, the conversion of land takes plama one

types of land use in to other land use types. Retance,
agricultural land to grazing land was (2396.9),zgrg to
agricultural land (14363.7) and shrub land to agtizal land
(3275.6) (Table 4).

Table 4. Matrix of Land Cover/Land Use Changes Between1973 and 2003

Land Cover/Land Use Units of 2003

Classes Agricultural land  Grazing Land Forest  Shrub land E?‘r; Settlement  Marshy \[;\(I)Zt;r
IE:?)T/ZH Agricultural land  7633.3 2396.9 254.2 301.4 233 351.5 104.2 6.5
Land Grazing land 14363.7 5939.7 233.2 433.8 558.6 907.7 125 4.1
Use Forest 2501.5 712.7 1726 887.3 33 126.2 50 7.6
Units Shrub land 3275.6 884.8 217.3 266.6 83.7 116.2 61.6 5.1
of1973 Bare land 207.5 53.8 4.4 9.3 13.1 15.1 2.2 0
Settlement 508.5 143 9.3 23.3 29.9 34.5 2.9 0.1
Marshy 52.4 27 2.4 9.9 0.6 1.2 0.2 3.5
Water body 2.8 0 0.2 6.3 0 0 0 20.1
Table 5. Trends and Rates of Forest cover change
Forest cover in hectare for Rate of Change
three years Area change (ha) (halyr) Change (ha) (halyr) Area change (ha)  halyr
1973 1986 2003 1973-1986 1973-1986 1986-2003 1986-2003 1973-2003 1973-2003
6044.4 28559 2446.9 -3188.1 -245.2 -409 -24 -3597.1 -120

3.3. Areal Extent and Rate of Forest Cover Change

Three Land sat satellite images of 1973, 1986 @32
were used to monitor the areal extent and raterest cover
change within time series. Throughout the analygséme,
digital image interpretation of forest cover areadach year
was performed and total area of the forest covaegtare and
its percentage from each date of satellite intégtians were
calculated and summarized. Forest cover map aatforest
cover of 1973, 1986 and 2003 is presented in Table

From this result, about 6044 ha of the area wekeren
with forest resource in the year 1973. Meanwhlte, forest
cover land of the area accounted for 2855.9ha 4146.2ha in
the year 1986 and 2003 respectively.

In the year 1973, 13% of the area was covered foitst
resources while from the total area of the areait®6do was
covered with forest resources in 1986. Meanwhitaest
resources of the area were turned down in to 5%aenyear
2003 from the total area.

The rate of forest cover change from year 19739&61is
-245.2 ha per year (6044.4ha —2855.9ha/13 years)Yram
year 1986 to 2003, it was -24 ha annually (285%.8629ha/
17years).

Besides, considering the annual rate of forestrcolange
between1973 and 2003, the computed result is -1@6hgear
(6044.4-2446.9/30). The rate of forest cover chdrma 1973
to 1986, 1986 to 2003 and 1973 to 2003 is presemft€able 6.

Table 6. Total Forest Cover of 1973, 1986 and 2003

Forest Cover unit from the total area Forest Cover

Year i ha) In %
1973 6044.4 13
1986  2855.9 6
2003 2446.9 5

3.4. Patterns of Forest Cover Change

The result shows the areal share of forest covetsland
also gives information about the amount of forester land
that was converted into other land cover and lsseunits of
the three periods. The pattern of forest covemghainto
other land use/ land cover units between in the $8@3 and
1986, 1986 and 2003 and 1973 and 2003 is preseniedle
7. 4249.5ha of forest cover land are changed itherdand
cover and land use units between1973 and 1986ifigpéy,
48% of the forest cover is changed into Shrub fatidwed
by forest cover transformed in to agricultural |488%). The
remaining 16%and1% of the forest cover land is eoted
into grazing land and settlement respectively. Ftben1986
and 2003, 1,377.4ha of forest cover land are clhmgdo
other land cover units. The conversion of forestdlgo
agricultural land takes the lion share, about 65Phe
remaining 28%, 6% and 1% of the forest is transéatrimto
other land cover/use units of shrub land, grazamgl land bare
land respectively.
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Table 7. Patterns of Forest Cover Change in to Other Land Cover/ Use Units

opsi e CEne B/N 1973 & 1986 B/N 1986 & 2003 B/N 1973 & 2003
Area(in ha) Percentage Area(in ha) Percentage Area(in ha) Percentage

Forest to Agricultural land 1503 35 887.8 65 2501.5 57

Forest to Grazing land 680 16 82.2 6 712.7 17

Forest to Shrub land 1983.1 48 384.4 28 887.3 21

Forest to Bare land 6.8 0 3.7 0 33 1

Forest to Settlement 59.7 1 15.2 1 126.2 3

Forest to Marshy 9.7 0 4.1 0 50 1

Forest to Water body 7.2 0 0 0 7.6 0

Total change 4249.5 100 1377.4 100 4318.3 100

3.5. The Socio-Economic Results others) and baking injera among the total samptacé hold

) ) ] ) 98% of the sample house hold responds use of opanthithe
Forest cover change is the direct reflection ofdieamics remaining answered “mitine stove” 1% and Char®&tale

of socio-economic development. Concerning this, é&@d 1o, The growing demand for forest resources byl rama
(2001) states that forest cover change has occsteeting han sectors is responsible for the massive scdle

from an early time a small level of expansion af@gture by - yeforestation. Deforestation in the study areafsening as a
deforestation of the land that covered by the naatiorest.  oq it of expansion of agricultural activities, wbo

Similarly, numerous factors inspired by the act@rhuman s mption for fuel, construction and other uses.
being are accountable for the huge changes obtlestfcover This section helps to understand respondents’ vbeer

land into other land cover and land use units ensudy area. 415t the impacts of forest destruction on theiality. Al the
In the case of forest cover change in study area is ognondents were asked the impact of the destrucfitorest
miniature case of the general deforestation thatusC eqqyrce on their locality. Accordingly, the maijprof the

throughout Ethiopia. Out of the total sampled 99%t®  o5n0ndents 629 observed more erosion. It is @ af the
respondents reported that there was a declinerestf@over respondents have observed more flooding. The rBs%2
compared the current forest status with forestustdefore encountered loss and decline of fertility of larkhifle 8).

1973. The remaining was preferred the incremetitérstatus Regarding the solutions for deforestation, abob4ff the
of the forest. _ , . respondents suggested strong law as a solutioronérod

Table 3 indicated that there is an increasing oicaiural  ¢4reqt gepletion. Providing environmental educatias a
land from 11,282.3ha in 1973 to 21631.6ha in ther 986 | 1ion was also indicated by 23% of the respohdEmose
and 28,545.6ha in the year 2003. The indicaticagoicultural 14 <aid looking for another source of income waly 49%.

land expansion in terms of spatial coverage megniswtural 16 rest 18 percent pointed out planting treestpdiout as a
land expanded in the expense of other land covel/lsse g tion.

units. For instance, between the years 1973 ané aB8dut

1503ha, between the year 1986 and 2003 about 837@th Table 8. Principal energy sourcesin the study area
between the years 1973 and 2003, about 2501.5bst fowver Percentage of household
land is drastically changed into agricultural larfdhis also ~ Energy source  Number of households ;.

supported by the survey 76% of respondent’s viemndianed ~ Fyel wood 137 96
that, the expansion of various types of agricultacdivities is  Cow dung 2 1
the major sources of forest cover change in thdysarea. _Cropresidues 4 3

6.1% thought that human consumption for fuel, 2dfarcoal
making, and 15.4% cutting of trees for house anasfe 4, Conclusion
construction as the major causes of deforestation.

Rural households are totally dependent on biomass f Forest cover change in the form of deforestatiom fisajor
energy.Regarding this, the Ethiopian Forestry Acfoogram €environmental problem manifested at Banja distiictthe
(1994) estimated that in 1990/91 Ethiopia was wssalt 15 district, forest resources decreased by 3188.108, ahd
million tons of energy, of which 95% was wood, dungpp  3597.1ha between 1973and 1986, 1986 and 2003, @/t 1
residue and charcoal. For instance, as indicatéiaeicurrent and 2003 respectively. An increasing demand foicalyural
survey 96% of the sample households in the stusly@erived land was the cause for the change of forest ressurcthe
their energy source from fuel wood the rest froovatung  district. Totally, 2501.5ha of the forest resourcesre
and crop residues. The major energy sources ofatka converted into agricultural land between 1973 abi32
presented in Table 14. Woody biomass accountsthéftiel From the examined results, the extent of land useland
needed for domestic cooking and heating. Fuel wiedtie cover in general and forest cover change in pdaticwas
major source of energy since there is no shortédmomass radically changed between 1973 and 2003.. Partigula
fuels for their energy source. According to theveyr type of ~ expansion of agricultural land and decline of Wotiest cover
domestic appliance that the family use for cookiwgt and as well as shrub land were observed. In additibe, areal
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coverage of forest is reduced from time to timenkthe total
area of the district about 6044 ha of land was mxvevith

forest in 1973. But, this figure is declined to 84tha in the
year 2003The socio-economic data analysis; antigenio

factors were identified as major causes for foteser change
in Banja district. To the alarming rate of popwatigrowth

resulted in expansion of agricultural land, demamd fire

wood, Charcoal production and for hose constructibins

conditions leads to further depletion of foresorgses in the
area. Consequently the forest cover reduced whighlyh

contributed to land degradation in the district.

GIS Geographic Information Systems

GLCF Global Land Cover Facilities

GPS Global Positioning System

MSS Multi Spectral Scanning

NDVI Normalized Difference Vegetation Index

RGB Red, Green and Blue

SPOT Satellite Probatoire d’Observation de la Terre
SPSS Software package for social scientists

UTM Universal Transverse Mercater

Author’s Contributions

Hence, to preserve the forest resources from furthe

destruction and to use the forest resources instisiable
manner, farmers should be encouraged to plantgfasting
trees on their farm boundaries, homesteads or gnaded
lands instead of cutting trees from the existinge$t,
introduction of fuel saving stoves instead of usingl wood
in traditional three stone stoves, creating awagaenong the
society regarding to optimum utilization of the det

recourses and conservation systems by concernetksbod

could play significant role in rehabilitation andnimizing of
environmental degradation.
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