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The aim of this study is to compare the changes that occurred in the main urban landcover classes of Ulaanbaatar city, Mongolia, during a centralized economy with those
that occurred during a market economy and to describe the socio-economic reasons for
the changes. For this purpose, multi-temporal remote sensing and geographical
information system (GIS) data sets, as well as census data, are used. To extract the
reliable urban land-cover information from the selected remotely sensed data sets, a
reﬁned parametric classiﬁcation algorithm that uses spatial thresholds deﬁned from
local and contextual knowledge is constructed. Before applying the classiﬁcation
decision rule, some image fusion techniques are applied to the selected remotely sensed
data sets to deﬁne the most eﬃcient fusion method for training sample selection and for
deﬁning local and contextual knowledge. Overall, the study indicates that during the
centralized economy signiﬁcant changes occurred in a ger area of the city, whereas
during the market economy the changes occurred in all areas.
Keywords: urban change; ger area; Mongolia; classiﬁcation; image fusion

1.

Introduction

In recent years, cities all over the world have experienced rapid growth because of the
signiﬁcant increase in world population and the ﬂow of people from rural to urban areas.
Speciﬁcally, larger towns and cities in developing nations have experienced rapid
population increases and many are facing the emergence of unplanned and uncontrolled
settlements at their fringes (Amarsaikhan et al. 2001, Amarsaikhan 2005). When urban
areas expand, natural areas such as forests and grassland, as well as some agricultural
lands, are transformed into housing, industry and infrastructure. Moreover, rapid
urbanization processes followed by an industrialization process can contribute to other
environmental changes, such as increases in the urban heat island eﬀect and increased
water and air pollution (Tachizuka et al. 2002).
To prevent rapid urban expansion, especially from the unplanned urbanization
process, urban planners and decision-makers need to regularly evaluate development
procedures using updated urban planning maps. However, many city planners in
developing countries lack access to updated maps and often rely on old data that are not
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relevant (Amarsaikhan et al. 2001, Amarsaikhan 2005). One possible solution is the use of
remotely sensed images with diﬀerent spatial and spectral resolutions. Over the past few
years, remote sensing platforms, techniques and technologies have evolved. System
capabilities have greatly improved. Meanwhile, the cost of many of these data sets has
drastically decreased. Now the highest spatial resolution image can be acquired with
centimetres-accuracy, whereas the ordinary high-resolution images can be acquired with a
few metres accuracy (Amarsaikhan and Sato 2003). It is now possible to extract diﬀerent
thematic information at various scales, to integrate the extracted information with other
historical data sets stored in a GIS and to conduct sophisticated analyses.
Mongolia, as is the case with many countries of the developing world, has a problem
with rapid urban expansion and the growth of population in the main cities. In general,
much of Mongolia’s urban growth has taken place since the middle of 1970s, because, at
that time, the government encouraged migration to urban areas, speciﬁcally to
Ulaanbaatar, in the belief that this would increase the industrialization and productivity
in the country. To accommodate the growing population in the capital city, the
government mainly constructed high-rise apartment blocks. However, the number of
apartments fell well short of satisfying the demands of the growing population. Therefore,
rural people migrated to Ulaanbaatar, and set up gers (portable dwellings) for their
accommodation. The gers districts were usually established in urban fringes. This created a
unique culture in Ulaanbaatar, making it the only capital city in the world that has a
mixed culture of modern civilization and nomadic culture. The history of the Mongol ger,
goes back to about 2500–3000 B.C. and it is still used as dwelling everywhere in Mongolia.
The gers situated in urban areas are surrounded by fences that occupy usually 600–
800 m2. The families living in ger districts usually have houses made of brick or wood
beside their gers. A Mongol ger and a typical example of a ger district represented in a
Quickbird image are shown in Figure 1(a and c).
In 1990, Mongolia entered market economy and it totally changed the lives in the
society. 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
became a dream location for many rural people. Therefore, many rural families oﬃcially
and unoﬃcially moved to Ulaanbaatar. As a result, the population of Ulaanbaatar

Figure 1. A Mongol ger (a) and a typical example of a ger district in Ulaanbaatar represented in a
Quickbird image of 2002 (b) (1-ger and 2-house).
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increased signiﬁcantly and the city area expanded rapidly. To analyse such changes,
urban planners need detailed and regularly updated maps. However, if there are no such
maps, then an updated map generated through an information extraction procedure
from remotely sensed data with an acceptable resolution can (at least) give them an
impression about the changes in the city.
In general, it should be interesting to study the urban growth in Ulaanbaatar city
comparing the growth that occurred during the main industrialization period (1969–
1990) when Mongolia had a centralized (i.e. socialist) economy to changes that occurred
during the market economy. For this study, changes that occurred in Ulaanbaatar
between 1969 and 1990 were compared with the changes that occurred between 1990 and
2001 using historical GIS data as well as multi-temporal remotely sensed images, and the
socio-economic reasons for the changes were described. Such comparisons may be
helpful for the planners to consider directions of the urbanization process and how it
impacts the population and society in both spatial and socio-economic terms. To extract
the reliable urban land-cover information from the selected remotely sensed data sets, a
reﬁned parametric classiﬁcation algorithm that uses spatial thresholds deﬁned from the
local and contextual knowledge was used. Before applying the classiﬁcation decision
rule, some image fusion techniques were applied to the selected remotely sensed data sets
to deﬁne the most eﬃcient fusion method that creates the best colour image for training
sample selection and for deﬁning local and contextual knowledge.
2.

Test site and data sources

Ulaanbaatar is situated in the central part of Mongolia, on the Tuul River, at an average
height of 1350 m above sea level. It is home to nearly 1 million inhabitants (National
Statistical Oﬃce of Mongolia 2007). The city is surrounded by the mountains which are
spurs of the Khentii Mountain Ranges. Founded in 1639 as a small town named Urga,
today it has prospered as the main political, economic, business, scientiﬁc and cultural centre
of the country. The part of the capital city selected here for study is about 28 km 6 20 km.
It covers the majority of the area belonging to the capital city, although there are some areas
extending outside of the selected image frame. For the selected area, land-cover classes such
as building area, ger area, forest, grassland, soil and water can be identiﬁed.
Landsat TM data acquired on 10 September 1990 with a spatial resolution of 30 m,
SPOT PAN data acquired on May 1990 with a spatial resolution of 10 m and Landsat
ETM þ data acquired on 31 August 2001 were used. The ETM þ data consisted of a
panchromatic band resampled to a pixel resolution of 14 m and seven multi-spectral bands
resampled to a pixel resolution of 28 m. In addition, topographic maps of 1969 and 1984
(1:50,000), and a general urban planning map were available. Figure 2 shows the recent
look of the test area in the ETM image and some examples of its land cover.
3. Radiometric correction and georeferencing of the panchromatic and multi-spectral
images
All the available images were thoroughly analysed in terms of radiometric quality and
geometric distortion. For the SPOT PAN data some line dropouts occurred, whereas the
panchromatic band of the ETM þ data had some radiometric noise. To correct the error
in the SPOT PAN data, pixel values in lines above and below the bad lines were averaged.
For the panchromatic band of the ETM þ data, a 3 6 3 average ﬁlter was applied to the
entire image. In case of the multi-spectral images, band 1 (i.e., blue band) of both TM and
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Figure 2. 2001 ETM image of Ulaanbaatar area (red, band 5; green, band 4; blue, panchromatic
band). The size of the displayed area is about 28 km 6 20 km.

ETM þ had noise from the atmosphere and they were, therefore, excluded from the
analysis. Likewise, the TM and ETM þ thermal bands were excluded from the further
analysis.
To merge data sets with diﬀerent spatial resolutions, high geometric accuracy and good
geometric correlation between the data sets are needed. Initially, the panchromatic image of
the ETM þ data was georeferenced to a UTM map projection using a topographic map of
1984 (1:50,000). The ground control points (GCP) were selected on well-deﬁned cross-sections
of roads, streets and other clearly delineated sites. In total, 16 regularly distributed points were
selected. For the transformation, a second-order transformation and nearest neighbour
resampling approach were applied (RMSE ¼0.92). To georeference the other images, 16
regularly distributed GCPs were selected on each image comparing the locations of the
selected points with other information such as the already georeferenced panchromatic image
of the ETM þ and the selected topographic maps. Then, the images were successively
georeferenced to the UTM map projection using the topographic map of 1984. For the actual
transformations, a second-order transformation and nearest neighbour resampling approach
were applied. The RMS errors of the image transformations were 0.98 for the SPOT PAN,
0.65 for the TM and 0.79 for the ETMþ. In each case, the image was resampled to a pixel
resolution of 14 m.
4.

Image fusion

The test area is a complex urban environment. In the area, the three main land-cover
classes (building area, ger area and soil) have similar spectral characteristics. Therefore, to

Downloaded By: [Amarsaikhan, D.] At: 09:23 27 July 2009

Geocarto International

261

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
were 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 local and contextual knowledge about the classes of objects.
After applying radiometric correction and georeferencing procedures, data with diﬀerent
spatial resolutions can easily be integrated. The image fusion is the integration of diﬀerent
digital images to create a new image and obtain more information than can be separately
derived from any of them (Pohl and Van Genderen 1998, Ricchetti 2001). In the case of the
present study, for the urban areas, the panchromatic images provide more spatial information
because of their higher spatial resolution, whereas the multi-spectral images provide the
information about the spectral variations of the urban classes. In this study, the fusion was
performed at a pixel level and the following methods were applied: (a) Brovey transform, (b)
intensity–hue–saturation (IHS) transformation, (c) principal component analysis (PCA) and
(d) texture enhancement. Detailed reviews of these techniques are given in Pohl and Van
Genderen (1998), Richards and Jia (1999), Mather (1999), Gonzalez and Woods (2002),
Amarsaikhan and Douglas (2004) and Amarsaikhan and Sato (2004).
To obtain a reliable colour image that can illustrate the spectral and spatial variations
of the selected classes of objects, diﬀerent band combinations were used. The image
created by the Brovey transform illustrated good colour separation among the selected
classes, whereas images created by the IHS and texture enhancement methods were not
useful for distinguishing between some ger areas and soil class. The PCA image
demonstrated a better result than any other methods, because it illustrated good colour as
well as spatial separations among the available classes. Therefore, for both data sets, the
PCA images were selected for determining the sites for the training sample selection as well
as for deﬁning the local and contextual knowledge about the classes of objects.
The PCA was performed using the available panchromatic and multi-spectral bands
and the results are shown in Table 1. As can be seen from Table 1, PC1 of the 1990 data
sets is dominated by the variance of the middle-infrared bands, whereas PC2 is dominated
by the variance of the near-infrared band, though the red band has a high negative
loading. TM5 has a contribution to the PC3, however, TM4 has a very high negative
loading in it. In the case of 2001 data sets, PC1 is also dominated by the variance of the
middle-infrared bands, but the red band has a contribution, too. The PC2 in these data
sets is dominated by the variance of the middle-infrared band, though the red band has a
high negative loading. PC3 shows a high negative loading from the near infrared band,
however, panchromatic and middle infrared bands have almost equal amount of negative
and positive loadings in it. Furthermore, it can be seen from Table 1 that the ﬁrst three
PCs in both data sets contain almost 99% of the total variance. The inspection of other
PCs indicated that they contained noise from the total dataset. Therefore, they were
excluded from the ﬁnal analysis. Figure 3 shows the comparison of the multi-temporal PC
images.
5. Classiﬁcation of the images
The high-resolution multi-spectral remotely sensed images such as Landsat and SPOT can
provide reliable and updated information for monitoring of land-cover changes related to
urbanization at a regional scale, whereas the very-high resolution images such as IKONOS
and Quickbird can provide the most reliable real time information at a local scale. Over the
years, multi-spectral remotely sensed data sets have been widely used for urban land-cover
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Table 1.

Principal component coeﬃcients.
PC1

PC2

PC3
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Coeﬃcients from SPOT PAN and ﬁve bands of the TM
SPOT PAN
0.1699
70.1732
70.2545
TM2
0.1817
70.3279
70.2795
TM3
0.3127
70.6001
70.3482
TM4
0.2929
0.5579
70.7142
TM5
0.7453
0.3260
0.3972
TM7
0.4459
70.2910
0.2604
Eigenvalue
1148.40
114.89
43.71
Variance %
86.43
8.65
3.29

PC4

PC5

PC6

0.9243
70.1063
70.2379
70.1846
0.0978
70.1842
13.07
0.98

0.1427
70.1967
70.3176
0.2369
70.4129
0.7831
7.14
0.54

70.0379
0.8551
70.5131
70.0502
0.0136
0.0359
1.38
0.11

70.2505
70.0237
70.1684
0.5086
70.4994
0.6325
6.93
0.36

0.0508
70.8144
0.5602
0.1259
70.0645
70.0134
3.62
0.19

Coeﬃcients from panchromatic and ﬁve multi-spectral bands of the ETM
ETM PAN
0.1753
0.0170
70.4346
70.8453
ETM2
0.2837
70.4046
70.2658
0.1454
ETM3
0.4500
70.6056
70.1630
0.2486
ETM4
0.1260
0.3663
70.7135
0.2572
ETM5
0.5917
0.5787
0.1136
0.2201
ETM7
0.5657
70.0074
0.4378
70.2962
Eigenvalue
1728.17
147.41
46.06
8.81
Variance %
89.04
7.59
2.37
0.45

mapping at a regional scale and for the generation of land-cover information, diverse
classiﬁcation methods have been applied. The early methods mainly involved supervised and
unsupervised methods and hence, many techniques have been developed. At present, the most
commonly used multi-spectral remotely sensed data classiﬁcation techniques are parametric
and non-parametric methods and neural networks (Cortijo and Blanca 1997, Borak and
Strahler 1999, Kavzoglu and Mather 2002, Linderman et al. 2004, Amarsaikhan et al. 2007).
In this study, to extract the reliable urban land-cover information from the selected remotely
sensed data sets, a reﬁned parametric classiﬁcation algorithm that uses spatial thresholds
deﬁned from the local and contextual knowledge was used.
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 in multi-dimensional feature space.
In this study, as the features, the three PCs deﬁned from RS data sets of 1990 and 2001 were
selected because they contained almost 99% of the total variance of the input scenes.
To deﬁne the sites for the training signature selection, initially, from the multitemporal PC images, two to ﬁve areas of interest (AOI) have been selected for each
available class (i.e., building area, ger area, forest, grass land, soil and water) using the
local and contextual knowledge. The local knowledge has been deﬁned from the historical
GIS data sets (i.e., topographic and urban planning maps), whereas the contextual
knowledge was deﬁned based on the spectral variations of the land surface features as well
as the texture information delineated on the PC images. The separability of the selected
training signatures was ﬁrstly checked in feature space and then evaluated using Jeﬀries–
Matusita distance (ERDAS 1999) 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
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Figure 3. Comparison of the multi-temporal PC images. (a) PC image of 1990 data sets (red, PC1;
green, PC2, blue, PC3), (b) PC image of 2001 data sets (red, PC1; green, PC2; blue, PC3).

chosen to form the ﬁnal signatures. The ﬁnal signatures included about 126–498 pixels
(i.e., building area, 397 pixels; ger area, 316 pixels; forest, 298 pixels; grass land, 197 pixels;
soil, 498 pixels; water, 126 pixels).
5.2

The reﬁned parametric classiﬁcation method

For the actual classiﬁcation, the Mahalanobis distance classiﬁer (MDC) has been used.
The MDC is a parametric method, in which the criterion to determine the class
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membership of a pixel is the minimum Mahalanobis distance between the pixel and the
class centre (Richards and Jia 1999).
Initially, to check the performance of the standard method, the selected PCA
features were classiﬁed using the MDC. However, on the classiﬁed images there were
diﬀerent mixed classes between the classes: building area and ger area. This should be
evident, because the previous signature analysis indicated that the signature
distributions of these classes had signiﬁcant overlaps in the multi-dimensional feature
space. To separate the statistically mixed classes, the class speciﬁc features as well as
spatial thresholds (i.e., spatial boundaries) can be applied. The class speciﬁc features
can be determined through the 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 deﬁned from the knowledge about the test area or historical GIS
data sets. The idea of the spatial threshold is that it uses a polygon boundary to
separate the overlapping classes within a selected image frame and only the pixels
falling within the threshold boundary are used for the classiﬁcation (i.e. the
overlapping classes are spatially separated). 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
(spatially) 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 (Amarsaikhan and Sato 2003).
In this study, to separate the statistically overlapping classes, diﬀerent spatial
thresholds determined based on the local and contextual knowledge have been used.
The local knowledge was based on the knowledge about the site as well as the historical
GIS data sets, whereas the contextual knowledge was based on the spectral and textural
variations of the selected classes in diﬀerent parts of the PCA images. To determine the
initial spatial thresholds, ﬁrst the appropriate polygon boundaries related to the selected
classes were deﬁned from diﬀerent parts of the selected image frame based on 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 PC
images based on the contextual knowledge (i.e., deﬁning class boundaries in relation to its
neighbourhood) and added to the initial spatial thresholds, thus creating a set of polygon
boundaries. The results of the classiﬁcations using the deﬁned spatial thresholds are shown
in Figure 4(a and b).
For the accuracy assessment of the classiﬁcation results, the overall performance was
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 (ERDAS 1999). In this study,
as ground truth information diﬀerent AOIs containing the purest pixels were been
selected. The confusion matrices produced for the reﬁned parametric classiﬁcation method
are shown in Table 2. As seen from the confusion matrices, overall accuracy for the 1990
data sets was 91.98%, whereas for the 2001 data sets it was 92.89%, indicating an overall
accuracy of more than 90% for each of the selected classes. A general diagram of the
reﬁned parametric classiﬁcation is shown is Figure 5.
6.

Urban land-cover change analysis

In this study, we wanted to compare the general changes occurred in the main landcover classes (building area, ger area, forest, grassland, soil and water) of Ulaanbaatar
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area during the centralized economy (1969–1990) with the changes occurred
during a market economy (1990–2001) using historical GIS data as well as multitemporal remotely sensed images, and to 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 Gauss-Kruger map projection from a
topographic map of 1969 (1:50,000) (Figure 6). On this topographic map, the areas

Figure 4. Comparison of the classiﬁcation results for the selected classes. (a) Classiﬁed image using
1990 data sets, (b) classiﬁed image using 2001 data sets.
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related to the grassland were not delineated. Therefore, it was not possible to
distinguish between grassland areas and soil classes. The apartments, residential houses,
industrial buildings and all other building areas were included in the building area
class, because on the remotely sensed images it was not possible to distinguish among
these classes, because of 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), the vector map was
rasterized with a pixel resolution of 14 m and then a number of pixels falling into each
of the classes was calculated. Likewise, from the classiﬁed PCA images, the total
number of pixels falling into each of the classes has been calculated. The total areas
related to each class deﬁned from the digitized map as well as classiﬁed multi-temporal
images are shown in Table 3. 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 are 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.
As seen from Table 3, in 1969 in Ulaanbaatar city, the building area and ger area
covered 2498.92 ha and 978.86 ha, respectively, whereas in 1990 these two urban classes
covered 3996.71 ha and 2719.65 ha, 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, whereas in 1990 it had become 574,900. As
seen, within the 21-year period of the centralized economy, the building areas were
increased by only 59.94%, whereas the ger areas were increased more than two-fold.

Table 2.

Confusion matrix produced for the classiﬁed PC images.
Reference data

Classiﬁed data

Building area

Ger area

Forest

Grass land

Soil

Water

PC images of 1990
Building area
1728
102
Ger area
129
1674
Forest
0
0
Grass land
9
16
Soil
43
51
Water
0
0
Total
1909
1843
Overall accuracy ¼ 91.98% (7611/8275)

0
0
1409
36
0
0
1445

0
0
21
746
57
0
824

28
41
0
114
1957
8
2148

0
0
0
3
6
97
106

PC images of 2001
Building area
1802
64
Ger area
79
1783
Forest
0
0
Grass land
18
12
Soil
87
71
Water
0
0
Total
1986
1930
Overall accuracy ¼ 92.89% (7886/8490)

0
0
1387
24
0
0
1411

0
0
32
708
46
0
786

17
36
0
109
2114
0
2276

0
0
0
0
9
92
101
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Figure 5.

A general diagram for the reﬁned parametric classiﬁcation.
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Meanwhile, the population increased by more than two times. These changes are related to
the following:
(1) Because of the industrialization process, many people came from diﬀerent parts of
the country seeking better lives.
(2) During the centralized economy, 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 a much smaller space than the ger parcels. For example, one
apartment block with ﬁve stories which could accommodate 60 families while
occupying about 1000 m2, whereas one family living in a ger district occupied
usually 600–800 m2.
(3) During the centralized economy, many people came from rural sites with
their gers to the city. Although, the government constructed high-rise apartment
blocks, they could not satisfy the growing demands of the increasing
population. Therefore, those people who could not get apartments usually used
their gers as dwelling houses. Therefore, the ger districts underwent this
signiﬁcant expansion.
Furthermore, as seen from Table 3, within the 11-year period since the country entered
the market economy, the building area and ger area had been increased by 20.41% and

Figure 6. Topographic map of Ulaanbaatar area of 1969, scale 1:50,000. The size of the displayed
area is about 28 km 6 20 km.
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Table 3. The total areas for each class in diﬀerent years, evaluated from multi-temporal GIS and
RS data sets.
The total areas for each class in diﬀerent years (ha)
Land cover classes
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Building area
Ger area
Forest
Grass land
Soil
Water
Total

1969

1990

2001

2498.92
978.86
11896.12
Not available
Not available
1078.84
56408.19

3996.71
2719.65
11075.94
11626.26
26273.23
716.40
56408.19

4812.64
4304.26
10324.26
9153.98
27359.04
454.01
56408.19

58.26%, respectively. Meanwhile, forest, grassland and water resources had been reduced,
expanding the areas of bare soil. The reasons for these changes are:
(1) Because of the market economy many people moved to the areas with
good infrastructures, thus increasing the population. For example, census data
indicated that in 2001, the population of the capital city had become 812,500.
(2) 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 the ger districts.
(3) During the market economy, most of the constructed buildings are western cottage
style houses or buildings with few stories, not like the former apartment blocks.
Therefore, they occupied larger areas than the high-rise apartments and also
contributed to the expansion of the city areas.
(4) Currently in Mongolia there is a boom to own land. The new land law issued in
2002 (New Land Law of Mongolia 2002) gives distinct rights to land owners and
they can use their land for receiving bank loans, therefore, the interests of people to
own land parcels have greatly increased.

7. Conclusions
The overall idea of the research was to compare the changes that occurred in the main
urban land cover classes of Ulaanbaatar city, Mongolia during a centralized economy with
the changes occurred during a market economy and describe the socio-economic reasons
for the changes. For this purpose, multi-temporal images and GIS data sets as well as
census data were used.
To extract the reliable urban land-cover information from the available remotely
sensed data sets, a reﬁned parametric classiﬁcation algorithm based on the Mahalanobis
distance classiﬁer that uses spatial thresholds deﬁned from the local and contextual
knowledge was constructed. Before applying the classiﬁcation decision rule, diﬀerent
image fusion techniques such as Brovey transform, IHS, texture enhancement and
PCA were explored to deﬁne the most eﬃcient fusion method that could create the best
colour image used for training sample selection as well as for deﬁning the local and
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contextual knowledge and the PCA images demonstrated better results than any other
methods. As seen from the classiﬁcation results, the spatial thresholds deﬁned from the
local and contextual knowledge could signiﬁcantly improve the performance of the
classiﬁcation and for the accurate classiﬁcation proper spatial thresholds should be
applied.
As seen from the urban land-cover change analysis, during the centralized
economy signiﬁcant changes occurred in the ger area of the city, whereas during the
market economy the changes occurred in both areas. Moreover, as seen from the
analysis, during all this time, the natural resources such as forest and water had been
reduced.
Because of the spatial resolution of the image data sets, the results of this study could
be used for a decision-making process at a regional scale. For detailed analysis, large scale
maps and very high resolution RS images covering all areas should be used.
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