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Abstract
The defense of the notion of ‘compact city’ as a strategy to reduce urban sprawl to support greater
utilization of existing infrastructure and services in more compact areas and to improve the connectivity
of employment hubs is actively discussed in urban research. Using the urban residential density as a
surrogate measure for urban compactness, this paper empirically examines a cadaster database that contains details of every property with a view of capturing changes in urban residential density patterns
across Moscow using geospatial techniques. The policy of densification in chase of a more compact city
has produced mixed results. Findings of this study signal that the urban densities across the buffer zones
around Moscow city are significantly different. The Landsat images from 1995, 2005 and 2016 are
classified based on the maximum likelihood to expand the land use/cover maps and identify the land
cover. Then, the area coverage for all the land use/cover types at different points in time is combined
with the distance from the city center. After that, urbanization densities from the city center toward the
outskirts for every 1-km distance from 1 to 60 km are calculated. The city density on the distance of 1 to
35 km is found to be very high in the years 1995 to 2016. As usual, the population, traffic conditions,
industrialization and government policy are the major factors that influenced the urban expansion.
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Introduction
Land use planning is an indiscernible part of the viability and livability of a metropolitan area because it affects decisions about where and how we live. Over the
last few decades local councils and government agencies in Moscow have been continually developing land
use planning strategies to contain and manage urban
growth [1]. The general purpose of this shift is to reduce
urban sprawl and support utilization of existing infrastructure and services in more situated areas [2]. Over
all to this shift, suburbanization was heralded for hortative economic growth for generating employment with
strong multiplier effects and for the development of infrastructure in urban fringe. Moscow is one of the most
important historical, cultural, industrial and commercial
cities in Russia. It has a booming economy with moveable growth. During the last two decades growth in industry, population and economic activities has been
strongly concentrated in Moscow region. Moscow became the administrative center and took center stage in
national development. Major development and supporting policy variation were undertaken and within two
decades there were major transformation landscape
changes in Moscow region.
In the past, few years valuable research has been carried out on the use of GIS (Geographical Information
Systems) and Satellite data for measuring city growth
and sprawl development patterns [3, 4]. Remote sensing
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provides spatially consistent data that cover large areas
with both high spatial detail and temporal frequency.
Newly, remote sensing has been used in combination
with Global Positioning Systems and GIS to assess land
cover change more effectively than by remote sensing
data [5]. The objective of this study is to determine the
spatial patterns of urban growth. The growth has been
systematically mapped, monitored and accurately assessed using satellite images with conventional ground
data. Mapping provides a picture of where growth is occurring helps to identify the natural and environmental
resources.
In this research we will examine the hypothesis that
the current compact city model is likely to increase the
residential lodgment density in inner suburbs because
the compact city policy encourages the development of
multi-level constructions in these areas [6, 7]. To capture the change in urban density two main sets of techniques are employed. First a buffer analysis is applied to
compute zonal statistics and test the difference in residential densities around the Moscow center. Second a
metropolitan scale a spatial autocorrelation measure is
used to calculate the degree of spatial clustering of
dwellings. The spatial analysis applied in this study uses
a 1 km by 1 km grid to explore the changes in urban residential density in Moscow. This represents the spatial
variability and the degree of densification within the
Urban Growth Boundary [8].
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Study area
Moscow city, an important historical, cultural, social
and economic center in Russian Federation was selected
for this study (Fig. 1). The latitude of the city is 55° 45’
7” N and longitude is 37° 36’ 56" E. The population of
Moscow 13,197,596 permanent residents within city limits, 15,300,000 estimated totals within city limits,
17,900,000 urban areas and the total population in Moscow metropole areas is 20,561,194. This gives the city
proper a very high population density of 4,900 people per
square kilometer.
The climate of Moscow region is humid continental,
short but warm summers and long cold winters. The average temperature is 3.5 °C (38.3 °F) to 5.5 °C
(41.9 °F).The coldest months are January and February
average temperature of −9 °C (16 °F) in the west and
−12 °C (10 °F) in the east. The minimum temperature is
−54 °C (−65 °F). Here are more than three hundred rivers
in Moscow region and most rivers belong to the basin of
the Volga. Which itself only crosses a small part in the
north of Moscow region. They are mostly fed by melting
snow and the flood falls on April-May. The water level is
low in summer and increases only with heavy rain. The
river freezes over from late November until April.
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the Moscow and the grid cells were then spread out to cover the total area [11, 12]. A number of data preprocessing
were applied to process the data such as projection, rectification, registration, band combination and interpretation.
Than complete data analysis as (1) Relates to calculation of
urban density, which is measured as the number of residential dwellings per square kilometer; (2) applies a buffer
analysis to evaluate difference between zones from the
Moscow center; and (3) quantifies the degree of spatial
clustering of dwelling density patterns [13, 14].
Maps processing
The image obtained as standard products were geometrically and radio metrically corrected by data providers. All three images were geometrically corrected up to
the orthorectified level. Images from different sensors
have different spatial resolutions. In this research we preferred to retain the spatial detail, original pixel size and
value of each image for specific bands [15, 16]. The images were kept without changing their pixel sizes despite
the possible varying accuracy level of classification with
the different spatial, spectral and radiometric resolutions.
All of the images were classified by creating accurate
polygons as training areas for introducing ideal classes
for each image by using the maximum likelihood classification method. To create a closer correspondence between the maps produced, the classification was done by
considering following classes: agriculture, barren land,
forest, settlements, scrubland, water body and wetland
(Table 1).
Table 1. Land use classes definitions
LULC
Classes
Agricultural
Barren land
Forest

Fig. 1 Location map of the study area in Moscow Region, Russia
Scrubland

Data and methods
Urban density mapping is based on four core spatial
digital databases of Moscow. The State digital property
layers for September 1995, October 2005 and April 2016.
The layers contain details for each property for Moscow
in Russia. The specific satellite images used were Landsat TM for 1995, Landsat ETM+ for 2000 and Landsat 8
for 2016, an image captured by different types of sensor
[9, 10]. So, three different date satellite images were
used. The spatial resolution is 30 m for band numbers 1
to 5 for all sensors. All images were from the USGS website. All images have the same spatial resolution for specific bands; one simply goes through maximum likelihood classification. In this study, at least 16 years’ time
difference was used so that sufficient land use change information can be find out.
The mapping has been undertaken using a grid format
with 1 – 1 km grid cell. It was centered on the centroid of
Computer Optics, 2017, Vol. 41(4)

Settlements

Water body
Wetland

Definition of Land Use Classes
Cultivated areas, crop lands, grass lands,
vegetables, fruits etc.
This contains open lands mostly barren but
also small vegetation.
Small trees and shrub vegetation area except
for vegetation.
Scrub is a plant community describe by vegetation shrubs, often also including grasses
and herbs.
Includes construction activities along the
coastal dunes as well as sporadic houses
within the local village and some governmental buildings.
All the water within land mainly river, ponds,
lakes etc.
A wetland is a land area with standing water
and low soil fertility.

Post-classification refinement was used to improve
the fraction with a complex combination of features
(buildings, roads, grass, soil, trees and water), mixed pixels and the salt effect are common problem when we
were using medium spatial resolution data [17, 18]. This
research is focused on urban settlements and urban vegetation coverage measurement and their interactions.
Rangeland is considered to be both forest area and nonurban vegetation. Water bodies have very limited cover529
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age and along with barren land are not discussed further
in the results and discussion.
After classification multi-buffer rings are created for
every 1 km distance from 1 to 60 from the city center to
the outside. After that, the intersection with classified
maps for all three dates is featured. All class areas were
measured for 1 to 60 km distance and derive density according to [19, 20]:
Settlement area /Ring
Urban density =
.
Total ring area
Urban growth rate
In order to evaluate the spatial distribution of urban
expansion intensity, we adapted an indicator called annual urban growth rate (AGR) for evaluating the urbanization speed of unit area [21]. AGR is defined as:

AGR =

UAn =1 − UAi
× 100% .
nTAn +1

Where TAn+i is the total land area of the target unit to
be calculated at the time point of I + n, UAn+i and UAi the
urban area or built – up area in the target unit at times i +
n and i, respectively and n is the interval of the calculating period . Usually, the target calculating unit is set to
the administrative district so as to link with administration or economic statistics [22]. In this research, we preferred the geographical gridding unit since the administrative borders have been changed so frequently in this
city. The maps were therefore gridded as 1×1 km units
and the annual urban growth rates of each unit were then
calculated. At last, the grid- based annual urban growth
rates were mapped to evaluate the spatial features of the
expansion.
Results and discussion
Urban residential density mapping has been conducted on a grid with a 1 to 1 km grid cell. The grid
was generated for the Moscow area. The density maps
in Fig. 2, a number of observations about spatial patterns of dwelling density can be made. First, dwelling
density across the Moscow metropolitan area tends to
vary substantially. Due to historical and geographical
factors, eastern parts of Moscow are more densely
populated than its counterparts the western suburbs.
More than 10 training sites have been selected for each
class so that classification accuracy is high. The high
level of accuracy observed in this study could be the
result of the classification since seven classes were
used. Furthermore, in all buffer rings only the urban
area was calculated in place of the whole ring. After
that producing completed land use maps, the total coverage of different classes was determined.
Using this information, we calculated the water, forest, agricultural, barren land and settlements area per capita for all the study years (Table 2). There are several major trends explicit in the changes of land cover that are
consistent over the period 1995 to 2016. The settlement
area increased rapidly and there was a marked decrease in
other classes. The categories in the land cover maps were

530

K. Choudhary, M.S. Boori, A. Kupriyanov

agriculture, barren land, forest, scrubland, settlements,
water body and wetland. Some interesting patterns in the
distribution of dwellings across different buffer zones can
be noted in Fig. 1. As expected the settlements / urban
density in Moscow tends to downfall outward from the
city center. According to the land use maps produced for
the urban area of Moscow was expanded from
3898.31 km2 in 1995 to 4361.75 km2 in 2005 and finally
reaches to 5852.00 km2 in 2016 (Fig. 3).
The urban area has been continuously increasing
8.34 % of the study area in 1995 to 9.33 % in 2005 and
finally 12.51 % in 2016. The other classes’ area of agriculture land decreased from 29.24 % in 1995 and 13.91 in
2005. The area of forest has first increased from 45.19 %
to 52.75 % from 1995 to 2005 and later on reduced
42.54 % in 2016. In contrast, the area of water body was
0.87 % in 1995, 0.92 % in 2005 and 0.96 % in 2016. Barren land has first increased 45.19 % in 1995 to 10.09 % in
2005, later on decreased 6.40 % in 2016. Other classes
such as scrubland first increased then decreased and wetland continuously decreased (Table. 2).
Fig. 2 represents 1.58 % growth in urban area over a
period of two decades. In the first decade, urban growth
was 1.06 %. In 2005 to 2016 (5852 km2), the average rate
of expanse was 2.31 % it was increase (Table. 3).
City density patterns around the Moscow center were
also examined to ascertain whether different zones have
represented different densities. Fig. 5 shows 60 buffer
ring zones from 1 to 60 km distance. It has been argued
that the first five zones represent the areas that are within
walking distance from the city center. High density development has been supported by the government to encourage people to walk to train stations and other destination such as shopping centers. This policy has in part
been pursued to encourage active transport as part of a
healthy lifestyle. WE find that in the city center urban
density was more than 90 % for the last three decades. In
1995, it was reduced dramatically around 60 % on the
distance of 5 km from the city center, less than 10 % on
15 km and 0 % after 40 km. When we were comparing
1995 and 2016 on the distances of 5, 8, 15, and 20 and 30
km the city density has been increase very high. If we
compare only 1995 and 2005 on the distances of 8, 15,
and 19 km the city density was highly increased. From
2005 to 2016 on the distances of 4 and 30 km density was
increased. On the distance of 60 km the city density was
0 % in the last three decades (Fig. 4).
Fig. 5 shows, in 1995 the city center urban density
was more than 90 %, the share of agriculture was 10 %
and forest and water was 0 %. Till 4 km distance from the
center the urban area continuously reduces and agriculture has continuously increased 45 %. Later on both have
small variation and 7 to 16 km distance both classes were
reduced. Both classes were stable or vary a little and after
40 km distance both classes have 0 % density. The class
forest has 0 % density from 1 to 5 km and from 30 to
60 km distance. It has less than 10 % density from 5 to
40 km distance. The water class has almost close to 0 %
density in all distances.
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Fig. 2. Multi-buffer ring zones around the city center of Moscow for 1995, 2005 and 2016 maps
Table 2. Moscow Land use/cover classes for 1995, 2005 and 2016
Class
Agriculture
Barren land

1995
Area KmSq
13673.00

2005
%
29.24

Area KmSq
6504.00

2016
%

Area KmSq

%

13.91

13403.62

28.66

3802.63

8.13

4717.74

10.09

2993.18

6.40

21135.18

45.19

24671.31

52.75

19896.64

42.54

Scrubland

1268.97

2.71

3791.82

8.11

3377.49

7.22

Settlements

3898.31

8.34

4361.75

9.33

5852.00

12.51

Water body

408.96

0.87

430.13

0.92

449.45

0.96

2580.57

5.52

2291.37

4.90

795.75

1.70

46768.12

100.00

46768.12

100.00

46768.12

100.00

Forest

Wetland
Total

Computer Optics, 2017, Vol. 41(4)

531

Mapping and evaluating urban density patterns in Moscow, Russia

Year
AGR
(km2)

Table 3. Urban growth rate km2 of Moscow
199520051995Per year
2005
2016
2016
1.06

2.31

1.58

0.075
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ficult to clarify the influence of these factors in these
changes, their influence is examined by analyzing the relationships between developed area and socioeconomic
factors such as population, industrialization, traffic conditions and infrastructure.

Fig. 4. Moscow density from 1 to 60 km distance
for 1995, 2005 and 2016

a)

Fig. 3. Growth of Moscow in 1995, 2005 and 2016

In 2005, density of urban area and agriculture is the
same like 1995 till distance of 9 km. Later on urbanization reduces continuously. In 2005, agriculture has 10 %
density on 10 km and 10 % density 7 to 18 km distance.
Water class was very less on maximum distance and has
0 % density (Fig. 5). In 2016, in the city center urban
density was more than 96 % and other classes as agriculture, forest, wetland water etc. were less than 5 %. From 1
to 5 km distance urban area reduce till 75 % but agriculture increase and reaches up to 24 % and later on reduces
around 10 to 15 % in all distance. Urban density again increases after 6 to 10 km and later on reduces continuously. Forest is variant on 10 % and versa with agriculture
class (Fig. 5). The census data indicated that the main
phase of population growth in Moscow occurred between
1995 and 2001.
The main causes of this growth were a high birth rate,
rural to city migration and the merging of nearby village
with the city as it development. Urban expansion and
subsequent landscape changes are governed by geographical and socioeconomic factors such as population
growth, policy and economic development. In cases, urban expansion and associated land use changes resulted
from a combination of these factors. For example, socioeconomic policy can strongly affect urban expansion and
under the changes driven by urban expansion, the land
use patterns of the urban outskirts are altered or adjusted
in pursuit of high economic returns. Even though it is dif-

532

b)

c)
Fig. 5. Moscow land cover class density from 1 to 60 km
distance for the year (a) 2016, (b) 2005 and (c) 1995

Conclusion
The empirical investigation of urban residential density patterns presented in this paper offers new insights into
the spatial implication of policy changes. Moreover it
provides evidence to assess the difference between rhetoric and reality in terms of achieving higher residential
densities around the designated activity centers. Analysis
of the database that contains details of every property has
the potential to aide urban planners and policy practitioners in evaluations of urban consolidation policies. In
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comparing 1995 and 2016 on distances of 5, 8, 15, 20 and
30 km the city density was increased very high. In 1995
to 2005 on the distances of 8, 15 and 19 km the city density has been highly increased. From 2005 to 2016 on the
distances of 3 and 35 km density has increased and on
55 km distance the city density was 0 % in the last two
decades. In Moscow urban land expansion has largely
been shaped by the tract such as mountains and lakes and
social factors such as population growth, migration and
economic development. All open spaces such as vegetation cover were destroyed and converted to urban areas.
This study demonstrated that development occurred
mainly in available open spaces in the city lands between
the buildings. This will form the basis of future research.
The spatial representation of change in residential dwelling density at a metropolitan level was the prime focus of
this paper. Further research into the application of modelling techniques is therefore called upon to identify the
factors that produce spatial mutability in density patterns
with the ability to model the likely impacts of policy
change.
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