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Mapping Land Cover in the Dead Sea Basin from
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ABSTRACT
A study was carried out to investigate the use of digital classification techniques of Landsat TM imagery to map
vegetation pattern and land cover in the Dead Sea basin. Unsupervised classification methods, K-means and
ISODATA, and density slicing of the Normalized Difference Vegetation Index (NDVI) were applied to the TM
imagery to derive digital maps of land cover in the study area. Output maps were checked and verified in the
field to assess their accuracy and to correct area estimate of each output class. Results showed differences in the
overall accuracy of the three methods with the highest accuracy of 78%, obtained from NDVI method. Mapping
accuracy was also variable at the class level, with lowest mapping accuracy of urbanized areas. Area estimate,
therefore, was corrected using ground data included in the confusion matrices, originally used in accuracy
assessment of maps. Results of area estimate were improved when correction of area estimate was made. The
study suggests the possibility of using remote sensing data to map land cover and emphasize the role of ground
data in correcting output maps.
KEYWORDS: Remote sensing, Unsupervised classification, NDVI, Mapping accuracy.

1. INTRODUCTION
Jordan is characterized by arid to semiarid climate with
noticeable rainfall variation within and among years, where
annual rainfall ranges from less than 50 mm in the eastern
parts of the country up to more than 600 mm in the northwest of the country. The rainfed area in Jordan (areas
receiving more than 200 mm annual rainfall) is limited and
restricted to the western and northern highlands with
vegetation presence being variable through time and space
depending on the actual rainfall (Juneidi and Abu-Zanat,
1993). Thus, for monitoring the vegetation and land cover
of these zones, medium and high-resolution satellite
imagery, with high frequency, is required. Earth
observation systems, particularly Landsat Thematic
Mapper (LTM) has been shown to be effective in mapping
vegetation, land use and land cover in different ecological
zones all over the world (Ayyad et al., 1997; Khreim and
Lacaze, 1997; Baban and Luke, 2000; Hirata et al., 2001).
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Recently, different digital classification techniques of the
TM visible and near infrared bands have been widely used
to map land resources (Harris, 2003; Shupe and Marsh,
2004; Muttitanon and Tripathi, 2005; Yuan et al., 2005).
This research attempts to investigate the use of digital
image processing techniques of Landsat TM imagery to
map land cover in the Dead Sea basin. Specific objectives
of the study are:
1- To compare, evaluate and assess the digital maps of
land cover derived from three classification methods
of Landsat TM imagery.
2- To analyze land cover patterns in the study area.
The first objective provides a possible alternative to
conventional ground surveys that consume time and
money while the second objective provides means for
managing land use in the study area.
Vegetation Mapping from Remote Sensing
Spectral reflectance of healthy vegetation is low in the
red and blue, medium in the green and high in the near
infrared portions of the electromagnetic spectrum
(Lillesand and Kiefer, 2004). Therefore, multi-spectral
images of visible and near infrared bands provide means
for mapping vegetation at local and regional levels.
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Vegetation can be either visually or digitally mapped
from satellite imagery and further field-check is usually
made to verify the output maps. The use of visual
interpretation of satellite imagery is not preferred for
large study areas as it is usually demanding, as far as
effort, time and money are concerned. Therefore, digital
classification of satellite imagery provides alternative tool
for visual interpretation. Additionally, it provides digital
maps that are readily available for further analysis and
studies.
Several studies have shown successful applications of
digital classification of remotely sensed images for
mapping vegetation, land use and cover. Ayyad et al.
(1997) used the supervised classification of Landsat TM
to map vegetation and land cover in Egypt with an overall
accuracy of 90%. The same technique was used in Syria
(Hirata et al., 2001) to produce vegetation and land cover
maps with an overall accuracy of 85%. Supervised and
unsupervised classification techniques were also used to
map vegetation, land cover and use in different study
areas around the world (e.g. Abdalla, 1994; Brondizio et
al., 1996; Grignetti et al., 1997; Miller et al., 1997;
Azzali and Meneti, 2000; Baban and Luke, 2000). Results
from the above studies varied depending on the digital
classification method, vegetation type, accuracy
assessment method and the various land/used image
characteristics.
In Jordan, the Normalized Difference Vegetation
Index (NDVI) derived from Landsat TM images was
used in a number of studies (e.g. Malkawi, 1997; AlQudah, 2000; Al-Momani, 2001) to map vegetation
changes in different parts of the country. These studies,
however, did not provide information about mapping
accuracy and the NDVI values of the different vegetation
types. Another research (Al-Bakri, 2000) in the Jordanian
Badia showed that supervised classification of Landsat
TM produced land cover maps with overall accuracy of
72%. Therefore, further studies are needed to test the
various digital classification techniques in Jordan and to
verify mapping accuracy values of the output maps.
Study Area
The study area is located between 35° 32' 45" E to 36°
11' 16" E longitude and 30° 57' 18" N and 31° 48' 55" N
latitude with an area of 92 km x 62 km (Figure 1). The
area covers the Dead Sea basin and includes the
following bioclimatic zones (Al-Eisawi et al., 2001):
1. Mediterranean: This is restricted to the highlands
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2.

3.

4.

with altitudes ranging from 700 to 1200 m above sea
level and mean annual rainfall ranging from 300 to
600 mm, which is the best rainfall in the study area.
According to MoA (1995), soils of vertic
xerochreptic, entic chromoxerochrept and lithic
xerochrept, as denoted by the USDA-SSS system
(United States Department of Agriculture, Soil
Survey Staff, 1990), dominate this region and
supports the natural vegetation. The rainfed
cultivation includes wheat, barley, summer crops of
chickpea and lentils, in addition to orchards
including olives, peach, plum and apricot. Irrigation
is also practiced in this area with vegetables as the
main irrigated crops.
Irano-Turanian: This dominates the highlands of
altitude ranging from 500 to 700 m and annual
rainfall ranging from 100 to 300 mm. Some natural
vegetation, such as shrubs and bushes, grow on the
sides of wadis where moisture is available. Also,
some rainfed barley cultivation is practiced on the
poor soils of torriorthents types (MoA, 1995).
Irrigation is exercised in different parts of this zone
with groundwater.
Saharo-Arabian: This comprises most of Jordan,
known as the Badia, with altitude of 600 to 700 m
and a mean annual rainfall of less than 100 mm. Dry
hot summers and relatively cold dry winters
characterize this region. The region is classified as
rangeland and provides home to a wide range of
highly diversified adaptive organisms. In addition to
low rainfall, poor soils of Paleorthid dominate this
zone and restrict the growth of plants and/or rainfed
cultivation. Irrigated farms are scattered near
groundwater wells in the eastern parts of this zone.
Sudanian Penetration: This region provides unique
ecosystems as the altitude varies from 400 m below
the sea level (at the Rift Valley and Dead Sea, lowest
point on earth) up to 1200 m in the south. Very hot
summer and warm winter characterize this region
with mean annual rainfall of 50 mm or less. Acacia
sp. in the low-altitude region and scattered shrubs in
the high-altitude region are the dominant vegetation.
Irrigation is taking place in the low altitude region of
Ghor Al-Safi area.

2. MATERIALS AND METHODS
A satellite imagery of Landsat TM, originally
acquired at the end of April 1998, was used in this study.
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Table 1: Spectral bands of Landsat TM image.
Band

Wavelength (µm)

1

0.45-0.52

Blue

2

0.52-0.60

Green

3

0.63-0.69

Red

4

0.76-0.90

Near infrared

5

1.55-1.75

Shortwave infrared

6

10.4-12.5

Thermal infrared

7

2.08-2.35

Mid infrared

The TM imagery had a spatial-resolution of 30 m and
included seven multispectral bands (Table 1) covering
visible to thermal infrared wavelengths of the
electromagnetic spectrum. Image processing techniques
of geometric correction, resampling and registration were
done before carrying out digital classification of the
imagery.
The raw TM imagery was geometrically distorted and
was not in a standard cartographic coordinate system or
projection. Therefore, a geometric correction was applied
to reduce positional errors and to re-project the imagery
in cartographic coordinate system. The raw TM imagery
was geometrically corrected using a geocoded
panchromatic image of SPOT digitally merged with
Landsat TM image, both acquired in 1992. The SPOT
image had a spatial-resolution and a geometrical error of
10 m. The image was originally used by the National Soil
Map and Land Use Project (NSMLUP) (MoA, 1995).
Using the image processing software, image–to–image
correction was applied by identifying well defined and
distributed Ground Control Points (GCPs) on the
geocoded image (SPOT–TM) of 1992 and interactively
allocating the corresponding points on the Landsat TM
imagery of 1998. More than 30 well–distributed GCP’s
were used in a third polynomial transformation model as
follows (Schowengerdt, 1997):
x′ = a0+a1x + a2y + a3x2 + a4xy + a5y2 + a6x3 + a7x2y + a8xy2
+a9y3………………………………………………(1)
y′ = b0+b1x+b2y+b3x2+b4xy +b5y2+b6x3+b7x2y+b8xy2
+b9y3………………………………………………(2)

Nominal spectral location

Where x and y are positions in the output rectified
image, x′ and y′ represent corresponding positions in the
raw image while a’s and b’s are the transform
coefficients. However, before applying the rectification to
the entire image, it was important to calculate the error of
transforming the raw image into a geometrically
corrected one by calculating the Residual Mean Square of
error (RMSerror) for each GCP as follows (Jensen,
2005):
RMS error = ( x − x orig ) 2 + ( y − y orig ) 2 …….….(3)

Where xorig and yorig are the original row and column
coordinates of the GCP in the image and x and y are the
computed or estimated coordinates in the original image
when we utilized the nine coefficients of each transform
(Equations 1 and 2). Points with high error (RMS > 1
pixel) were rechecked and eliminated or replaced before
registration. By this, the Landsat TM imagery was
geometrically corrected with an overall error of less than
one pixel (30 m).
The Landsat TM image was re-sampled to a new
corrected image using the Nearest Neighbour (NN)
resampling method, and was then registered to a new
output image file in the Jordan Transverse Mercator
(JTM) projection system. The study area was then subset
and extracted from the output image to reduce the
extraneous data outside the study area and to speed up
digital image processing. The output from this stage was
a geometrically corrected Landsat TM image with a pixel
size of 30 m. All processing techniques were carried out
using
PCI
(Photogrammetry
and
Cartography
Incorporation) image processing software (PCI, 1998).
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Digital Classification of Image
The aim of the classification process was to categorize
all pixels in a digital image into one of several classes
(clusters) to produce thematic maps of land cover units
present in the image. The following digital image
processing techniques were applied:
1. Unsupervised classification with K-means algorithm.
2. Unsupervised classification with ISODATA
algorithm.
3. Density slicing of NDVI.
The first method is an automated one and serves to
derive spectral categories (classes) by grouping pixels
with similar spectral characteristics. Other statistical
parameters such as the mean and standard deviation of
groups can also be derived. The second method differs
from the first one in that it splits or merges classes based
on standard deviation values; and it may therefore
increase or decrease the number of classes, depending on
the spectral characteristics of the satellite imagery. Both
methods are considered advantageous as they do not
require any previous information about the area being
classified (Schowengerdt, 1997) and include all possible
spectral classes with less ground surveys. The third
method performs grouping of an output NDVI image into
a group of classes that represent land cover. The NDVI
image was produced by applying the following standard
formula (Jensen, 2005):
NDVI =

NIR − R
…………………………………..(4)
NIR + R

Where, NIR and R represent the near infrared (band
4) and the red (band3) channels of the image,
respectively. Values of NDVI are negative for water,
around zero for bare soil and between zero and one for
vegetation. The high vegetation cover results in high
NDVI values (more positive).
Assessment of Classification Accuracy
The expected outputs from the digital classifications
were digital maps representing land cover patterns in the
area (Figure 2). Identification and reclassification were
needed to produce meaningful maps. In this research, a
standard procedure (Congalton, 1991) of stratified
random sampling, sample size, and the assessment
techniques was followed. Several field surveys were
carried out with the aid of hardcopy maps and
navigational Global Positioning System (GPS), with a 5m positional accuracy, to identify classes and compare
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classified images with field data. The output digital maps
were also compared with the existing hard copy land
cover maps (scale of 1:50 000) of the National Soil Map
and Land Use Project (NSMLUP) (MoA, 1995).
Accuracy assessment was made by the confusionmatrix procedure in which a set of random samples of
classified data of the TM imagery and reference data
collected from the field visits were compared (Congalton,
1991). The approach was implemented by selecting
random samples from the classified imagery and
comparing these classified pixels with ground data.
Detailed example on this matrix is shown in Table (4).
The accuracy for each class was calculated by dividing
the diagonal element of bold font in Table (4) with the
total number of samples. The diagonal element of the
confusion matrix represented the agreement between both
classified and ground data. The overall accuracy was
calculated by dividing the total number of all sample
diagonals (agreement) by the total number for all random
samples as follows (Congalton, 1991):

r
∑ X ii
Overall accuracy = i =1
…………………………(5)
N
Where X ii is the observations correct (diagonal
element), N is the total number of samples and r is the
matrix row.
3. RESULTS AND DISCUSSION
Initial results of the unsupervised classifications
showed output maps with 16 classes. Visual inspection of
classes and comparison with the NSMLUP maps, in
addition to field surveys, showed less distinctive classes
in the study region. The final land cover classes for the
unsupervised classification methods are shown in Table
(2).
The same classes were identified for the output map
of the third method (the NDVI density slicing). In this
method, the non-vegetation areas (e.g. water, bare soil
and rocks and urban areas) were merged in one class.
Results showed that land cover could be classified,
according to NDVI, into five distinct classes (Table 3)
including all types of vegetation. Output maps of the
three classifications are shown in Figure 2. Generally,
both unsupervised methods resulted in similar
classifications of land cover in the study area and
different spatial distribution of vegetated areas than with
the NDVI method.
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Table 2: Classification scheme of land cover used with K-means and ISODATA methods.
Class

Description

Water

Part of Dead Sea and small earth dams.

Bare soil

Bare soils where no vegetation or urban structure exist.

Bare rock

Bare rocks, mainly limestone.

Farms

Irrigated orchards including fruit trees and olives. Vegetable grown under drip irrigation.

Medium / high density
field crops

Rainfed wheat in the high rainfall areas and barley in the low rainfall areas with ground cover
more than 35 %.

Low density field
crops/ rangeland

Rainfed barley with groundcover less than 35 %. Sparsely vegetated shrubs and herbaceous
rangeland.

Rangeland/bare rock

Heavily grazed shrub and herbaceous rangelands mixed with exposed rocks.

Urban

Residential, built-up, industrial and commercial areas.

Table 3: Land cover classes derived from the NDVI density slicing method.
Land cover class

NDVI range

Non-vegetation areas

< 1.00 for Water
0.00 for bare soil, rocks and urban

Sparsely vegetated areas

0.00 – 0.04

Low density field crops

0.04 – 0.10

Medium and high density field crops

0.10 – 0.29

Farms

> 0.29

Results of accuracy assessment (Table 5) showed that
the overall accuracy was 67 % for K-means, 71 % for the
ISODATA and 78 % for the NDVI method. Results of
accuracy assessment showed variations in mapping
accuracy among the different classes. The highest
accuracy of the unsupervised classification was 93 % for
farms. This indicated the possibility of separating farms
from other land cover classes in the study area. Other
classes were mapped by unsupervised classification with
less accuracy. The high accuracy of classification of
farms could be attributed to the distinguished spectral
characteristics and the high percentage cover of this class,
particularly under irrigation. The low accuracy for other

classes could be attributed to the mixed patterns of
cultivation and the low groundcover of vegetation.
Generally, all classes were mapped with an accuracy
of 63% or more, except urbanized areas. These accuracy
levels are in line with the results obtained by other
researchers, e.g. Al-Bakri (2000), Brondizio et al. (1996),
Lawan (1996), Miller et al. (1997), with differences at the
class level, depending on ecological zone and land cover
classification schemes. The low mapping accuracy of
urban class could be attributed to the spectral
heterogeneity of urbanized areas which were mixtures of
small residential blocks and landholdings surrounded by
small groups of trees. Such patterns resulted in mixed
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Table 4: Accuracy of various classes obtained from K-means classification.
Reference data

Classified image data

Class

W

BS

BR

F

MHFC

LFC/R

BR/RL

U

Totals

Mapping accuracy
(%)

W

6

--

--

--

--

--

--

--

6

6/6 = 100

BS

2

26

--

5

--

1

--

1

35

26/35 = 74

BR

--

--

145

--

1

5

41

--

192

145/192 = 76

F

--

--

--

26

2

--

--

--

28

26/28 = 93

MHFC

--

--

--

8

160

33

5

10

216

160/216 = 74

LFC/R

--

--

--

--

1

55

23

2

81

55/81 = 68

BR/RL

--

1

17

--

--

65

207

--

290

207/290 = 71

Urban

--

15

1

--

40

32

17

47

152

47/152 = 31

Totals

8

42

163

39

204

191

293

60

1000

Overall accuracy
= 67%

Class abbreviations: W = Water, BS= Bare Soil, BR=Bare Rock, F = Farms, MHFC = Medium & High density Field Crops, LFC/RL =
Low density Field Crops/Rangeland, BR/RL = Bare Rock /Rangeland, U= Urban.

Table 5: Comparison of mapping accuracy (%) of classes obtained with K-means, ISODATA and
density slicing of NDVI.
Class
Non-vegetation areas

K-means
63

ISODATA
67

NDVI
85

Bare rock/rangeland

71

71

81

Low density field crops/range land

68

70

75

Medium/high density field crops

74

83

71

Farms

93

82

73

Overall accuracy

67

71

78

Table 6: Area percentage for the different land cover in the Dead Sea Basin obtained with the various classification
methods before and after the correction of estimate from confusion matrix.
After correction

Before correction
Class

K-means

ISODATA

NDVI

K-means

ISODATA

NDVI

Non-vegetated areas

38

39

35

32

32

33

Bare rock/rangeland

28

28

21

26

26

22

Low density field crops/rangeland

12

11

13

18

17

15

Medium to high density field crop

18

18

25

17

17

19

Farms

3

4

6

7

8

11
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Figure 1: Location of the study area.
pixels at the level of the 30-meter resolution. Similar
findings of low classification accuracy of urbanized areas
were indicated by Al-Bakri (2000).
The overall mapping accuracy was higher for the
NDVI method compared with the ISODATA and Kmeans methods. Accuracy, however, varied from one
class to another within and among the different
classification methods. Unexpectedly, the NDVI method
resulted in higher mapping accuracy for non-vegetation
areas than the unsupervised classification methods. This
could be attributed to the inclusion of distinctive spectral
classes of water, bare soils and rocks in this class.
Medium and high density vegetated areas, on the other
hand, were mapped with higher accuracy by the

ISODATA than the other classification methods. This
could be attributed to the nature of the ISODATA
algorithm which enabled splitting of cluster when its
standard deviation was high or exceeded a threshold
value.
Using the image processing software, the percentage
area of each class was calculated (Table 6). As a result of
variable accuracy, results showed variations in area
estimate of each class. Therefore, it was necessary to
correct area estimate of each class to obtain more
accurate area estimates. Previous researchers, e.g. AlBakri (2000); Gonzáles-Alonso and Cuevas, (1993);
Gonzáles-Alonso et al. (1997); Taylor and Eva, (1992);
Taylor et al., 1997), suggested the use of confusion
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matrices or regression estimator to correct the area
estimate from remote sensing data. The regression
estimator was not used as it required more ground data
and digitizing of ground segments, i.e. it would consume
more time and money. The confusion matrices data,
therefore, were used in this research to correct the area of
each class. Detailed calculations and corrections of area
estimate were shown by Rababa’a (2003). In this method,
the area of a particular class was corrected by multiplying
its area before correction by its mapping accuracy and
adding the proportion of this class included in the other
classes. For example, the area of Urban class (U)
obtained from K-means (Table 4) was corrected as
follows:
Corrected area = area of U × (47/152) + area of BS ×
(15/152) + area of BR × (1/152) + area of MHFC ×
(40/152) + area of LFC/R × (32/152) + area of BR/RL ×
(17/152)
Results showed obvious improvement in area estimate
when correction was made with confusion matrices data.
Areas of the different classes were improved and
variations decreased. This was particularly true with
classes of larger proportions (non-vegetation areas, bare
rock/rangeland). These findings seem to be in agreement
with those reported by Al-Bakri (2000), Taylor and Eva
(1992) and Taylor et al. (1997). Less variations were
observed in area estimates between the K-means and
ISODATA methods before and after correction, while
obvious variations occurred in estimating the area of
farms and medium to high density field crops from the
NDVI method. This could be attributed to the spectral
mixing which resulted in low accuracy of estimation.
Furthermore, comparing the area percentage for each
class before and after correction indicated that the three
methods could result in inconsistent area estimate for
some classes, unless area correction is made. For
example, the use of digital classification and NDVI
methods resulted in the overestimation of the nonvegetation areas and under-estimation of the farms and
vegetated areas. This was mainly due to spectral mixing
of these classes which could be attributed to crop density,

small landholdings and farm sizes and in many cases the
mixed cropping pattern in the area. The non vegetated
areas, on the other hand, were distinct land cover classes
and were mapped with high accuracy, particularly by the
NDVI method.
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ﻤﻠﺨﺹ
ﺃﺠﺭﻴﺕ ﺩﺭﺍﺴﺔ ﻻﺴﺘﻘﺼﺎﺀ ﺇﻤﻜﺎﻨﻴﺔ ﺍﺴﺘﺨﺩﺍﻡ ﻭﺴﺎﺌل ﺍﻟﺘﺼﻨﻴﻑ ﺍﻟﺭﻗﻤﻲ ﻟﺼﻭﺭ ﺍﻟﻤﺎﺴﺢ ﺍﻟﻤﻭﻀﻭﻋﻲ ) (TMﺍﻟﻤﺤﻤﻭل ﻋﻠﻰ ﺍﻟﻘﻤﺭ
ﺍﻟﺼﻨﺎﻋﻲ ﺍﻷﻤﺭﻴﻜﻲ ﻻﻨﺩﺴﺎﺕ ،ﻻﺴﺘﻨﺒﺎﻁ ﺨﺭﺍﺌﻁ ﺍﻟﻐﻁﺎﺀ ﺍﻷﺭﻀﻲ ﻓﻲ ﺤﻭﺽ ﺍﻟﺒﺤﺭ ﺍﻟﻤﻴﺕ .ﺘﻡ ﺍﺴﺘﺨﺩﺍﻡ ﻁﺭﻴﻘﺘﻲ ﺍﻟﺘﺼﻨﻴﻑ ﻏﻴﺭ
ﺍﻟﻤﺭﺍﻗﺏ ﺒﺎﻗﺘﺭﺍﻥ ﺍﻟﻤﺴﺎﻓﺔ ﺍﻟﻰ ﺍﻟﻤﺘﻭﺴﻁ ﺍﻟﺤﺴﺎﺒﻲ ﻭﺍﻗﺘﺭﺍﻥ ﺍﻟﺒﻴﺎﻨﺎﺕ ﺍﻟﻤﺘﻤﺎﺜﻠﺔ ﻭﻁﺭﻴﻘﺔ ﺘﻭﺯﻴﻊ ﻤﺩﻯ ﻗﻴﻡ ﺍﻟﻔﺭﻕ ﺍﻟﻤﻁﻴﻊ ﻟﻠﻤﺅﺸﺭ
ﺍﻟﻨﺒﺎﺘﻲ ) (NDVIﻻﺴﺘﻨﺒﺎﻁ ﺍﻟﺨﺭﺍﺌﻁ ﺍﻟﻤﺫﻜﻭﺭﺓ .ﺘﻡ ﻓﻲ ﺍﻟﺩﺭﺍﺴﺔ ﺇﺠﺭﺍﺀ ﺍﻟﻤﺴﻭﺤﺎﺕ ﺍﻟﻤﻴﺩﺍﻨﻴﺔ ﻟﻠﺘﺄﻜﺩ ﻤﻥ ﺩﻗﺔ ﺍﻟﺨﺭﺍﺌﻁ ﺍﻟﻨﺎﺘﺠﺔ
ﻭﺘﺼﺤﻴﺢ ﻤﺴﺎﺤﺔ ﻜل ﺼﻨﻑ .ﺃﻅﻬﺭﺕ ﺍﻟﻨﺘﺎﺌﺞ ﻓﺭﻭﻗﺎﺕ ﻓﻲ ﻤﺴﺘﻭﻯ ﺩﻗﺔ ﺍﻟﺘﺼﻨﻴﻑ ﺍﻟﻜﻠﻴﺔ ﺒﻴﻥ ﺍﻟﻁﺭﻕ ﺍﻟﺜﻼﺙ ﻤﻊ ﺃﻋﻠﻰ ﻤﻘﺩﺍﺭ ﻤﻥ
ﻤﺴﺘﻭﻯ ﺩﻗﺔ ﺍﻟﺘﺼﻨﻴﻑ ) (%78ﻟﻠﻁﺭﻴﻘﺔ ﺍﻟﺜﺎﻟﺜﺔ .ﺘﺒﺎﻴﻨﺕ ﺩﻗﺔ ﺍﻟﺨﺭﺍﺌﻁ ﻋﻠﻰ ﻤﺴﺘﻭﻯ ﺍﻟﺼﻨﻑ ﻤﻊ ﺍﻟﺤﺼﻭل ﻋﻠﻰ ﺃﻗل ﺩﻗﺔ ﺘﺼﻨﻴﻑ
ﻟﺼﻨﻑ ﺍﻟﻤﻨﺎﻁﻕ ﺍﻟﻤﺩﻨﻴﺔ ،ﻟﺫﺍ ﻓﻘﺩ ﺘﻡ ﺘﺼﺤﻴﺢ ﺍﻟﻤﺴﺎﺤﺎﺕ ﺍﻟﻤﻘﺩﺭﺓ ﻤﻥ ﺍﻟﻁﺭﻕ ﺍﻟﺜﻼﺙ ﺒﺎﺴﺘﺨﺩﺍﻡ ﺍﻟﺒﻴﺎﻨﺎﺕ ﺍﻟﻤﻴﺩﺍﻨﻴﺔ ﺍﻟﺘﻲ ﺘﻡ ﺍﺴﺘﺨﺩﺍﻤﻬﺎ
ﺃﺼﻼ ﻓﻲ ﺘﻘﻴﻴﻡ ﺩﻗﺔ ﺍﻟﺨﺭﺍﺌﻁ .ﻭﻗﺩ ﺘﺤﺴﻨﺕ ﻨﺘﺎﺌﺞ ﺘﻘﺩﻴﺭ ﺍﻟﻤﺴﺎﺤﺎﺕ ﺒﻌﺩ ﺍﺴﺘﺨﺩﺍﻡ ﺍﻟﺘﺼﺤﻴﺢ .ﻭﺃﻅﻬﺭﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺇﻤﻜﺎﻨﻴﺔ ﺍﺴﺘﺨﺩﺍﻡ
ﺒﻴﺎﻨﺎﺕ ﺍﻻﺴﺘﺸﻌﺎﺭ ﻋﻥ ﺒﻌﺩ ﻻﺴﺘﻨﺒﺎﻁ ﺨﺭﺍﺌﻁ ﺍﻟﻐﻁﺎﺀ ﺍﻷﺭﻀﻲ ﻤﻊ ﺍﻟﺘﺄﻜﻴﺩ ﻋﻠﻰ ﺩﻭﺭ ﺍﻟﺒﻴﺎﻨﺎﺕ ﺍﻷﺭﻀﻴﺔ ﻓﻲ ﺘﺼﺤﻴﺢ ﺍﻟﺨﺭﺍﺌﻁ
ﺍﻟﻨﺎﺘﺠﺔ.

________________________________________________
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