Advances in Engineering Research, volume 206
Proceedings of the Environmental Science and Technology International Conference (ESTIC 2021)

Urban Expansion Survey by Fractal Dimension
(Case of Khovd Town, Mongolia)
Myagmartseren Purevtseren1,*, Myagmarjav Indra2, Ganpurev Dashlegtseg1,
Chinbat Badamdorj1, Davaakhuu Battumur1, Ulziibayar Dorjbaatar2
1

Department of Geography, National University of Mongolia, Ulaanbaatar, Mongolia
Department of Land Management, Mongolian University of Life Sciences, Ulaanbaatar, Mongolia
*
Corresponding author. Email: myagmartseren@num.edu.mn
2

ABSTRACT
This study summarizes the dynamics of urban expansion and urbanization in the recent 20 years in Khovd town,
Khovd province of Mongolia. The study used fractal geometry to describe urban land use in Khovd using a
geographic information system (GIS), and applied the relation of area and perimeter index to measure urban
expansion and demonstrate the potential for improving urban planning studies. The urban planning process takes
into account the shape of the city, the area perimeter ratio, each land use spatial distribution, and the geometry of
urban extent. The shape, land patches distribution, and expansions of the urban area were analyzed based on the
created feature layers of the GIS. The GIS feature layers were developed based on the data sets from cloud-free
Landsat 5,7,8 images acquired for the nearest same month time frame 2000, 2010, and 2020. The expansion of
Khovd town showed relatively stable development and formed a correct shape extent and the areal expansion of
urban area was 3238 ha or average annual growth of 162.4 ha/year in 20 years, while perimeter growth was
43325 m (2166 m/year), representing quite compact and relatively stable expansion. Overall, the research
indicated that the GIS and remotely sensing methods were more effective to analyse the urban expansion
(especially fractal geometry) as well as the urban spatial metric study.
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1. INTRODUCTION
Urbanization is a phenomenon of increasing the
number of populations living in cities and the role of
cities in social development, and the transition from
the social organization of land use in the form of
agriculture to the form of urban use. Many of the
world's largest cities have expanded into
agglomeration as they merge with neighbouring
cities. Changes in urban forms and land use are often
the direct or indirect result of economic and social
change in a country or region. Although cities cover
less than 5% of the world's land surface, more than
half of the world's population lives in urban areas. In
40 years, 66.2% of the 3.2 million people have settled
in cities, and the scale and intensity of urban
expansion are significant in Mongolia. These changes
have led to an increase in the number of motorized
vehicles, air and water pollution, electricity
consumption, a reduction of agricultural land, and the
loss of biological diversity [1].

Mongolia is a post-communist country, and like
many other countries (such as post-socialist
countries), planning was very simple, fast, and
uninterrupted in each stage of the government-lead
project, without any public participation. Physical
planning and scientific research using fractal
dimensions and density indices are just beginning in
Mongolia. Most land use planning studies are
conducted without urban fractal analysis, and such
studies are very rare in Mongolia. Since the early
1990s, remote sensing (RS) and GIS data sets along
with other statistical data have been used as the basis
for urban land use planning in Mongolia. [1].
In general, many researchers have discovered and
modified many metrics to measure urban expansion,
depending on the definition of urban expansion and
density. Expansion measurements were a common
method, but basic measurements were used, and the
trend of scientists is beginning to study the internal
structure of the city and its dynamics [2; 3; 4; 5]. The
spatial patterns of each city are unique and cannot be
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effectively described by conventional measures such
as length and height. From a RS images, the city
shape resembles a unique form and often shows
irregularities and complexity with several different
dimensions [6].
The fractal dimension index is an accepted
method in international urban research and is
especially important for accurately determining urban
expansion. Concepts from fractals can be used to
optimize the spatial structure of cities in future urban
planning [7]. Existing urban development
information, land use change processes, and fractal
dimensions of land use are essential to urban
planning and provide a "decision key" to future
development [8; 9].
Urban forms and urban land use are different and
have a diverse structure compared to the general
cartographic shape on a small-scale map.
Geometrically, it should be presented in fractal terms.
The word ‘fractal’ is derived from ‘frangere’, which
means ‘breaking’ or creating uneven fragments [10;
11; 12; 14; 15]. Euclidean geometry defines only
integer dimensions (i.e., 0, 1, 2,.) while fractal
geometry is using fractional dimensions [16; 17; 18].
Simple dimensions are not sufficient to study urban
expansion, internal land use patterns, suburban
changes, morphology, and territorial boundaries [19;
20; 21; 22; 23; 24; 25]. Natural objects have fractal
dimensions, such as the Koch curve, and urban
coverage represents two or three dimensions [26; 27].
Urban expansion generally leads to an increasing
cost in the economy, social unfair and environmental
problems [28; 29], and one of the possible solutions
is the “compact city” development and planning.
Compact urban shape extent is one of the most
effective solutions for sustainable development under
the rapid growth of urbanization [30].
The adjective word “compact” means closely
settled together within a comparatively minor space.
In two dimensions, a compact shape is a numerical
quantity degree to which a shape is compact [31; 30].
The concept of a “compact city” was first proposed
by Dantzig and Saaty in 1973 [32], and since then a
methodology of measuring urban compactness has
been an interesting topic in urban study [33; 30].
A compactness ratio is a key urban geography
index for research on urban spatial expansion extent.
As quoted by Fan [34] from Chu, changes in urban
density will reflect the trend of urban spatial
expansion regimes: “as the city develops rapidly, the
compactness ratio will decrease; The compactness

ratio will increase as the city is in the process of
internal filling and reconstruction” [34].
Researchers are beginning to focus on the use of
RS and GIS, one of the most advanced methods
available today to track urban change over time and
predict the future trends [35; 25; 36; 37].
The aim of this study is to measure the shape of
the Khovd town and prove the 20-year time-series
change of spatial expansion through the fractal
geometry of urban land use with the help of
mathematical procedures and GIS analysis.

2. MATERIAL AND METHOD
The study area is located in the north-western part
of Mongolia (i.e. geographic point location
N48000'15'' of latitude and E 91038'26'' of longitude.),
at an altitude of 1380 meter above sea level. Khovd
town is considered as a major hub for the western
economical region and political administration.
The shape, land patches distribution, and
perimeter of the urban area were analysed based on
the created feature layers of the GIS. The GIS feature
layers were developed based using data from Landsat
5 TM, 7 ETM, and 8 OLI satellites for the same time
frame 2000, 2010, and 2020. The time-series satellite
images were downloaded from the website of the US
Geological Survey.
GIS spatial analysis is the most important part of
urban expansion measurement, because it uses basic
parameters and shape information [1; 36; 37]. The
spatial analysis contains conventional overlay,
weighted overlay, buffering, network analysis,
principal component analysis, etc. GIS spatial
analysis is particularly easy and innovative to use for
urban shape study and more interactive and
demonstrative for the presentation of end results to
the decision-makers and public [1; 36]. In this study,
we used conventional overlay, weighted overlay,
visual comparison methods for data interpretation.
To extract land use classes of the study area, a
maximum likelihood classification method [8], one of
the well-known parametric supervised classification
algorithms was used. For the accurate representation
of the urban land use, Landsat imageries (30 m
resolution) were reclassed by onsite land surveyed
map layers for the detailed classification of land uses,
such as low density residential and sparse suburban
land.
There are a several methods for estimating fractal
dimension and the ‘box-counting dimension’ is used
in this research [10; 11; 12; 13; 14; 15]. The box-
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counting method calculates the number of grid cells
required to cover an object entirely. In practice,
regular grids should be applied over an object and the
number of occupied cells counted. The logarithm of
N(r) means the number of occupied cells, versus the
logarithm of size of one cell 1/r, and this gives a
“Richardson–Mandelbrot plot” [21; 25], a line whose
gradient corresponds to the box dimension D [7]. If
the trend is linear, an observed object should be
counted to be fractal [21]. The box-counting method
is used for data—subset X of the map in r scale. The
box-counting dimension of a subset X of the map is
defined by counting the number of unit boxes which
intersects X: for any r > 0, let N(r) denote the
minimum number of n-dimensional cells of linear
scale r (side length) needed to cover X [38]. Then X
has dimension D if N(r) with constant c Equation (1):
N(r) ≈ c (1/r) D

(1)

The compactness ratio is calculated as follows:
C = 2√πA / P

(6)

Where, C is the compactness of urban area; P is the
perimeter of built area; A is the area of built district.

3. RESULTS
The general scope of this study is to measure the
shape of the city and to prove the fractal geometry of
land use in Khovd with the help of mathematical
procedures [40] and GIS of urban analysis [41]. The
shape, land patches distribution, and expansion of the
urban area were analysed based on the created feature
layers of the GIS. The GIS feature layers were
developed based on data from cloud-free Landsat
images acquired for the nearest same time frame
2000, 2010, and 2020.

then X will with dimension D in Equation (2):
D = lim r→0 [−logN(r)/logr]

(2)

Using this principle, we employ the most general
Equation (3) for the calculation of land-use fractal
dimension [38; 8]:
𝐷=

2 logP/4
logA

(3)

where D is fractal dimension, P is the external
perimeter of urban land-use area, and A is the area of
urban land use.
To compute the perimeter of each land-use object,
first, we need to count each chord length of the
object. We used the calculation form according to
Batty and Longley [11] and found chord length using
the standard triangle equality (Equation 4), where
chord has pair of (x_i,y_i) and (x_(i+1),y_(i+1))
coordinates.
𝑑𝑖,𝑖+1= [(𝑥𝑖 − 𝑥𝑖+1 )2 + (𝑦𝑖 − 𝑦𝑖+1 )2 ]1/2 , 𝑖 = 1, 𝑛 − 1 (4)

Then, after finding each chord length, the
perimeter L at scale r is summed (according to Batty
and Longley,[12]) in Equation (5) and using the L(r)
the area of the land-use A is computed:
𝐿(𝑟) = ∑𝑛−1
𝑖=1 𝑑𝑖,𝑖+1

(5)

In 1822 for the first time Ritter proposed to
measure a shape’s compactness using a simple ratio
of the perimeter (P) to the area (A) of the shape:
(P/A) [39]. Since then, many alternatives and
modified forms of geometry have been proposed and
the most commonly accepted is the “circularity ratio”
4A/P2 by Miller [6] and the compactness ratio
2√πA/P by Richardson for a compactness
measurement [29].

Figure 1. Main land use/land cover classes of Khovd
town (2000-2020)
The time-series RS images were downloaded
from the website of the US Geological Survey. The
Landsat images were additionally rectified to datum
WGS84, and resampled using the cubic convolution
algorithm with a pixel size of 30 by 30 m for all timeseries 3 satellite images. The supervised classification
with sampled objects was used for the classification
of the land use classes and urban expansion extent.
Maximum likelihood classification is one of the wellknown parametric algorithms and it was used for
supervised classification in our study (Figure 1).
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Initially, the Landsat images have been rectified
to a UTM/WGS84 system, and resampled using a
cubic convolution with a pixel size of 30 by 30 m for
all-time series satellite images [36; 37]. Then, the
maximum likelihood classification method was
applied to extract land use classes of the study site
(Figure 1).

have invented or modified many particular metrics to
measure urban sprawl, depending on the main goals
and own points of view on sprawl vs. compact city.
Sprawl fractal metrics are a common method,
however, they mostly used it like basic measurement
and the trend shows scholars start “deeper dig” into
the internal structure of the city and its dynamic.

In fact, the D-fractal dimension is an index that
measures the spatial size, spatial complexity, spatial
consistency, or density of an urban area. The greater
the value, the greater the expansion of the city: the
spatial structure of the city becomes more complex
and irregular. On a two-dimensional digital map, 𝐷 =
2 indicates an irregular spatial distribution in the
plane of the object. The other limit, 𝐷 = 0, indicates a
high local concentration in centre with uniform
shape, such as compact circle or square (Figure 2).

The novelty of our study is the application of a
compactness index along with the fractal dimension
index which is not widely used in the urban study.
The rapid urbanization and fast urban sprawl globally
have triggered countless social negative impacts and
environmental problems [30]. The urban expansion
has accelerated and it adversely impacts the green
belt areas, wetlands, water buffer zones, open space,
and public land [1].

Table 1. Time series and spatial change of Khovd
town
Year
2000
2010
2020
ΔT20002010
ΔT20102020
Mean
year
change10
Mean
Year
change20

907
1053
1288

Perimeter
(м)
13108
13929
16288

Fractal
dimension
1.0105
1.0087
1.0154

Compa
ctness
index
0.8142
0.8256
0.7808

-266

146

821

0.0018

-0.0113

1981

235

2359

-0.006

0.0447

-266

14.6

82.1

0.0009

-0.0056

198.1

23.5

235.9

-0.003

0.0223

Population

Area
(ha)

29,911
29,645
31,626

Table 1 shows an increase in the density index
and a slight decrease in the fractal dimension (D∆t =
0.006), indicating that in 2000 the urban boundaries
were already uniform. Compactness metrics were
calculated to determine to what extent of urban
footprint approximates circle shape. The urban extent
is an outer expansion from built-up areas, surrender
natural area, which is pre-urban agriculture, forest
land uses within administrative boundary [29]. The
compactness index in Khovd has increased (0.01-0.04
or 0.02) and is relatively stable, rigorous in the city
centre (Figure 2).

4. DISCUSSION AND CONCLUSION
The study indicates that RS data sets can be
efficiently used for urban sprawl study. As it is
known new technology can provide new tools for
effective urban geography research. Many scholars

The compactness index in Khovd has increased
over 20 years (0.01-0.04) and is relatively stable and
the densest urban land patches are concerted right
behind and around the downtown centre. As seen, the
expansion of Khovd town shows relatively stable and
correct shape form extent and the areal expansion of
urban area was 3238 ha or average annual growth of
162.4 ha/year in 20 years, while perimeter growth
was 43325 m (2166.25 m/year) representing quite
compact and relatively stable expansion.

Figure 2. Main land use/land cover change of Khovd
town (2000-2020).
Cities are not real natural fractals, but their shape
has fractal character, so it has been proved to be a
fractal dimension. Numerous empirical studies have
shown that fractals meet conditions based on a certain
range of scales, indicating that the city can be
considered a fractal dimension.
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The basic properties of fractal objects are limited
by their scale, and its fractal dimension values are
based on the scale. A slight decrease in fractal
dimension (D∆t = 0.006) indicates that in 20 years
the urban envelope was already started to extend but
in the right geometrical shape forms. In this paper,
the territorial boundary perimeter and built-up area
parameter measurement for the fractal dimension and
compactness index indicated the city area segregation
or fragmentation at in a low rate and leap frog and
strip development is not occurred. In short, Khovd
town development is sustainable in sense of land
management. However, there’s a need to pay
attention to the minor growing increase of the urban
expansion. There’s any significant readjustment plan
for the low-density slum district reconstruction and
therefore urban expansion sustains the most possible
way to land adverse exploitation. For that reason, at
the municipal level, planners should look at the rural
area sustainable development in parallel to the town
readjustment.
The results of our study indicated that the GIS
and RS methods were more effective to analyse the
urban expansion (especially fractal geometry), as
well as the urban spatial metric study.
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