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1 INTRODUCTION

The relevance of this study is determined by the
circumstances.
environmental
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The paper presents the results of a geoecological assessment of the components of urban geosystems planning
— the street and road network, buildings, green areas, artificial water bodies based on ecological and urban
planning and geo-information methodological approaches. The goal of this study is to conduct a geoecological
assessment of the components of the planning structure of the urban system of the city of Vidnoye based on
the urbanization index of the territory and GIS technologies. A fundamentally new index of urban planning
is proposed, which is based on partial coefficients reflecting the share of each component of the layout. In
addition, open data are used in conjunction with GIS technologies, namely satellite multi-channel images, a
set of data on planning components from Open Street Map. Currently, these methodological approaches are
widely used in the quantitative assessment of both infrastructural (impacting) components of the urban
environment — the street and road network, buildings, and environmental-forming green spaces. At the same
time, the existing landscape indicators require clarification and adjustment in relation to the planning of
urbanized territories within the framework of the ecological and urban planning approach. The geo-
information approach is complementary, having a powerful analytical potential, it, to some extent, automates
and simplifies the evaluation procedure, as well as visualizes the results. The results of this study will be
essential to the further city design, as well as, for geoecological assessment.

In recent years in Moscow region, especially in its
southern part, has been an unprecedented increase on
the urbanization level of the territory. The population
density is increasing, large areas are being build up
and intensive transport infrastructure is developing
(Chudinova, Afonina, 2017). As an example of the

On the one hand, the
urban planning approach s

increasingly used in geoecological assessment of the
territories of modern cites, and its importance is
especially increasing within the framework of the
concept of sustainable development of the cities and
ensuring their resilience (SDG 11" (Sustainable
Development Goals). On the other hand, the role of
the geo-information approach, which makes possible
to quantify the components of the cites planning
structure, as well as their ratios in urban geosystems,
is very large, significantly simplifying the procedure
for assessing, planning the urban area, and carrying
out environmental measures (Rinchinova, 2010;
Dubrovskaya, 2014).

ale https://orcid.org/0000-0002-8351-3658
b} https://orcid.org/0009-0003-5741-911X
¢l https://orcid.org/0000-0002-8445-9454

Vidnoye city near Moscow this fact entails an
excessive dominance of anthropogenic factors in the
development of the city and, as a result, a decrease of
the role of the medium-forming components of the
urban system - green areas, water bodies, etc. The
using of traditional and modern methodology
approaches in general, such as landscape, ecological
and medical-urban, etc., in geoecological assessment
of urban areas doesn’t solve all the tasks of the
environmental safety of cities, because they don’t
fully reflect the nature of the character of the urban
systems development, including their planning, and



do not allow predicting the further development of
urban areas.

As a methodological basis, this study was taken
in the field of traditional geoecological assessment
using environmental quality indices (Order on
approval of the methodology for determining the
quality index of the urban environment of
municipalities of the Russian Federation dated
October 31, 2017 No. 1494/pr.), ecodiagnostics
(Kochurov, 2003) and score assessment (Kochurov,
Khaziakhmetova, lvashkina, Sukmanova, 2018), as
well as landscape environmental indices
(Koldobskaya, 2014). The methodological basis of
modern approaches was also scientific work using
remote sensing of the Earth (remote sensing)
(Malinnikov, 2019; Arkhipova, Eprintsev, 2017;
Veretennikov, 2014) and GIS technologies
(Movchan, 2023), including modeling of urban
planning elements based on GIS technologies
(Rinchinova, 2010; Dubrovskaya, 2014;
Kakhramanova, 2012; Kochurov, Movchan, 2021).
In addition, foreign experience in the use of integral
indices characterizing the degree of urbanization of
the urban environment (Costa, 2017; Carr, 2017) and
the use of space survey materials (Copernicus Open
Access Hub. Space Imagery Open Access Center)
and a set of open data (OpenStreetMap) in
geoecological assessment of urban planning was also
taken into account.

The ecological and urban planning approaches are
aimed at the cities studies as complexity urban
geosystems, including natural block (green zones and
aquasystems); social block (population’s
parameters); urban planning (the planning structure)
(Arkhipova, Eprintsev, 2017; Veretennikov, 2014).
The structure of urban landscape is studied by the
analysis of complex geoecological maps, the ratio of
areas strongly anthropogenic disturbed and slightly
violated. The result of the work is the construction of
scales on the basis of grade-rating system, using
weight coefficients or the estimation on the basis of
the percentage ratio - the share of the area of each
landscape highlight (Rinchinova, 2010).

The modern geoecological assessment also uses
GIS-technologies (analysis of space images or a set
of open data, tools of spatial analysis, clustering and
classification, modeling, etc.) and the use of remote
sensing methods of Earth, among which the so-called
spectral indices and combination of channels of
multi-channel of satellite images are especially
relevant (Malinnikov, 2019; Arkhipova, Eprintsev,
2017). The result of the work in this case is an
assessment using mathematical apparatus of geo-
information system; in graphical expression these are
cartographic models of the distribution of phenomena
or their relation.

The goal of this study is conducting geoecological
assessment of the components of the planning
structure of urban system of the city of Vidnoye,
based on the urbanization index and GIS-
technologies.

2 MATERIALS AND METHODS

The materials for the implementation of scientific
work were official statistic data, including the
characteristic of the district and general urban plan. In
addition, multispectral space images of the
investigated territory of the Sentinel-2 satellite are
involved. They were used to differentiate artificial
and natural coatings, assess vegetation cover, etc. The
materials also included open data sets (OSM - open
street map - layers of land use, road network,
buildings and other structures) (OpenStreetMap).
Assessment of planning components was carried out
by means of modular mapping programs QGIS and
SAGA.

In accordance with the approach based on
landscape-ecological and urban planning studies, the
urbanization index was first calculated according to
the formula below (Costa, 2017). Since it most fully
reflects the features of urban landscape and is suitable
for the purposes of geoecological assessment of
planning at the city level (formula 1).

U+A

Ul =log10 [m] (D)

A — Areas, occupied farmland,;

U — Areas of the urban zone;

F — Areas of the natural vegetation;
W — Areas occupied water bodies.

Further, the authors made additions and
adjustments to the existing index assessment
methodology, namely, they proposed an integral
index of the degree of urbanization of the territory -
IUT, which is based on party gardening coefficients
(kg) - the ratio of the area of green zones to the total
area of the district; construction (k) - the ratio
between the area of development and the total area
of the district and the coefficient of the road network
(k) - the ratio of the area of the roadway to the area
of the district and the coefficient of the provision of
water bodies (kw) - the ratio of the area of water
bodies and the area of the district (functional zone).
In addition, the total area of the city was accounted;
a recalculation was made in perjcent (%) format of the



layout components. The formulas by which the
calculations were carried out and the decryptions are
presented below (formulas 2 and 2.1, 2.2, 2.3 and
2.4).

IUT = (kp + k) / (kg + ky) (2)

ky =0/ (21)
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were;
IUT — Index urbanization of the territory;

k — Party coefficients buildings - b, road network —r,
greening - g and water bodies - w;

S — Area of the territory (functional zone, city) in sg.
km.

At the next stage, the proposed index was
normalized by deriving a reference value
characterizing the optimal combination of planning
elements. In this case, we take as a basis the existing
recommendations on the area of green zones, water
bodies, buildings and the share of road network,
according to which about 50% is allocated to green
areas; for building and street and road network - about
20% each; for water bodies within 10-15% ('SP
42.13330.2011. Code of Practice. Urban planning.
Planning and development of urban and rural
settlements. Updated version of SNiP 2.07.01-89).
These indicators were reduced to the corresponding
coefficients, for example, with greening of 30%, its
coefficientis 0.3 and etc., which were then substituted
into the integral index formula.

Based on the general urban plan and a set of open
data, planning framework maps of the study area were
compiled, including layers with functional zones (by
land use types); building and road network (with
differentiation by road types); water bodies and
vegetation. Then, a cartographic analysis of the urban
planning was carried out on the basis of functional
zoning by calculating the areas of each of the
planning allocations; calculation of values of partial
coefficients and index. Cartograms and diagrams of
the distribution of values reflecting the percentage
contribution of each component and planning element

to the general structure by geo-information systems
(GIS) have been compiled.

The application of Earth remote sensing methods
in the layout (passive) made it possible to establish
the differentiation of natural and anthropogenic
components of the urban landscape and to map the
components and elements of the city layout. First,
multichannel images of the Sentinel-2A satellite,
were downloaded in the visible green (537-582 nm),
red (645-683 nm), near (763-908 nm) and average
(1000-1560 nm) infrared ranges, with additional
adjustment for the atmosphere. Then they were
loaded into the QGIS program; composing the
spectral combination "artificial colors," representing
the sequence of channels: NIR-RED-GREEN
(infrared-red-visible  green) (Copernicus Open
Access Hub. Space Imagery Open Access Center).

The next stage is to draw up an urban planning
map based on the decryption and vectorization of the
obtained images and the use of automatic
classification, named Kmeans Satellite images in the
SAGA program and classification of components and
planning elements according to the unique values of
the obtained vectored layer. A selection of color
scales adequate to landscape highlights was also
carried out and the creation of a legend including
categories of urban space planning allocated on the
basis of classification - green areas; open space of
landscape; sealed, moderately built-up, and built-up
areas for subsequent visualization of results. After the
vectorization of the obtained data, the areas of each
planning category were calculated. The OSM open
data set, which includes building layers and the road
network, made it possible to carry out additional
verification and correction of the obtained data. The
final stage is a comparative analysis of the planning
structure, obtained by decrypting images with the
results of calculations of the urbanization index of the
territory.

3 RESULTS AND DISCUSSIONS

Based on open OSM data using the general urban
plan, functional urban zones were highlighted on the
map together with land use allocations: industrial
zones; agricultural; residential development areas,
including  private, mixed and  multi-store;
recreational, including park, urban forest and usual
forest; transport zones and non-built-up (open
spaces). Also, layers of residential buildings and the
road network were additionally superimposed on the
map (Fig. 1).
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Figure 1: City functional zoning by types of land use. City
boundaries — 1; street and road network - 2; buildings — 3;
water facilities — 4; functional zones — 5: (undeveloped land
— 5.1; agricultural land — 5.2; recreation areas - 5.3;
industrial and communal — 5.4; mixed-use areas — 5.5;
transport zones — 5.6; zones multi—store buildings - 5.7;
zones of private and manor buildings — 5.8).

The share of the area of each zone in the total
structure of the city is as follows: private
development, which occupies about 20% (6 sq. km);
a fairly large proportion of recreational areas and
open poorly established spaces (reserve lands)
making up from 18 to 20%. Industrial zones occupy a
relatively small area - about 16% (4 sq. km). Smaller
contributions are made by areas of transport services,
multi-store buildings and agricultural use. Their
shares are about 11.6; 7 and 6%, respectively, or 3.5;
2 and 1.8 sg. km (Fig. 2).
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Figure 2: The contribution of the main types of urban land
use to the planning structure. Industrial zones -1;
agricultural lands - 2; water management facilities — 3;
residential buildings (mixed) — 4; residential buildings
(private and estate) — 5; residential multi—storey buildings —
6; transport zones - 7; recreational areas — 8.

Thus, intensively built-up areas, including an
industrial zone and multi-store buildings, account for
about 25%. Packed spaces mainly transport
infrastructure - 14%. Green zones, including
recreational and water areas, agricultural lands,
without local landscaping, account for about 30% in
total. The rest is occupied by moderately built-up
areas, including private and medium-rise buildings.
Such a disproportional distribution, apparently, is due
to the specifics of the city, namely the intensive
country development of the largest western part of the
city of Vidnoye and the active implementation of
greening events in the historical central part during
the Soviet period. A high proportion of open lands are
most likely associated with the relief features,
characterized as hilly, as well as with the
disproportional development of the city and the
dominance of isolated residential complexes.

Based on the data obtained as part of ecological
and urban planning studies, partial coefficients of
landscaping, building up of the territory, road
network and water supply were calculated, both for
each functional zone and for the city as a whole.
Regarding the percentage distribution of planning
components within functional allocations, it is should
noting that in almost all cases, more than half are open
spaces, with the exception of mixed buildings and
agricultural and recreational areas.

The least urbanized are the territories of western
periphery and mixed development in the city center.
About 1/3 falls on buildings in zones of mixed, multi-
store buildings and, in part, the industrial zone. The
greening rate varies significantly from 1/2 in
residential and industrial areas to almost 90% in
recreational areas. The street and road network and
also water bodies play a smaller role. The obtained
data formed the basis for determining the integral
index of urbanization of the territory according to the
above formula. The reference index value during
normalization was 0.35 units.

On the basis of a map of land uses and calculations
for their areas and their ratio, a map of the
urbanization index of the territory of Vidnoye was
preparing (Fig. 3). After calculating the urbanization
index of the territory and partly coefficients, it was
found out that it is largest value falls on the industrial
zone and on the south-east areas, mainly multi-store
buildings, which is quite logical.
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Figure 3: Urbanization index of the Vidnoye city territory.
City boundaries — 1; water bodies — 2; Gradations of the
urbanization index of the territory (IUT) - 3: (0,02-0,18) —
3.1; (0,18-0,33) — 3.2; (0,33-0,49) — 3.3; (0,49-0,65) — 3.4;
(0,65-0,8) — 3.5; (0,8-0,96) — 3.6.

Regarding the degree of urbanization, noting that
the eastern part of the city is distinguished by high
contrasts in urbanization - from 0.02 to 0.18 and 0.18
to 0.33 and lastly from 0.5 to 0.96 units. While the
western part is significantly less urbanized with index
values mainly from 0.18 to 0.33. This, apparently, is
explained by the planning and history of the
development of the city, namely, the eastern part
(beyond the Federal highway M4 Don) is timed to
coincide with the industrial zone; there is also an
active development of multi-store buildings of the
southern periphery on one side. Along with this, there
are also urban forests and fragments of private
development. The western part is represented mainly
by private country and manor buildings, as well as
agricultural lands and green areas.

Thus, the first category of the territory
urbanization index (0.02-0.18) corresponds mainly to
urban forests zones with minimal shares of
development and road network; the second and, in
part, the third category (0.33-0.49) is characteristic
mainly of summer cottages and agricultural areas; As
for 4 and 5 categories of index values (0.49-0.65) and
(0.65-0.8), respectively, they are represented by
mixed buildings, including public and business in the
first case and by a multi-store building zone in the
second case. Regarding the 6™ category (0.8-0.96), it
corresponds to the industrial and communal zone with
a minimum area of green spaces. The urbanization
index territory value for the entire studied area is
about 0.38-0.4 units, which can be characterized by
the degree of urbanization of the study area as above
average. This means that in general, the proportion of
green zones is quite large, especially in the central
(historical) part of the city and open spaces on the

eastern and southern periphery, which significantly
reduces the anthropogenic load on the urban
landscape and determines these values.

Based on the materials of the Earth remote sensing
and their processing in the geo-information systems
QGIS and SAGA, it was found that the planning
structure and its quantitative parameters are quite well
corresponds with the results obtained during the
calculations of the urbanization indices of the
territory (Fig. 4). The largest share of the total
structure is still open poorly landscaped spaces and
moderately built-up areas represented by intra-
quarter zones of residential neighborhoods. Their
share is about 50-55% of the city's area. This is
followed by built-up areas, which are buildings in
themselves and other structures 10-15%, and, finally,
green spaces, including local landscaping, parks,
forest parks, which account for about 30%. Sealed
areas, including a street and road network, parking
lots, etc., make a noticeably smaller contribution -
about 10%. At the same time, there are some
inconsistencies, which is associated with the specific
natural landscape features of the city and its urban
development.
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Figure 4: The type and use of urban land of the Vidnoye
city based on remote sensing materials and open data
(OSM). Inset map — 1; categories of planning structure — 2:
highly landscaped areas — 2.1; moderately built-up areas —
2.2; sealed spaces — 2.3; intensively built-up areas,
including buildings - 2.4; open spaces — 2.5.

4 CONCLUSIONS

According to the results of geoecological assessment,
Vidnoye city significantly differs by the degree of
urbanization of the territory. There are both the most
and least urbanized areas in the layout structure.
There is an increase the degree urbanization of the



city to the east, with a high degree of fragment of
urban geosystems in the main part of the city. The
most urbanized areas correspond mainly to the
industrial zone and multi-store buildings. The average
index by the city is 0,35-0,4 units, which indicates a
relatively low degree of urbanization.

The results of the urbanization index calculating,
using the remote sensing methods and GIS
technologies show a high convergence of these
methods to achieve the goal, with allows to use them
in different cities considering the specifics of their
territory.

In this regard, recommendations for controlling
the degree of urbanization and territorial planning in
the city in the future will be:

— Improvement of new areas, including landscaping,
equipment of additional water bodies, removal of
parking lots outside residential complexes;

— Restriction of the number of stories of buildings,
regulation of the building area, including usage of the
potential of open spaces in the further design of new
micro districts;

— Environmental renovation of outdated housing in
the main part of the city, including major repairs of
buildings and usage of office facilities.

The proposed approaches of using territory
urbanization index are promising and can be applied
in  geoecological assessment, planning and
development of programs and projects for sustainable
development of urban settlements.
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