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SUMMARY

The peculiarities of GIS approach to urban spatial management are discussed. The main issues of
society-environment spatial conflicts in metropolitan city area are determined. Some peculiarities of
Kyiv metropolitan area geoinformation support management are described. There are as following: air
pollution, waste disposal, surface and ground water pollution, noise pollution. The experience of spatial
data analysis of waste monitoring with Google Earth Engine is given. The recommendations for
environmental pollution effect identification are proposed. The Kyiv metropolis geoecological state
GIS functions are worked out.
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Introduction

Nowadays the process of urbanization is accelerating all over the world. Many economies in transition
are characterized by the rapid growth of urban settlements. Also, Ukraine has a list of rapidly growing
cities as Kyiv, Kharkiv and Dnipro. The development of large urban agglomerations turning cities
into metropolises. This issue needs effective spatial planning and spatial governing.

A metropolis is a large city or conurbation which is a significant economic, political, and cultural
center for a country or region, and an important hub for regional or international connections,
commerce, and communications (Lalehpour, 2016). A metropolis has high levels of population
density, many buildings and high infrastructure density.

An important part of megacities urban design (visible and creative aspects of urban planning) is the
linear spatial structure of buildings situated along highways; polycentric structure is also common due
to the interaction satellite cities. Also, all metropolitan areas are characterized by lack of the
ecological balance between human activities and the natural environment. Highly urbanized
metropolises offer many economic advantages. However, these areas face numerous difficulties
ranging from physical and non-physical ones like transportation, environmental pollution and
uncontrolled physical development of residential and business centers. Scientists (Lalehpour, 2016)
argue the fact that concentration and severity of matters in a metropolitan area along with the number
and intricacy of the factors influencing these areas, require advanced solutions to reach
comprehensive strategies and coordination in management of spatial planning and land use in these
regions.

Effective management of a metropolis area needs geographic information systems (GIS) use. The
systems are designed for best decision-making in the field of urban planning, ecology, management,
problems solving. A GIS is an essential tool for collecting, storing, displaying and analyzing spatial
information about the city area (spatial objects, processes and phenomena that occur within the
territory of megacities and its neighborhood).

Method and Theory

Geoinformation support of metropolis should include the provision of the most reasonable
management decisions on the development of its territory. A GIS makes provision to all institutions
that are operating in the metropolitan area. It provides urgent information about resources, real estate,
engineering and transport infrastructure to all stakeholders. Nowadays the information environment of
the metropolitan area made by GIS should be based on the national and international standards for
spatial data infrastructure creation and operation (Pitak et al., 2012).

The term of geoecology was introduced for scientific use by the German physicist and
geographer K. Troll in 1939 for describing spatial interactions of natural phenomena and relationship
between different phenomena within a certain ecosystem (Tatarkin and Semyachkov, 2013). The term
"Geoecology" indicates on an interdisciplinary research approach and coincides with "Earth System
Science" (Figure 1). The of this field of research aims at a deeper and complex understanding of
environmental functions and processes, particularly related to finding solutions for anthropogenically-
induced challenges. The main hot spots of geoecological research are metropolises and mining
regions.

Metropolises are becoming larger in size and population growth that affects increasing pressure on the
environment and geoecological safety. The main issue of the metropolitan area geoecological security
is landscapes changes and contamination of lithosphere, atmosphere and hydrosphere due to
anthropogenic activity.
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Figure 1 Main sections of geoecology according to (Tatarkin and Semyachkov, 2013)

Metropolitan areas are characterized by a list of nature-population conflicts. There is air pollution by
enterprises and transport (mostly car), low quality of drinking water and accumulation of household
waste, acoustic pollution. The above factors continue to deteriorate under the pressure of transport and
other man-made loads, severely limiting the ability to manage the situation, which has already led to
negative environmental consequences. Kyiv is regularly ranked as a city with the most polluted air in
the world.

Most Ukrainian cities with a population of over 100,000 owe their development to industrial
enterprises. There are more than 400 enterprises in Kyiv, including enterprises of energy, chemical
and pharmaceutical industries, which significantly affected air pollution. The most contaminated areas
in the city are Sviatoshyn and Shulyavka, Podilsko-Kurenivsky and Darnytskyi industrial hubs, as
well as the central part of the city.

However, about 95% of air pollution in the city derives from vehicles. This is not surprising, because
the number of cars in Kyiv is constantly growing, in 2021 there are 400 cars per 1,000 inhabitants, the
average age of which is 16 years.

In our opinion, the officials of any modern metropolis, first of all, should take care of human needs.
Any city should have multifunctional areas with all the necessary infrastructure within walking
distance. It will not expand the number of lanes for cars but create convenient electric public transport
with dedicated lanes and smart traffic lights (maximum concentration of toxic substances is observed
at intersections and near traffic lights). Another issue is building a network of cycling infrastructure
and making pedestrian areas more comfortable.

These actions will give the inhabitants of megacities the possibility to lower the number of cars to
meet their own needs for comfortable movement in the city because they will have an alternative - fast
public transport, convenient bike paths, focused on people (including people with disabilities),
pedestrian and park zones.

When designing multifunctional areas, a resident of a metropolis will not need a car, because a person
will not have to travel tens of kilometres to the central part of the city to office and business districts,
and then return standing in traffic jams to the "sleeping area". The multifunctional area should provide
pedestrian or bicycle access to all social infrastructure needed by the citizen (shopping, business
centres, work and recreation areas, medical, educational and other institutions). Reducing the total
number of cars, reducing downtime in traffic jams, switching to environmentally friendly public
transport, using bicycles, increasing the area of greenery will reduce the level of pollution in Kyiv
from vehicles.
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The recreational attractiveness of traditional recreation areas and the quality of drinking water is
steadily decreasing. The volume of industrial wastewater discharges into natural surface water bodies
of Kyiv by industrial and communal enterprises is constantly growing. Nowadays water in the
Dnieper River within the agglomeration belongs to the 3rd class (moderately polluted water), as well
as locally within the city to the 4th class (dirty water). The water of the quality is not recommended
for water supply. The condition of intra-urban reservoirs and drains also remains unsatisfactory. The
lack of coastal water protection strips and the constant increase in pollution indicators lead to an
increase in the concentration of dangerous chemical compounds in the water bodies of the capital.
Most part of the surface water is characterized by a high level of pollution. As a result of discharges
of municipal enterprises, such pollutants as ammonium nitrogen, sulfates, copper, phosphorus,
chlorides, mercury, zinc, cadmium, etc. get into natural reservoirs. In addition, salts of heavy metals,
petroleum products, phenols, pesticides, nitrates, etc. enter the water. Unlike many European cities, it
is strictly forbidden to use tap water for drinking without prior purification in Kyiv.

The accumulation of industrial and household wastes is an important geoecological issue. Population
growth leads to constantly increasing waste volumes. Industrial and household waste cause many
problems, such as transportation, storage and disposal. The problem of landfills is one of the most
important and urgent among the problems of environmental pollution in the capital. Only the
introduction of a closed cycle of household waste recycling will solve this problem (currently only 5%
of household waste is recycled.

For example, the data for waste landfill modelling might be based on SRTM elevation data captured
within an international project spearheaded by the National Geospatial-Intelligence Agency (NGA)
and the National Aeronautics and Space Administration (NASA). Below (Figure 2) is shown
elevation and steepness of slope visualizations made by authors using Google Earth Engine (Lehner et
al., 2008).

Figure 2 Landfill of large and construction waste Ne 6 Private Joint Stock Company "Kyivspetstrans"
Pirogivsky Shlyakh street, 94-96. (a) ESRI imagery, (b) elevation visualization, (c) photo by Yevhen
Ivashchenko, (d) steepness of slope visualization
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Acoustic pollution is also one of the most important problems. It occurs due to the growth of transport
mobility of the population. Acoustic pollution in Europe kills about 12,000 people prematurely each
year, and 48,000 develop coronary heart disease. High noise levels also cause increased irritability
and often sleep disturbances. Traditionally, the main source of noise is transport: road, rail, aviation.
Studies have shown that traffic noise makes up 80% of all external noise in the city of Kyiv.

Nowadays some valuable methodical recommendations for environmental pollution effect
identification are proposed (Tatarkin and Semyachkov, 2013): (1) the object of research choice; (2)
substantiation of the main types of soils and its specific geochemical specialization; (3) pollution of
snow mantle, surface water and pedogenic horizon assessment; (4) the most significant man-made
impacts identification; (5) geoecological territory zoning; (6) identification of plants and animals
affected by contamination; (7) concentration and correlation dependences of harmful elements
assessment (blood, urine, hair); (8) research on contamination consequences (disease, physical
ugliness, deadly outcome, changes at the gene level); (9) environmental impact economic damage
assessment and decision making. The process of geoecological safety analyzing should be made
according to the monitoring data. Obviously, there is a need to process large arrays of statistical data.
The solution is the integration of GIS into the system of environmental protection of the metropolis.

The main part of the metropolis geoecological state GIS is the analytical unit, which ensures the
implementation of the following functions: a) selection and preliminary statistical data processing,
rationing; b) data analysis, which uses basic statistics calculating methods, in particular a multi-level
imaging algorithm, including factor analysis (principal components method), cluster analysis and
multidimensional scaling; c) forecast of development trends: on the basis of the analysis of time
series. It is possible to make a functional-stochastic model of separate components behaviour and to
define trends of development of the system at all; d) visualization - showing the results of the analysis
on a map, creating maps of spatial correlations, maps of the spatial distribution, generalized pollution
factors, integrated risk assessments etc. (Kameneva et al., 2008). The final stage of the metropolis
ecological state analysis is the high-risk areas maps design.

Conclusions

Environmental policy in the metropolitan area has always required structured spatial information as to
its cornerstone. The article shows the importance of using GIS in geoecological research on
metropolis areas. Nowadays creating effective GIS applications for metropolitan area management is
everything to do with understanding, creativity and perspective. That is why a metropolis
geoecological state GIS should be a tool for spatial data estimation and decision support for
metropolitan officials. It should consist of four important blocks: data processing, data analysis,
forecast of development trends and data visualization and scenarios modelling. As a result, one who
operates the system should have much more choices for urban area optimization.
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