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Abstract

The defense of the notion of ‘compact city’ asratepy to reduce urban sprawl to support greater
utilization of existing infrastructure and serviéesnore compact areas and to improve the contitgctiv
of employment hubs is actively discussed in urlesearch. Using the urban residential density as a
surrogate measure for urban compactness, this pagerically examines a cadaster database that con-
tains details of every property with a view of eajtg changes in urban residential density patterns
across Moscow using geospatial techniques. Theypafidensification in chase of a more compact city
has produced mixed results. Findings of this stigiyal that the urban densities across the buffees
around Moscow city are significantly different. Thandsat images from 1995, 2005 and 2016 are
classified based on the maximum likelihood to exjptine land use/cover maps and identify the land
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cover. Then, the area coverage for all the lanétoger types at different points in time is combline
with the distance from the city center. After thabanization densities from the city center towtel
outskirts for every 1-km distance from 1 to 60 ke @alculated. The city density on the distanck tof

35 km is found to be very high in the years 19

920at6. As usual, the population, traffic conditions

industrialization and government policy are theangjctors that influenced the urban expansion.
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I ntroduction

Land use planning is an indiscernible part of tle v
bility and livability of a metropolitan area becaui$ af-
fects decisions about where and how we live. Olier
last few decades local councils and government -ag

provides spatially consistent data that cover lageas
with both high spatial detail and temporal frequenc
Newly, remote sensing has been used in combination
+ with Global Positioning Systems and GIS to assasd |
egover change more effectively than by remote sensin

cies in Moscow have been continually developingilgn data [5]. The objective of this study is to deterenthe

use planning strategies to contain and manage ulf
growth [1]. The general purpose of this shift ig¢duce
urban sprawl and support utilization of existindgran
structure and services in more situated areasQ2gr
all to this shift, suburbanization was heraldedtorta-
tive economic growth for generating employment wi
strong multiplier effects and for the developmehim
frastructure in urban fringe. Moscow is one of thest
important historical, cultural, industrial and cowrmial
cities in Russia. It has a booming economy with e@v
ble growth. During the last two decades growthnpn
dustry, population and economic activities has bg
strongly concentrated in Moscow region. Moscow [
came the administrative center and took centeresiag
national development. Major development and supp
ing policy variation were undertaken and within tw
decades there were major transformation landsc
changes in Moscow region.

In the past, few years valuable research has baen
ried out on the use of GIS (Geographical Infornrati
Systems) and Satellite data for measuring city ¢no

psRatial patterns of urban growth. The growth hasnbe
systematically mapped, monitored and accurately as-
sessed using satellite images with conventionaliggo
data. Mapping provides a picture of where growthds
curring helps to identify the natural and enviromtad
thresources.

In this research we will examine the hypothesig tha
the current compact city model is likely to increahe
residential lodgment density in inner suburbs beeau
the compact city policy encourages the developnoént
multi-level constructions in these areas [6, 7]. dap-

etre the change in urban density two main setecoh-t
ehiques are employed. First a buffer analysis idiaggo
compute zonal statistics and test the differenceesi-
hridential densities around the Moscow center. Seaond
ometropolitan scale a spatial autocorrelation meassir
ar}{,ﬁed to calculate the degree of spatial clusteohg
dwellings. The spatial analysis applied in thisdstuses
calkmby 1 km grid to explore the changes in untesa
5 idential density in Moscow. This represents thetigba
y variability and the degree of densification withihe

and sprawl development patterns [3, 4]. Remoteiggn

. Urban Growth Boundary [8].
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Study area

Moscow city, an important historical, cultural, gdc
and economic center in Russian Federation wastsdle
for this study (Fig. 1). The latitude of the ciy 55° 45’
7" N and longitude is 37° 36’ 56" E. The populatioh
Moscow 13,197,596 permanent residents within @ity |
its, 15,300,000 estimated totals within city limit
17,900,000 urban areas and the total populatiavias-
cow metropole areas is 20,561,194. This gives the
proper a very high population density of 4,900 peger
square kilometer.

The climate of Moscow region is humid continental
short but warm summers and long cold winters. The
erage temperature is 3.5°C (38.3°F)

C

~

T

)

O

(41.9 °F).The coldest months are January and Fgbrla
an

average temperature of -9 °C (16 °F) in the west
=12 °C (10 °F) in the east. The minimum temperatsirg
-54 °C (-65 °F). Here are more than three hundreats
in Moscow region and most rivers belong to the madi
the Volga. Which itself only crosses a small parthe
north of Moscow region. They are mostly fed by mejit
snow and the flood falls on April-May. The wateveéis
low in summer and increases only with heavy raine T
river freezes over from late November until April.

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

Data and methods

Urban density mapping is based on four core sp3
digital databases of Moscow. The State digital prop
layers for September 1995, October 2005 and Apdie2
The layers contain details for each property forsktow
in Russia. The specific satellite images used viared-
sat TM for 1995, Landsat ETM+ for 2000 and Landsat
for 2016, an image captured by different typesesfsor
[9, 10]. So, three different date satellite imagesre
used. The spatial resolution is 30 m for band numlie
to 5 for all sensors. All images were from the US@&h-
site. All images have the same spatial resolutrspe-
cific bands; one simply goes through maximum like
hood classification. In this study, at least 16rgeéime
difference was used so that sufficient land usexgéan-
formation can be find out.

to 55p¢"

tial

the Moscow and the grid cells were then spreadoocibv-
er the total area [11, 12]. A number of data pregssing
were applied to process the data such as projecéotifi-
cation, registration, band combination and integiien.
Than complete data analysis as (1) Relates toladitmu of
urban density, which is measured as the numbersiden-
tial dwellings per square kilometer; (2) appliebwfer
analysis to evaluate difference between zones fifoen
Moscow center; and (3) quantifies the degree ofiapa
clustering of dwelling density patterns [13, 14].

Maps processing
The image obtained as standard products were geo-
etrically and radio metrically corrected by datavid-
ers. All three images were geometrically correaipdo
the orthorectified level. Images from different sers
have different spatial resolutions. In this reskaxe pre-
ferred to retain the spatial detail, original pisite and
value of each image for specific bands [15, 16} Th-
ages were kept without changing their pixel sizespite
the possible varying accuracy level of classifimativith
the different spatial, spectral and radiometriohations.
All of the images were classified by creating aeter
polygons as training areas for introducing ideasseés
for each image by using the maximum likelihood silizs
cation method. To create a closer correspondenee
tween the maps produced, the classification wag dyn
considering following classes: agriculture, bartand,
forest, settlements, scrubland, water body andawdtl
(Table 1).

Table 1. Land use classes definitions

be

LULC Definition of Land Use Classes
Classes
. Cultivated areas, crop lands, grass lands,
Agricultural ;
vegetables, fruits etc.
This contains open lands mostly barren but
Barren land y
also small vegetation.
Small trees and shrub vegetation area except
Forest -
for vegetation.
Scrub is a plant community describe by vege-
Scrubland  tation shrubs, often also including grasses
and herbs.
Includes construction activities along the
coastal dunes as well as sporadic houses
Settlements . i
within the local village and some govern-
mental buildings.
Water body All the water within land mainly river, ponds,
lakes etc.
Wetland 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 wateRyedpix-
els and the salt effect are common problem when we
were using medium spatial resolution data [17, T8]s
research is focused on urban settlements and wedxpat

tation coverage measurement and their interactions.
m&tangeland is considered to be both forest areanand
ofurban vegetation. Water bodies have very limitedeco

The mapping has been undertaken using a grid for
with 1-1 km grid cell. It was centered on the centroid
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age and along with barren land are not discusseteiu
in the results and discussion.

After classification multi-buffer rings are creatéat
every 1 km distance from 1 to 60 from the city eerib
the outside. After that, the intersection with sified
maps for all three dates is featured. All clasasneere
measured for 1 to 60 km distance and derive deasity
cording to [19, 20]:

Settlement area/Ring

Urbandensity = :
Total ring area

Urban growth rate

In order to evaluate the spatial distribution obam
expansion intensity, we adapted an indicator cadisulu-
al urban growth rate (AGR) for evaluating the uiban
tion speed of unit area [21]. AGR is defined as:

AGR =21 7YA L6006,

nTA. .,

Where TAwi is the total land area of the target unit fo

be calculated at the time point of | + n, kl/and UA the

urban area or built — up area in the target uniinags i +
n and i, respectively and n is the interval of tiadculat-
ing period . Usually, the target calculating umitset to
the administrative district so as to link with adistra-

tion or economic statistics [22]. In this researsie, pre-
ferred the geographical gridding unit since the imin

trative borders have been changed so frequenthis
city. The maps were therefore gridded as 1x1 kntsu
and the annual urban growth rates of each unit Wene
calculated. At last, the grid- based annual urbawth

rates were mapped to evaluate the spatial featirdse

expansion.

Results and discussion

Urban residential density mapping has been c
ducted on a grid with a 1 to 1 km grid cell. Thedgr
was generated for the Moscow area. The density m
in Fig. 2, a number of observations about spat&tl g
terns of dwelling density can be made. First, dingll
density across the Moscow metropolitan area tead
vary substantially. Due to historical and geographi
factors, eastern parts of Moscow are more dens
populated than its counterparts the western subu
More than 10 training sites have been selecte@&ch
class so that classification accuracy is high. Trgh
level of accuracy observed in this study could be
result of the classification since seven classesew
used. Furthermore, in all buffer rings only the amb
area was calculated in place of the whole ring.eAf
that producing completed land use maps, the tated @
erage of different classes was determined.

Using this information, we calculated the waterr- fq
est, agricultural, barren land and settlements pee&ap-
ita for all the study years (Table 2). There anesal ma-
jor trends explicit in the changes of land coveatthre
consistent over the period 1995 to 2016. The se¢iw
area increased rapidly and there was a marked akie

agriculture, barren land, forest, scrubland, seitlets,
water body and wetland. Some interesting pattarrtbe
distribution of dwellings across different bufferes can

be noted in Fig. 1. As expected the settlem@antsan
density in Moscow tends to downfall outward frone th
city center. According to the land use maps prodiuoe
the urban area of Moscow was expanded from
3898.31 krin 1995 to 4361.75 k#in 2005 and finally
reaches to 5852.00 Krin 2016 (Fig. 3).

The urban area has been continuously increasing
8.34% of the study area in 1995 to 9%3in 2005 and
finally 12.51% in 2016. The other classes’ area of agri-
culture land decreased from 29%4n 1995 and 13.91 in
2005. The area of forest has first increased frém %
to 52.7% from 1995 to 2005 and later on reduced
42.54% in 2016. In contrast, the area of water body was
0.87% in 1995, 0.926 in 2005 and 0.9% in 2016. Bar-
ren land has first increased 45%9n 1995 to 10.0% in
2005, later on decreased 6%0in 2016. Other classes
such as scrubland first increased then decreaskavain
land continuously decreased (Table. 2).

Fig. 2 represents 1.38 growth in urban area over a
period of two decades. In the first decade, urbramvth
was 1.08%. In 2005 to 2016 (5852 Kin the average rate
of expanse was 2.34 it was increase (Table. 3).

City density patterns around the Moscow center were
also examined to ascertain whether different zdveee
represented different densities. Fig. 5 shows 6fiebu
i ring zones from 1 to 60 km distance. It has beguexa

that the first five zones represent the areasatetvithin
walking distance from the city center. High densiig-
velopment has been supported by the government-to e
courage people to walk to train stations and odestina-
tion such as shopping centers. This policy hasart p
been pursued to encourage active transport asopart
ynhealthy lifestyle. WE find that in the city centerban

density was more than 90 for the last three decades. In
ay33995' it was reduced dramatically around%6®n the

distance of 5 km from the city center, less tha®416n

15 km and @6 after 40 km. When we were comparing
- 11995 and 2016 on the distances of 5, 8, 15, arah@®0

km the city density has been increase very highwdf
efjompare only 1995 and 2005 on the distances 068, 1
rpband 19 km the city density was highly increasedntr
2005 to 2016 on the distances of 4 and 30 km densis
increased. On the distance of 60 km the city dgnsits
0% in the last three decades (Fig. 4).

Fig. 5 shows, in 1995 the city center urban density
was more than 9%, the share of agriculture was %0
and forest and water wa®@ Till 4 km distance from the
center the urban area continuously reduces andukgri
ture has continuously increased%5Later on both have
small variation and 7 to 16 km distance both clasgere
reduced. Both classes were stable or vary a #tild after
40 km distance both classes havi @ensity. The class
forest has © density from 1 to 5 km and from 30 to
60 km distance. It has less than%Odensity from 5 to
40 km distance. The water class has almost clog&4o

—F

e

other classes. The categories in the land coves mape

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

1995 2005 2016
Class AreaKmSg % AreaKmSg % AreaKmSg %
Agriculture 13673.00 29.24 6504.00 1391 13403.62 28.66
Barren land 3802.63 813 4717.74 10.09 2993.18 6.40
Forest 21135.18 45.19 24671.31 52.75 19896.64 42,54
Scrubland 1268.97 271 3791.82 8.11 3377.49 7.22
Settlements 3898.31 8.34 4361.75 9.33 5852.00 1251
Water body 408.96 0.87 430.13 0.92 449.45 0.96
Wetland 2580.57 552 2291.37 4.90 795.75 1.70
Total 46768.12 100.00 46768.12 100.00 46768.12 100.00

Computer Optics, 2017, Vol. 41(4)

531



Mapping and evaluating urban density patternsin Moscow, Russia

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

Table 3. Urban growth rate km? of Moscow

1995 2005- 1995
Year 2005 2016 2016 Per year
@%ﬁ; 1.06 231 158 0.075

60

Legend: Growth of Moscow City 1 .\

®  CityCenter " E = [
|| Multi buffer rings (0-60 km).___
| REEH —-
I 2005 ) &

2016 i o 32565 13 | 193
T

Flg 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 urbaniza-
tion 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 agricul-
ture, forest, wetland water etc. were lessthan 5%. From 1
to 5 km distance urban area reduce till 75% but agricul-
ture increase and reaches up to 24 % and later on reduces
around 10 to 15% in al distance. Urban density again in-
creases after 6 to 10 km and later on reduces continuous-
ly. 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 geograph-
ical and socioeconomic factors such as population
growth, policy and economic development. In cases, ur-
ban expansion and associated land use changes resulted
from a combination of these factors. For example, socio-
economic 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-

Kdomelers

ficult to clarify the influence of these factors in these

changes, their influence is examined by analyzing the re-

lationships between developed area and socioeconomic

factors such as population, industrialization, traffic condi-

tions and infrastructure.
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Fig. 4. Moscow density from 1 to 60 km distance
for 1995, 2005 and 2016
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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 densi-
ty patterns presented in this paper offers new insights into
the spatial implication of policy changes. Moreover it
provides evidence to assess the difference between rheto-
ric and readlity 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 practition-
ers in evaluations of urban consolidation policies. In
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comparing 1995 and 2016 on distances of 5, 8, &2l
30 km the city density was increased very highl995
to 2005 on the distances of 8, 15 and 19 km thedsh-
sity has been highly increased. From 2005 to 20l&he

distances of 3 and 35 km density has increasedoand

55 km distance the city density wa80in the last two

[11] Bertaud A, Malpezzi S. The spatial distribution oppla-
tion in 35 world cities: The role of markets plamgiand
topography. Madison, WI: Centre of Urban Land Econom
ics Research; 1999.

[12] Saboori B, Sulaiman J, Mohd S. Economic growth @ayd
emission in Malaysia: A cointegration analysis loé €nvi-
ronmental Kuznets curve. Energy Policy 2012; 54-181.

decades. In Moscow urban land expansion has largely poj: 10.1016/j.enpol.2012.08.065.

been shaped by the tract such as mountains ans! dakk
social factors such as population growth, migratom

economic development. All open spaces such as aeg
tion cover were destroyed and converted to urbaasar
This study demonstrated that development occur
mainly in available open spaces in the city lanefsvieen
the buildings. This will form the basis of futuresearch.
The spatial representation of change in residedtiall-

ing density at a metropolitan level was the prilmeuts of
this paper. Further research into the applicatiomadel-
ling techniques is therefore called upon to idgntte
factors that produce spatial mutability in dengiatterns
with the ability to model the likely impacts of o)

change.
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