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Abstract The aim of this study is to compare the changes that occurred in the main urban land cover classes of
Ulaanbaatar, the capital city of Mongolia during centralized economy (i.e. 1969-1990) with the changes occurred during
market-based economy (i.e. 1990-2011) and describe the socio-economic reasons for the changes. For the analysis,
mu ltitemporalhigh resolution optical and microwave remote sensing (RS) images as well as geographical information system
(GIS) and census data sets are used. To extract the reliable urban land cover information from the available RS data sets, a
refined maximum likelihood classification (MLC) algorithm that uses spatial thresholds defined from the contextual
knowledge is constructed. Before applying the classification decision rule, some ordinary and advanced image fusion
techniques are applied to the selected RS datasets, in order to define the most efficient fusion method that can create the best
color image to be used for training sample selection as well as for defining the contextual knowledge. Overall, the analysis
indicates that during the periods of both centralized and market-based economies the most significant change occurs in the
ger area of Ulaanbaatar city and the main reason for this is the growing population and shortage of modern accommodation.
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development procedures using updated urban planning maps.
1. Introduction However, many city planners in developing countries have a
lack of the updated maps and often they posses old data
At present, because of the rapid increase in world  which is not relevant for current decision-making[3,4]. One
population and the irreversible flow of people fromrural to o the possible solutions could be the use of space images,
urban areas, the urbanization and urban sprawl have become  pecause present satellite RS has the huge potential of
the common problem of governments and decision-makers  roviding accurate spatial information over a large area in a
in both developed and developing countries[1]. As it is  ghort time sequence. Also, it has been broadly recognized as
known, the developed countries have a higher percentage of 5 powerfultool for detecting the land use and cover changes
urban inhabitants than the developing countries. However, [5-9]. Over the last years, the costs for the primary satellite
rapid urbanization process is mainly occurring in less  {ata sets have considerably decreased. Meanwhile, massive
developed countries, and it is expected that in future most  ,rchive of high resolution RS images with acceptable
urban expansions will occur in the developing world.  regolution has been available free of charge in different
Mongolia, as many other developing countries, has problems  [ntemet sites. It means that it is possible to extract from RS
with the urban expansion and the growth of population in the images, different thematic information in a cost effective
main cities. For example, within the last two decades, way and use it for different urban related studies.
Ulaanbaatar, the capital city of Mongolia has been As it is known from a city planning record of Mongolia,
significantly expanded due to mainly enormous migration of  1y,ch of its urban growth has taken place since the middle of
people from rural areas as well as some development 19705 because, at that time, the government encouraged
activities[2]. migration to urban areas, specifically to Ulaanbaatar.
To prevent from the rapid urban expansion, especially  Ajthough, this encouragement was based on the belief to

frorpt.he unplanned urbanization process, urban planners and  j,crease  the industrialization and productivity, the

decision-makers need to regularly evaluate the current government made a strict control over migration, and only
) those who found jobs could move to Ulaanbaatar city. To
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ts. baterdene. mubis@gmail.com (Ts. Bat-Erdene) accommodate the growing population in the capital city, the

Published online at http/journal.sapub.org/ajgis government mainly constructed high-rise apartment blocks.
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satisfying the demands ofthe growing population. Therefore,
when rural people migrated to Ulaanbaatar, set up gers
(Mongolian national dwellings) for their accommodation.
The rapid political changes of 1990 marked the beginning of
Mongolia's efforts to develop market economy. It started to
change the lives in the society very rapidly and the
government stopped controlling of many things[10]. For the
isolated rural people, it had become very difficult to reach
the central market. Meanwhile, many things started to
centralize in the capital city and Ulaanbaatar had become a
dream location for many rural people. Therefore, many rural
families moved officially and unofficially to Ulaanbaatar. As
a result, the population of Ulaanbaatar increased
significantly and the city area expanded drastically.

Generally, it should be interesting to study the urban
growth in Ulaanbaatar city comparing the growth that occur
red during the main industrialization period (1969—1990)
when Mongolia had a centralized (i.e., socialist) economy to
the changes that occurred during the market economy. The
previous study, conducted by Amarsaikhan et al.[4]
compared the changes occurred in the main land cover
classes of selected part of the capital city during centralized
economy with the changes occurred during a certain period
of market economy (i.e., in between 1990 and 2001) using
multitemporal optical images. In the present study, the
changes that occurred in Ulaanbaatar between 1969 and
1990 have been compared with the changes that occurred
between 1990 and 2011 using historical GIS data as well as
multisource RS images, and the socio-economic reasons for
the changes were described. Such comparisons could be
helpful for the planners to consider directions of the
urbanization process in the city.

To extract the reliable urban land cover information from
the selected RS data sets, a refined MLC algorithm that uses
spatial thresholds defined from the contextual knowledge
was used. Before applying the classification decision rule,
some some ordinary and advanced image fusion techniques
such as multiplicative method, intensity—hue—saturation(IHS)
transformation, Brovey transform, principal component
analysis (PCA), wavelet-based fusion and Ehlers fusion were
applied to the selected RS data sets, in order to define the
most efficient fusion method that creates the best color
image used for training sample selection as well as for
defining the contextual knowledge.

2. Test Site and Data Sources

As a test site, Ulaanbaatar, the capital city of Mongolia
has been selected. Ulaanbaatar is situated in the central part
of Mongolia, in the Tuul River valley, at an average height
of 1350m above sea level. By 2011 statistics, population of
the city was counted at about 1,250,000 inhabitants[11].
Today’s Ulaanbaatar is the main political, economic,
business, scientific and cultural center of the country. In
addition, the city is home to the central government and its
bureaucratic structure, and the most prominent public and

private institutions of higher learning and best medical
services.

The study area chosen for the present study covers an area
of 28kmx20km. It covers the majority ofthe area belonging
to the capital city, although there are some areas extending
outside of the selected image frame. For the selected area, it
is possible to define such classes as built-up area, ger arca
(Mongolian traditional dwelling), forest, grass, soil and
water. The built-up area includes buildings of different sizes,
while ger area includes mainly gers surrounded by fences.

1-built-up area; 2-ger area; 3-forest; 4-grass; 5-soil; 6- water
The size of the displayed area is about 28kmx20km
Figure 1. 2011 Landsat TM image of the selected part of Ulaanbaatar city

As the data sources, Landsat TM data of 10 September
1990 with a spatial resolution of 30m, SPOT PAN data of
28 May 1990 with a spatial resolution of 10m, Landsat TM
data of 20 September 2011 with a spatial resolution of 30m,
and Envisat C-band HH polarization synthetic aperture radar
(SAR) image of 17 May 2011 with a spatial resolution of
25m were used. In addition, topographic maps of 1969 and
1984, scale 1:50 000, and a general urban planning map were
available. Figure 1 shows recent outlook of the test area in
the Landsat TM image and some examp les of'its land cover.

3. Radiometric Correction and
Georeferencing of the RS Images

At the beginning, all the available images were thoroughly
analyzed in terms of radiometric quality and geometric
distortion. For the SPOT PAN data of 1990 some line
dropouts occurred and for the correction, averaging of the
upper and lower lines of the lines that had to be corrected
was applied. In case of the multispectral images, band 1 (i.e.,
blue band) of both Landsat TM data had noise from the
atmosphere and it was difficult to correlate their radio metric
values with other bands. Therefore, they were excluded from
the analysis. Moreover, as band 6 of TM and bands 61 and 62
of ETM are thermal bands, they were excluded from the
further analysis, too.

In case of the SAR images, as they have a speckled
appearance, radiometric correction should be based on the
speckle reduction techniques. In this study, four different
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speckle suppression techniques such as local region,
lee-sigma, frost and gammamap filters[12] of 3x3 and 5x5
sizes were compared in terms of delineation of urban
features and texture information. After visual inspection of
each image, it was found that the 3x3 gammamap filter
created the best images in terms of delineation of different
features as well as preserving content of texture information.
In the output image, the speckle noise was reduced with very
low degradation of the textural information.

In order to merge data sets with different spatial
resolutions, a high geometric accuracy and good geometric
correlation between the data sets are needed. Initially, the
SPOT PAN image and Landsat TM data of 1990 were
georeferenced to a UTM map projection using a topographic
map of 1984, scale 1:50 000. The ground controlpoints(GCP)
have been selected on well defined cross sections of roads,
streets and other clearly defined sites. In total, 16 more
regularly distributed points were selected. For the
transformation, a second order transformation and nearest
neighbour resampling approach have been applied. The root
mean square (RMS) errors were 0.98 pixel and 0.83 pixel for
the SPOT and Landsat images, accordingly. Then, the
Landsat TM data and Envisat image of 2011 were
georeferenced to a UTM map projection using the same
topographic map of 1984. The transformations were
conducted by the use of a second order transformation and
nearest neighbour resampling approach and 18 more
regularly distributed GCPs were selected. The RMS errors
were 0.71 pixel and 1.09 pixel for the Landsat and Envisat
images, respectively. In all cases, an image was resampled to
a pixel resolution of 18m.

4. Image Fusion

In the present study, the selected test site represents
complex urban environment. In the area, the three main
classes such as building area, ger area and soil have similar
or mixed spectral characteristics. Therefore, in order to
enhance the spectral and spatial variations of these
statistically overlapping classes as well as to merge the
images with different spatial resolutions, different image
fusion techniques have been compared. Within the
framework of the study, it was decided that the fused image
should be used for determining the sites for the training
sample selection and also for defining the contextual
knowledge about the classes of objects.

The image fusion is a process, which integrates different
images from diverse sources to obtain more information,
considering a minimum loss ordistortion of the original data.
In the case of the present study, for the urban areas, the
optical images provide the information about the spectral
variations of different urban features, while the radar image
provides structural information about buildings and street
alignment due to the double bounce effect. Over the years,
different data fusion techniques have been developed and
applied, individually and in combination, providing users

and decision-makers with various levels of information.
Generally, image fusion can be performed at pixel, feature
and decision levels[4,13].

Figure 2. Comparison of the images obtained by the PCA applied to 1990
data sets (a) and wavelet-based fusion appliedto 2011 data sets (b)

In this study, data fusion has been performed at a pixel
level and such techniques as multiplicative method, IHS
transformation, Brovey transform, PCA, wavelet-based
fusion and Ehlers fusion, were compared. Detailed
descriptions of these methods are given in Vrabel[14],
Pajares and Cruz[15], Seetha et al.[16], Ehlers et al.[17],
Mather and Koh[18]. As there are optical and microwave
datasets, a fusion approach requires certain strategy, because
some of these techniques are appropriate to apply to
multisource images. Therefore, the first 4 methods were
applied to the data sets of 1990, while the last 4 methods
were applied to the data sets of 2011.

In order to obtain a reliable color image that can illustrate
the spectral and spatial variations of the available urban
classes, different band combinations have been used. In case
of the 1990 data sets, the Brovey transformed image
illustrated good color separation among the selected classes,
while on the images created by the multiplicative and THS
methods, it was very difficult to distinguish between some
ger areas and soil class. The PC image demonstrated a better
result than any other methods, because it illustrated good
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color as well as spatial separations among the available
urban classes. Therefore, this result was selected for
determining the sites for the training samp le selection as well
as for defining the contextual knowledge about the classes of
objects in the 1990 data sets.

In case of the 2011 data sets, the worst result was obtained
by the use of the Ehlers fusion, because the fused image
could not distinguish among statistically overlapping classes
at all. The Brovey transformed image was better than the
image obtained by the Ehlers fusion, but on the image it was
not easy to differentiate between builtup area and ger area.
The PCA gave a better result than the results of the Brovey
transform and multip licative method. The PC image could
distinguish between builtup area and ger areca as well as
between ger area and soil. However, unlike the result of the
wavelet-based fusion, it was very difficult to observe the
spread of the ger districts in urban fringes. Compared to all
other results, the wavelet-based fusion gave the best result.
On this image, it was possible to distinguish among all
statistically overlapping classes and also observe the spread
of the ger districts. Therefore, this image was selected for
furtheranalysis. Figure 2 shows the comparison ofthe results
obtained by the PCA applied to 1990 data sets and
wavelet-based fusion applied to 2011 images.

5. Classification of the Images

For several decades, single-source multispectral RS data
sets have been successfully used for land cover mapping and
for the generation of thematic information, diverse
supervised and unsupervised classification methods have
been applied. Unlike single-source images, data sets from
multiple sources have proved to offer better potential for
discriminating between different land cover types. Many
authors have assessed the potential of multisource images for
the classification of different land cover classes[19-21]. At
present, the most commonly used RS data classification
techniques are parametric and non-parametric methods,
Dempster—Shafer theory of evidence, neural networks,
decision tree classifier, and knowledge-based methods
[22-24].

In recent years, rapid and timely mapping of urban areas,
specifically at regional and global scales has become an
important task for many urban planners. This is associated
with the rapid urbanization process, because the planners and
decision-makers need to evaluation the related environm
ental and social problems[25]. However, in most cases urban
areas are complex and diverse in nature and many features
have similar spectral characteristics and it is not easy to
separate them by the use of common feature comb inations or
by applying ordinary techniques[26]. For the successful
extraction of the urban land cover classes, reliable features
and an efficient classification technique should be used. In
the present study, for the classification of urban land cover
types, a refined statistical MLC algorithm has been
constructed. The method can be successfully used for

separation of classes in both single-source and multisource
images.

5.1. The Selected Features and Evaluation of the
Training Signatures

Generally, in the classification process, it is desirable to
include only the features in which the signatures of the
selected classes are highly separable from each other in a
mu ltidimensional feature space. In case of the present study,
as the features, the first three PCs defined from RS data sets
0f 1990 and the first four PCs defined from data sets 0f2011
have been selected because, they contained more than 98%
of'the total variance.

In the current study, to define the sites for the training
signature selection, a similar approach applied in
Amarsaikhan et al.[4] has been used. Initially, from the
multitemporal PC images, several areas of interest (AOI)
have been selected foreach available class (i.e., building area,
ger area, forest, grass land, soil and water) using the
contextual knowledge. The contextual knowledge was
defined on the basis of the spectral variations of the land
surface features as well as the texture information delineated
on the fused images. The separability of the selected training
signatures was firstly checked in feature space and then
evaluated using Jeffries—Matusita distance[12] and it
revealed that high statistical overlaps exist between the
classes: building area and ger area. It is obvious, because ger
families usually have houses beside their gers. Therefore,
these two classes have very similar spectral characteristics.
Then, the samples which demonstrated the best possible
separability were chosen to form the final signatures. The
final signatures included about 126-498 pixels.

5.2. The Refined MLC Method

The MLC is the most widely used classification technique,
because a pixel classified by this method has the maximum
probability of correct assignment[27]. The decision mle
assuming Bayes' rule can be written as follows:

P(Ci|x) = P(x|Ci)*P(Ci)/P(x) (D
where P(Ci|x)-posterior probability, P(x/Ci)-conditional
probability, P(Ci)-prior probability, P(x)-probability of finding
a pixel from any class. The actual classification i performed
according to P(Ci|x) > P(Cj|x) for all j#i.

Within the framework of this study, for all classes equal
prior probabilities have been assigned. To conduct a
classification decision rule, for each class label a conditional
probability that is approximated by a multivariate probability
density function, should be evaluated. For this purpose, the
sample mean vectors, determinants and variance-covariance
matrices for each class are estimated from the selected
training signatures. Then, every pixel in the digital image is
evaluated using the maximum likelihood and the class label
is assigned to the pixel that has the maximum probability.

At the beginning, in order to check the performance of the
standard method, the selected PC bands (i.e. PC1, PC2 and
PC3 for 1990 data sets, PC1, PC2, PC3 and PC4 for 2011
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data sets) were classified using the statistical MLC. As could
be seen from the results, on the classified images there were
different mixed classes between the classes: building area
and ger area. This should be apparent, because the previous
signature analysis indicated that the signature distributions
of these classes had significant overlaps in the
mu ltidimensional feature space. To separate the statistically
mixed classes, the class specific features as well as spatial
thresholds can be applied. The class specific features can be
determined through a feature extraction process, however,
the application of this approach would become difficult if
there is a fewer number of bands. The spatial thresholds can
be determined on the basis of historical thematic spatial data
sets or from knowledge about the site. In the case of digital
image analysis, it can be defined from polygon boundaries
stored in a GIS layer.

In order to improve the traditional MLC, the constructed
classification algorithmuses spatial thresholds defined from
the contextual knowledge. The contextual knowledge is
based on the spectral and textural variations of the selected
classes in different parts of the selected fused images and the
thresholds are applied to separate the statistically
overlapping classes. It is obvious that a spectral classifier
will be ineffective if applied to the statistically overlapping
urban classes, because they have very similar spectral
characteristics. For such spectrally mixed classes,
classification accuracies should be improved if spatial
properties ofthe classes ofobjects could be incorporated into
the classification criteria. To determine the initial spatial
thresholds, firstly the appropriate polygon boundaries related
to the selected classes were defined from the historical GIS
data sets. As these polygon boundaries represented old
information, it was necessary to update them. For this
purpose, new polygon boundaries were defined from the
fused images (i.e. PC and wavelet-based) on the basis of the
contextual knowledge (i.e., defining class boundaries in
relation to its neighbourhood) and added to the initial spatial
thresholds.

When thresholds apply only the pixels falling within the
threshold boundary are used for the classification. In that
case, the likelihood of the pixels to be correctly classified
will significantly increase, because the pixels belonging to
the class that overlaps with the class to be classified using the
threshold boundary are temporarily excluded from the
decision making process. In such a way, the image can be
classified several times using different threshold boundaries
and the results can be merged[26]. The results of the
classifications using the defined spatial thresholds are shown
in figure 3a,b.

For the accuracy assessment of the classification results,
the overall performance has been used. This approach
creates a confusion matrix in which the selected reference
pixels are compared with the classes in the classified image
and as a result, an accuracy report is generated indicating the
percentages of the correspondence[12]. In this study, as
ground truth information, different AOIs containing the
purest pixels (ie., 8275 pixels for 1990 image and 8298
pixels for 2011 image) have been selected. The confusion
matrices produced forthe refined MLC classification method
indicated overall accuracy of 91.98% for the 1990 data sets,
while for the 2011 data sets it was 93.12%.

Grass land Soil Water

Forest

Ger area

Building area
Figure 3. Comparison ofthe classification results for the selected classes.
(a) Classified image using 1990 data sets, (b) Classified image using2011
data sets

As the classification accuracies exceed 90%, these results
can be firmly used for further analysis or update of a land
cover layer within a GIS. A flowchart for the constructed
refined MLC method is shown is figure 4.
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6. Urban Land Cover Change Analysis
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Figure 5. Digitized topographic map of Ulaanbaatar area of 1969, scale 1:50 000

The present study aimed to compare the general changes
occurred in the main land cover classes (i.e., building area,
ger area, forest, grass land, soil and water) of Ulaanbaatar
area during the centralized economy (i.e., in between 1969
and 1990) with the changes occurred during a market
economy (ie., in between 1990 and 2011) using
multitemporal RS and GIS data sets, and explain the
socio-economic reasons for the changes.

Initially, to create the primary historical GIS data, the
classes: building area, ger area, forest and water were
digitized in a UTM map projection from a topographic map
of 1969, scale 1:50 000 using ArcGIS (figure 5). On this
topographic map, the areas related to the grassland were not
delineated. Therefore, it was not possible to distinguish
between the areas covered by grass and soil classes. The
apartments, residential houses, industrial buildings and all
other building areas were included in the building area class,
because on the selected satellite images it was not possible to
distinguish among these classes, due to their very similar
spectral characteristics. However, using ground truth data
and knowledge about some local areas one can observe that
the main industrial areas are mainly distributed in the
southern part of the city and some are located in the western
part.

To define the total area of each class expressed in hectares
(ha) from the classified PC images, the number of pixels
falling into each of'the classes has been calculated. Then, the
defined number of pixels was multiplied by the area that each
pixel covered. To conduct the same calculation on the
digitized vector map, the areas of the classes have been
automatically calculated using ArcGIS. The total areas

related to each class defined from the classified
multitemporal RS images as well as digitized map are shown
in table 1. Although, we have census data of Ulaanbaatar city,
it is not possible to directly relate it to the current analysis,
because our study area does not cover all the areas from
where the final census data is collected. However, as the test
area covers the majority of the area belonging to the capital
city, it is possible to use the census data for a comparison of
the general population increase with the actual urban
expansion process.

Table 1. The total areas for each class in different years, evaluated from
multitemporal GIS and RS data sets

Thetotal areas for each class in different years
Landcover (ha)
classes 1969 1990 2011
Building area 249892 3996.71 5236.09
Ger area 978.86 2719.65 8613.16
Forest 11896.12 11075.94 8209.97
Grass land Not available 11626.26 3104.65
Soil Not available 26273.23 30687.74
Water 1078.84 716.40 556 .58
Total 56408.19 56408.19 56408.19

As seen from table 1, in 1969 in Ulaanbaatar city, the
building area and ger area covered 2498.92ha and 978.86ha,
respectively, whereas in 1990 these two urban classes
covered 3996.71ha and 2719.65ha, respectively. Moreover,
it is seen that the forest and water resources had been reduced.
The available census data indicated that in 1969 the
population of the capital city was 267 400, while in 1990 it
had become 574 900. As seen, within the 21 year period of
the centralized economy, the building areas were increased
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by only 59.94%, whereas the ger areas were increased by
more than two-fold. Meanwhile, the population increased by
more than 2 times[4]. These changes are related with the
following:

1) As a result of the industrialization process, many people
came from different parts of the country, specifically from
rural sites seeking better lives and jobs. This resulted in a
mechanic increase of urban population as well as city areas.

2) When the industrialization process was in its high, the
government constructed mostly high-rise apartment blocks
with many stories to accommodate the growing population.
These residential blocks, although they could house the
families of many ger districts, occupied much smaller space
than the ger parcels. For example, one apartment block with
five stories which could accommodate 60 families occupied
just about 1000m’, while one family living in a ger district
occupied usually 600m>-800m’, because the gers in urban
areas are surrounded by fences. The comparison of a single
high-rise apartment building and a ger family can be clearly
seen on a modern day very high resolution RS image and it is
illustrated on a Quickbird image of 2011 (Figure 6).

Figure 6. Comparisonofthe areas covered by a single high-rise apartment
building and a ger family (Quickbird image of 2011)

3) During the centralized economy, many people came
from rural sites with their gers to the city and used them as
dwelling houses. Moreover, the graduates from higher and
other educational institutions located in Ulaanbaatar city
who could not get apartments usually setup the gers for their
living. Although, the government constructed high-rise
apartment blocks, they could not satisfy the growing
demands of the increasing population. Therefore, the ger
districts underwent this significant expansion.

Furthermore, as seen from table 1, within the 21 year
period since the country entered the market economy, the
building areas were increased by 31%, while the ger areas
were increased by more than three fold. Meanwhile, forest,
grass land and water resources had been reduced, expanding
the areas of bare soil. The previous study, conducted by
Amarsaikhan et al.[4] had found that within an 11 year
period of a market economy, in the Ulaanbaatar city the
building area and ger area had been increased by 20.41% and

58.26%, respectively. However, the current study has
revealed that over recent years, the ger areas in the capital
city have been significantly expanded, specifically in the
urban fringes. The reasons for these changes are:

1) Since the country entered the market economy, rural
people started to face the diminished and worsened social,
cultural and health services. Therefore, they started to move
to the capital city which had more improved services in all
aspects.

2) At present, in Mongolia there are far more than 100
higher educational institutions having total of about 170,000
students. Most of these educational institutions are
concentrated in Ulaanbaatar and many students from rural
areas come to study here. However, many rural families
having one or few children come to the capital city when
their child becomes a student and they do not go back.

3) During the market economy many people preferred to
move to the areas with good communication and
infrastructures, thus increasing the population. For example,
census data indicated that in 2011, the population of the
capital city had reached 1,250,000.

4) Since the country entered the market economy, the
government has not constructed new residential apartments.
The apartment prices of the existing construction companies
are very high, so, most people cannot afford them. Therefore,
most people moving to Ulaanbaatar built up their gers
surrounded by fences, thus significantly expanding ger
districts.

5) During the market economy, many people constructed
western cottage style houses or buildings with few stories for
their living, although some construction companies also built
up some high-rise apartment blocks. Therefore, both types of
buildings also contributed to the expansion of the city areas.

6) The new land law issued in 2002[28] gave distinct
rights to land owners and they can use their land for
receiving bank loans and for other economic and
development related purposes. Therefore, the interests of
people to own land parcels have greatly increased,
meanwhile drastically increasing the land prices.

7. Conclusions

The overall purpose of the research was to compare the
changes that occurred in the main urban land cover classes of
the Mongolian capital city during a centralized economy
with the changes occurred during a market economy and
describe the socio-economic reasons for the changes. For
this aim, multitemporal high resolution optical and
microwave RS images as well as GIS and census data were
used.

To extract the reliable urban land cover information from
the selected multisource RS data sets, a refined maximum
likelihood classifier that uses spatial thresholds defined from
the contextual knowledge was constructed. Before applying
the classification decision rule, some ordinary and advanced
image fusion techniques were explored in order to define the
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most efficient fusion method that could create the best color
image used for training sample selection as well as for
defining the contextual knowledge. It was seen from the
classification results that the spatial thresholds defined from
the contextual knowledge could considerably improve the
performance of the classification and for the accurate
classification, proper spatial thresholds should be applied.

As could be seen from the urban land cover change
analysis, during the periods of both centralized and
market-based economies significant changes occurred in the
ger area of the city and ger districts mainly extended in
northern and eastern parts of the Ulaanbaatar city. Moreover,
as seen from the analysis, during all this time, the natural
resources such as forest and water had been reduced.
Furthermore, it was seen that a spatial resolution of the used
RS data sets allowed to conduct the analysis at a regional
scale and the results could be useful for the planners and
decision-makers to consider directions of the urbanization
process in the capital city.
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