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Abstract: Mapping land use/land cover (LULC) changes at negfigcales is essential for a
wide range of applications, including landslidegseon, land planning, global warming etc.
LULC alterations (based especially on human aaisjt negatively effect the patterns of
climate, the patterns of natural hazard and socom@mic dynamics in global and local
scale. In this study, LULC changes are investigatgdusing of Remote Sensing and
Geographic Information Systems (GIS) in Rize, Ndftst Turkey. For this purpose, firstly
supervised classification technique is applieddadsat images acquired in 1976 and 2000.
Image Classification of six reflective bands of th@ndsat images is carried out by using
maximum likelihood method with the aid of groundtltr data obtained from aerial images
dated 1973 and 2002. The second part focused @huse land cover changes by using
change detection comparison (pixel by pixel). lirdhpart of the study, the land cover
changes are analyzed according to the topographictgre (slope and altitude) by using
GIS functions. The results indicate that severed l@over changes have occurred in
agricultural (36.2%) (especially in tea gardenshan (117%), pasture (-72.8%) and forestry
(-12.8%) areas has been experienced in the regittveln 1976 and 2000. It was seen that
the LULC changes were mostly occurred in coasteasrand in areas having low slope
values.
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1. Introduction

Land use/land cover (LULC) changes play a majag nolthe study of global change. Land use/land
cover and human/natural modifications have largedulted in deforestation, biodiversity loss, globa
warming and increase of natural disaster-floodity 6, 7]. These environmental problems are often
related to LULC changes. Therefore, available aatd ULC changes can provide critical input to
decision-making of environmental management andnahey the future [8, 16].

The growing population and increasing socio-ecolgomecessities creates a pressure on land
use/land cover. This pressure results in unplaaneduncontrolled changes in LULC [18]. The LULC
alterations are generally caused by mismanagenfiericultural, urban, range and forest lands which
lead to severe environmental problems such aslidedsfloods etc.

Remote sensing and Geographical Information Sys{&is) are powerful tools to derive accurate
and timely information on the spatial distributiohland use/land cover changes over large ared; [4,
17, 27] Past and present studies conducted by iaagaoms and institutions around the world, mostly,
has concentrated on the application of LULC chang®$ provides a flexible environment for
collecting, storing, displaying and analyzing digjilata necessary for change detection [23, 6, 25].
Remote sensing imagery is the most important degaurces of GIS. Satellite imagery is used for
recognition of synoptic data of earth’s surface][22ndsat Multispectral Scanner (MSS), Thematic
Mapper (TM) and Enhanced Thematic Mapper Plus (EJdata have been broadly employed in
studies towards the determination of land covecesih972, the starting year of Landsat program,
mainly in forest and agricultural areas [3]. Thehrarchive and spectral resolution of satellitegesa
are the most important reasons for their use.

The aim of change detection process is to recoduiteC on digital images that change features of
interest between two or more dates [15]. Therenary techniques developed in literature using post
classification comparison, conventional image défdiation, using image ratio, image regression, an
manual on-screen digitization of change principaimponents analysis and multi date image
classification [12]. A variety of studies have aglkbed that post-classification comparison was found
to be the most accurate procedure and presenteablttantage of indicating the nature of the changes
[13, 24]. In this study, change detection compuerigixel by pixel) technique was applied to thedla
use\land cover maps derived from satellite imagery.

The aim of the study is to analyze LULC changesgisiatellite imagery and GIS in Rize Province
(North East Turkey) neighboring to Black Sea. Inlesrto achieve this objective, Landsat Multi-
spectral Scanner (MSS) and Enhanced Thematic Ma&ipsr(ETM+) data acquired on July 1976 and
July 2000 were used. Maximum likelihood classifimatand change detection comparison strategy
was employed to identify LULC changes.

2. Study Area

The study area covers Rize which is located betw€&0’ and 4220’ N latitudes and 4®2’ and
41°28' E longitudes in the Northeastern Black Sea Begi Turkey. The area includes about a half of
the Province of Rize (the whole coastal part ofeRind the area that reaches by 30 km of distance to
the inner part, starting from the coast). The stda is characterized by a high steep and rougdirte



Sensor008 8 6190

with a mountainous area of 78% and an altitude gingnfrom 0 to 2000 m. It is on the Northeastern
Black Sea Region in Turkey covering an area of t®(Figure 1). Rugged terrain is dominant in the
province because of mountains that start to ineréa@sn coastal part to the Black Sea. The flatsarea
are very few except from the exits of narrow vallegions where the rivers reach to the sea [11].

Figure 1. Location of the study area
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Between the years 1975 and 2000, the rainfall wasemwed between 1700-2700 mm and the
average of annual rainfall was 2199.3 mm (averag#all is 735 mm for Turkey). Figure 2 shows the
mean annual rainfall in Rize between the years 1&Y% 2000. The peak of rainfall amount is in
October (301.3 mm), and the driest month is A@#.{mm). This region is the most rainfall area in
Turkey. The coldest month is February (83 and the hottest one is AugustfZ3 in Rize. The mean
of yearly temperatures, calculated based on apenigd, is 14,£C [21].

Rize has a very rich hydrographic structure duentderground water resources. There are 25 rivers
that are longer than 5 km in the boundaries ofRfmvince of Rize. However only 16 of these rivers
reach to the Black Sea and the rests are branmheobf those rivers.

Most of Rize province is covered by tea gardensfarekt areas. The forest areas cover the most of
the middle part of the whole province from easivest, while the tea gardens are mostly locatetien t
coastal parts. Starting from 1917, tea plantat&s theen continuously increased up to present @y [1

Because of the geographical structure of the poayirthe residential areas are densely located
throughout the coastal region and most of the @jmuis live in that part of the province. Most bét
population of the city lives in the residential@sevhich densely located throughout the coastabmeg
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Figure 2. The mean annual rainfall of Rize region duringplkeod of 1975 to 2000.
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On the other hand, since the suitable residenti@hsaare inadequate, residences are scattered
around in the inner parts of the province. While thopulation of Rize was 315.000 in 1970, it
increased to 365.938 in 2000 [20]. Rize is onegbegraphical regions experiencing landslides and
floods in Turkey. The essential reasons of landslidnd floods occurred in the area are rain density
rough terrain, defrostration, improper reconstiutictivities in the regions that are under thedhof
natural disasters. Additionally, since the teans of the important agricultural products in Turkend
mainstay of people in the region, the tea agricaltbas spread out and become prevalent in an
unplanned and uncontrolled manner especially iestoareas by destroying forests.

3. Methods

3.1. Data

Landsat MSS and Landsat ETM+ (path 185, row 31)ewesed in this study. The Landsat ETM+
image (10 July 2000) was downloaded from USGS Hadbkources Observation Systems data centre
and Landsat MSS image (09 July 1976) was provided bommercial data provider. The dates of
both images were chosen to be as closely as pesdsilthe same vegetation season. 90 X 30 km of
subset was used from these Landsat images. LaMf3&thas a 79 m and Landsat ETM+ 28.5 m
spatial resolution. All visible and infrared ban@xcept the thermal infrared) were included in the
analysis. Remote sensing image processing wasrperfbusing ERDAS Imagine 9.1.

Other materials used are aerial photos and startdpofjraphic maps. The training sites and test
sites maps, generated from aerial photo interpoetam 1973 and 2002, were digitized for the gdal o
creating a spatial database. Digital Elevation Mo@2EM) was produced from the standard
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topographic maps with the scale of 1/25.000. DEM weeated by using ArcGIS 9.2 GIS software.
Slope and elevation maps were generated by using.Mixel dimensions of this Slope Map are
50x50 m.

3.2. Remotely sensed imagery and pre-processing

Landsat 2000 image was geo-referenced (Universaisizerse Mercator-UTM, WGS84) to the map
(topographic maps with the scale of 1/25.000 armtlpced by the General Directorate of Mapping),
with an RMS error of less than 30 m by using ndamegyhborhood resampling method. The Landsat
1976 image was then geo-referenced to the 2000eirfiatage to image registration), with an error of
less than 80 m. The radiometric corrections andesyatic errors were removed from the data set
providers.

3.3. Image classification and accuracy assessment

In this study, totally, seven LULC classes werealelished as agriculture, bare soil, coniferous,
deciduous, pasture, urban and water. Descriptidhexfe land cover classes are presented in Table 1.
Two dated Landsat images were compared supervissgifecation technique. In the supervised
classification technique, two images with differemdites are independently classified. Accurate
classifications are imperative to insure preciseange-detection results [10]. A Supervised
classification method was carried out using tranareas and test data for accuracy assessment.
Maximum Likelihood Algorithm was employed to detéog land cover types in ERDAS Imagine9.1.

Table 1.Land cover classification scheme

Land
Cover Description
Classes
Pasture Areas consisting of arid lands with shegetations

Bare soil | Areas with no vegetation cover, stock quarry, stony
areas, uncultivated agricultural lands

Water Sea, river, lake
Urban Residential, commercial, industrial, transgoon and
facilities
Agricultur | Almost all are green tea gardens, small size cadh| a
e fruit gardens that are generally located in teaejas

Coniferou | Coniferous forest, trees that don’t patch off (ser
S scotch pine etc)

Deciduous| Deciduous forests, mixed forests with higher dgrit
trees (alnus tree, linden tree, chestnut tree etc.)

[en)
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Figure 3. The classification images of land use\land condRize (A:1976, B:2000).
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Accuracy assessment was critical for a map gercefeden any remote sensing data. Error matrix is
in the most common way to present the accurachefctassification results [8]. Overall accuracy,
user’'s and producer’s accuracies, and the Kappistatavere then derived from the error matrices.
The Kappa statistic incorporates the offdiagonanants of the error matrices and represents
agreement obtained after removing the proportiomgreement that could be expected to occur by
chance [24].

4. Results and Discussion

4.1. Land use\land cover classification and accyrac

In this study, 104 polygons for Landsat ETM+ and @#lygons for Landsat MSS 1976 were
randomly selected to assess classification accufia@dyle 2 is the error matrix, along with the oVlera
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accuracy and the Khat coefficient. The overall agcy of classification image dated 1976 was 84,4%
and that of the image dated 2000 was 87,1% anHdppa coefficient was 82.3% and 83,6%. In 1976
and 2000 classification, user’'s and producer’s eas of individual classes were extremely high,
ranging between 76% and 100%, and 75% and 100%ctsply. The accuracies of classification
were turned out to be better than expected. Cieasdn operations became harder especially since
there are only aerial images but no ground truth tfzat belong to 1973 and 2000. But having many
tea gardens, located in coastal areas, made itbpp$s asses the classification results reliaBiyce

tea plant is short, tea gardens are sometimeselbaatder deciduous with large leaves. Therefore,
deciduous and agricultural classes (especiallygéedens) were mixture more than other classes. The
classified images of land cover for 1976 and 2Q@0saown in Figure 3.

Table 2. Accuracy assessment for supervised classificatidmndsat MSS 1976 and Landsat
ETM+ 2000

Accuracy assessment of the Landsat MSS 1976

LULC |A D C BS P U w Total  PA (%)
A 429 |53 0 0 11 0 0 493 87,0
D 46 627 |45 |0 6 0 0 724 86,6
C 0 95 395 |0 0 0 0 490 80,6
BS 9 0 0 143 |22 12 0 186 76,9
P 36 9 0 8 210 |0 0 263 79,8
U 2 1 0 21 3 254 |0 281 90,4
W 0 0 0 0 0 0 152 152 100,0
Totals |522 |785 |[440 [172 |252 |266 |152 2589

CA(%) [82,2 |79,9 [89,8 |83,1 |833 |955 |100,0 |85,4

Overall accuracy=84,4% Kappa coefficient=82,3%

Accuracy assessment of the Landsat ETM+ 2000

LULC |A D C BS P U w Total PA (%)
A 685 [100 |0 14 3 1 0 803 85,3
D 92 969 (26 |3 0 1 0 1091 |88,8
C 2 107 |331 |0 0 0 0 440 75,2
BS 20 2 0 251 |12 12 0 297 84,5
P 27 7 0 9 246 |0 0 289 85,1
U 4 0 0 38 4 750 |0 796 94,2
W 0 0 0 0 0 0 52 52 100,0
Totals [830 [1185 |357 [315 265 |764 |52 3768

CA(%) |825 |818 [92,7 |79,7 |92,7 |98,2 |100,0 |87,1

Overall accuracy=87,1%,Kappa coefficient=%83,6
Note: A=agriculture, D=deciduous, C=coniferous, B8re soil, P=pasture, U=urban, W=water
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4.2 Land use\land cover change in Rize

The LULC classification results are summarizedthar years 1976 and 2000 in Table 3. From 1976
to 2000, agricultural areas, urban areas and lmérensreased 137030 ha (36.2%), 1859 (117.0%) and
2494 (174.9%) respectively. On the other hand dexid, pasture, and coniferous decreased 7.029 ha
(8.3%), 5.568 ha (72.8%) and 5.115 ha (50.2%) atsdy. 60% of total tea production of Turkey
was realized in study area [5]. Therefore, the gkann tea gardens in the course of time are nimant
the changes lived in agricultural areas in 24 yeassseen in Table 3, while the areas well qualifier
agriculture was 37859 ha in 1976, this number emed 36.2% and became 51562 ha in 2000. On the
other hand there was a 12144 ha decrease in fmesst (deciduous and coniferous) in that thosesarea
decreased from 94761 ha to 82617 ha. The increasgricultural areas (13703 ha) and the decrease in
forest areas (12144 ha) are approximately the sdimese given data expressly state that the increase
in agricultural areas mostly result in deforestatwhich means some forest areas were removed and
converted to tea gardens in the region.

Table 3. Summary of Landsat classification area statigticd4976 and 2000

Land cover 1976 2000 Relative Change
class ha % ha % ha %
Agriculture 37859 17.4| 51562 23.7] 13703 6.3
Deciduous 84577 38.8)] 77548 35.6/ -7029 -3.2
Coniferous 10184 4.7 5069 23| -5115 -24

Bare soil 1426 0.7 3920 1.8 2494 1.1
Pasture 7645 3.5 2077 1.0f -5568 -2.5
Urban 1589 0.7 3448 1.6 1859 0.9
Water 74689 34.3] 74345 34.1 -344 -0.2

Agricultural lands were mostly located in the regiwith 0-500 m of altitude and a decrease
occurred in agricultural area with the increasaliitude. Since the mountains start right after ska
coast, there are forest areas in the coastal registudy area. As these areas are mostly rugped, t
can be used as neither residential nor agricultmads. The forest areas are densely located in the
regions with 1000 m of altitude in the study araag the forest area is more than the other kinds of
lands in places with high altitude.

The change detection matrix for the time periodveen 1976 and 2000 was produced using pixel
by pixel method (Table 4). The lands convertediadriculture area are covered by mostly deciduous
(22680 ha), pasture (3987 ha) and coniferous (hBJ4As seen in change matrix the lands converted
to agriculture area are mostly the lands coverdt deciduous plants. These lands were converted in
to tea fields in especially densely populated @a®gions (Figure 3 and 4). On the other hand the
lands converted to the deciduous class are magtigudture, coniferous and pasture land classes Th
conversion especially occurred in tea fields irah@reas because of the migration to the citiess Th
issue is explained is section 4.3 in more detdtilss clearly seen in the matrix that coniferous an
deciduous classes are mixed. The most importarsoneaf this is that coniferous and deciduous
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classes are one within the other. The lands coedex the bare soil class are mostly agriculture,
deciduous and pasture classes. As seen in thexntfagribare soil determined in both 1976 and 2000
are quite less. This may stem from the changesu@ $oil location in the course of time. Thesel$an
usually consist of filled land in the coastal aremsd sand and gravel areas in the bank of streams.
Since the coasts were expanded by filling materia&s bare soil in these regions hit in differelaices

in 1976 and 2000. Similarly, since the lands deieed to be bare soil in the bank of streams in6197
were converted to residential areas in 2000, the sf the overlapping areas were calculated to be
quite less. Moreover, except from tea fields, ttpecaltural areas in the form of arable fields feainin

the areas close to the residential regions wereerted in to bare soil in 2000. 5568 ha of pasture
areas were disappeared because of the pressugei@flaire and deciduous class of lands. There are
conversions to urban class from all kinds of classielands, but the conversion from coniferous was
relatively less. A long with the increase in popiala, the area of Rize city center was enlargedhiey
conversion of neighboring agriculture areas inewidential areas. Similarly, because of the strirgju
pressure on river bank regions and coastal areas,doil in those areas was converted in to resalen
areas. The water areas converted in to residearials were originated from filling the coastal area
and opening those places for housing.

Table 4.Change matrix of land use land cover (ha) in 11@78000

Year 1976
Land cover Change
class A D C BS P U w Total rate (%)
A 22896 22680 1144 402 3987 452 1 51562 36.2
D 11700 56997 6604 92 2065 51 39 77548 -8.3
§ C 102 2724 2204 3 33 3 0 5069 -50.2
N BS 1594 1001 125 135 828 141 96 3920 174.9
P 682 867 85 10 422 10 1 2077 -72.8
u 880 300 22 579 310 923 434 3448 117.0
w 5 8 0 205 0 9 74118 74345 -0.5
Total 37859 84577 10184 1426 7645 1589 74689 217969

Note: A=agriculture, D=deciduous, C=coniferous, B8re soil, P=pasture, U=urban, W=water

The areas that changed in the course of time astlyrlocated in the coastal areas. As a matter of
fact the changes in lands from forest to agricaltarea are experienced in these regions most. This
increase is denser in the regions extending taripads about 5 km from the coast. In the surroogpdi
area of city center of Rize and its west parts, itioeease in agricultural areas was seen mora. It i
because of the fact that tea plantation and promugtere fostered by government between the years
1960 and 1990. Since the region’s economy wasdjresdied on tea production, this support resulted
in a decrease in forest areas, especially in tmeowoding sections of the residential areas in an
uncontrolled manner. Urban areas also increasddanmiatio of 117% in the study areas along with the
increase in population. This increase mostly o@ulin the coastal parts and within the centers of
districts (Figure 4). On the other hand, some charggcurred in pasture areas, located in the region
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with 1500-2000 m of altitude, in the study regionthe course of time. In this context, approximatel
5.568 ha of decrease occurred in pasture area2.48d ha of increase occurred in bare soil. Aelittl
bit pasture area was naturally turned in to foasstome trees were planted in the pasture.

4.3. Analyzing LULC changes according to topography

The relationship between land use\land cover apdgi@phy, in the time period of 1976-2000, was
analyzed by using Digital Elevation Model (DEM). fBee all else, how land use\land cover was
changed in the course of time was determined aowptd elevation. The results of analysis of land
cover in 1976, performed according to altitude,gven in Figure 5. According to Figure 5, residaint
areas are mostly located in regions with 0-250 raltiudes. It is because of the fact that theaeds
quite rugged, and as a result of this rough strectonly small flat areas, located in the coastal
sections, and valley channels can be used as néisidareas. Transportation is one of the important
problems for the region because of rugged topogragthucture [2]. Therefore, Rize city center and
districts are located in the coastline. During dtassification of Landsat MSS image data, it was
impossible to detect the small residential places t low spatial resolution of MSS image in the
region where scattered residential properties anairmant.

Figure 4. Example of Land use\land cover map with elevat®nCoastal area of 1976,
B) Coastal area of 2000, C) high mountainous afe®@6, D) high mountainous area
of 2000.
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The LULC for 2000, which are formed according te #ititude, are seen in Figure 6. Agricultural
areas were densely located in regions with 0-5Qff aititude as it was in 1976. The values show that
agricultural areas are decreased with the incrgaaititude (Figure 4). It is because economic and
social living conditions are harder in small resiti@ places located in regions with high altitude.
Areas that can be used for agricultural activiies also very limited. Therefore, the populatiomwél
villages located in regions with high altitude isry low. Along with the industrialization process,
starting from 1970s, an important migration moveme&sok place from rural regions to the
metropolitan cities and this migration processiatsended yet [1]. Consequently some areas, used fo
agricultural activities in patches in 1976, natlyr&lirned in to forest areas when it came to ther yé
2000. Likewise, forest areas are denser in rureli®des located in the regions with 0-1250 m of
altitude. Bare soil class is decreased with irgirgpaltitude.

Figure 5. Land use\land cover values that belong to 1976rdatg to altitude.
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When the changes in residential areas are coma@ntding to altitudes, distinctive residential
properties can be found out. The study showsrdsadlential areas were located near the coast@0-25
m) in 2000 and 1976. Besides, residential areag werstly located in the regions with 0-250 m of
altitude in 24 years time period. The agricultuaedas were also increased in coastal regions (0-500
m). However, forest areas were decreased in therregith 0-500 m of altitude, but they were
increased in the regions with altitude higher tB&9 m (Figure 4). While the bare soil areas were
decreased in coastal regions, they were increaskigiher rural parts. Pastures on the other hamd we
decreased in all regions with different altitudes.

The study area is a quite sloping region. Thereflared cover changes are investigated according to
slope in Figure 7 and 8. Densely populated resigleareas fall in to the region with 0-20% slope
value in 2000 and 1976. But in 2000, the residéati@as were fairly increased in regions with 28650
slope value. In 24 years time period, while thede#tial areas were increased 200% in regions @vith
20% slope value, the rate of increase were 330%&gions with 20-50% slope value. Forest areas
(deciduous and coniferous) are having lower sladeeswere most densely located in regions with 20-
60% slope values. It is seen that forests thatifiatb 0-30% slope value interval were decreased in
2000. Despite this, Figure 8 shows that forestsamare increased in the regions with a slope value
higher than 40% when compared to 1976. It is bezai the fact that, since the areas with lower
slope values is extremely limited in the regioresth areas were mostly used for agricultural aisvit
or for residential purposes. Pasture areas werergiiy decreased in all the regions with different
slope values.

Figure 7. Land use\land cover and Slope in 1976
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Figure 8. Land use\land cover and Slope in 2000
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5. Conclusion

This paper aims investigating land use/land cohanges occurred in Rize between 1976 and 2000
using remote sensing and GIS. The LULC changes amaized according to both slope and altitude.
The main change observed for the time period 0618100 was that the area of agriculture (mostly
green tea) was increased approximately 13700 ltbfaaast area was decreased approximately 12100
ha. 60% of total tea production in Turkey was penfed in the study area. Since the tea agriculture
was fostered by government between 1960 and 1980 whe agricultural areas were increased in
lands near coastal sections in an uncontrolled ,fdorest areas were decreased in the same rate.
Especially coastal sections and valley channeldherenostly changed regions. In the related and low
sloping regions (0-20%), forest areas were decdeasatrary to increasing agricultural area. The
regions having high altitudes were exposed tolfotalrerse changes. In regions having altitude dngh
than 750m, contrary to decreasing agricultural gréaest areas were increased. The most important
reason for this is that the migration from ruradas to urban areas. Since there were very limield a
uneconomic agricultural areas in rural areas lacateregions with high altitudes, and some tea
gardens were abandoned, those unexploited areasnagurally turned in to forest areas. Moreover,
the climate pattern of the region is very suitdbleforestation.

Another subject is some difficulties faced in detgring LULC using remotely sensed data in the
study area. The mountainous and sloping topogragthicture of the region and complex vegetation of
the area and negative climate conditions are tbengisl reasons for those difficulties. For tldagon,
it was quite hard to find usable (not cloudy) daeelmages. There were also some other problegts th
had stemmed from using different sensor technado(geatial resolution and spectral resolution) in
comparing Landsat MSS and ETM data, and in detextioin of land cover. These problems were tried
to be eliminated by independently applying supediglassification change detection technique to
both images.
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