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Geoecological analysis of urban systems is a study aimed at identifying the prerequisites for the
emergence of a city, characteristics of the terrain and engineering-geological conditions, assessment
of other components of the natural environment, analysis of the load on the environment, determining
the scale of transformation processes, obtaining information about the geoecological consequences of
the city functioning as a technogenic system, forecasting changes in environmental conditions. The
purpose of the analysis is a comprehensive study of city life aspects - its structure, states, functioning,
trends of anthropogenic changes to solve management, prognostic and optimization tasks. The
geoecological analysis of urban systems is an integral component in comprehensive studies of urban
settlements, and its results are the ground for the implementation of the urban ecological monitoring
program and optimization of the cities’ functioning. The analysis must be carried out according to an
algorithm that combines a range of methods of historical-geoecological reconstructions of the state of
city landscapes and their components, territory development and transformation of environmental
components with methods of field, laboratory and cartographic studies of the geoecological state of
urban systems.
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Introduction

Intensification of urbanization, which increases the number of cities and population in them, leads to
the activation of negative processes, in particular to the deterioration of the ecological state of the
natural environment, the impoverishment of biotic and landscape diversity, the emergence and
intensive development of dangerous natural and anthropogenic processes, worsening of sanitary and
epidemiological living conditions of the population.

This scenario requires attention to the problems of large and small urban settlements, to identifying
the causes of their occurrence, conducting monitoring studies of natural and anthropogenic factors
that affect components of urban systems and environmental deterioration (Kucheriavyi, 1998;
Kovalchuk, 2003).

Geoecological analysis of urban systems is an important tool for studying these and other problems of
the city and for finding methods for their solving: application of geoecological knowledge to solve
problems of the cities’ functioning is an evidence of that (Bricker et al., 2024; Dmytruk, 2000;
Holscheretall, 2024; Ilvanov, 2021; Klymenko, Pryschepa, & Brezytska, 2009; Koroso, &
Zevenbergen, 2024; Kovalchuk, 2003; Kuzyk, & Tsaryk, 2020; Pickett et al., 2024; Potapchuk, &
Bychkovska, 2020; Yatscenko, & Korotkova, 2022). An actual task is to find ground for scientific
principles and algorithms of geoecological study of urban systems and their geoecological monitoring
(Kovalchuk, 2003; Nazaruk, & Zhuk, 2014).

Method and Theory

Geoecological analysis of urban systems (GAUS) is a study aimed at identifying the prerequisites for
the emergence of a city, characteristics of the terrain and engineering-geological conditions,
assessment of other components of the natural environment, analysis of the load on the environment,
determining the scale of transformation processes, obtaining information about the geoecological
consequences of the city functioning as a technogenic system, forecasting changes in environmental
conditions. Such understanding of the analysis is the ground for geoecological monitoring of urban
systems, which consists of observations, collection, accumulation, processing, generalization and
interpretation of information about the state of natural, technogenic, and human (social) components
at the current and past stages of development, data visualization, forecasting changes, informed
managerial decisions on optimizing and functioning of urban systems. GAUS in a broad interpretation
includes the collection and evaluation of information about the state of the components of urban
systems: from geological structure and area terrain on where the city is formed to the properties of
soils, surface and underground waters, biota, architectural buildings, industrial and cultural objects,
transport and communications, as well as the population, its life activities and health.

The goal of GAUS is a comprehensive study of city life aspects - its structure, states, functioning,
trends of anthropogenic changes to solve management, prognostic and optimization tasks. Tasks of
the analysis are:

1) analysis of the state of the natural environment;

2) singling out stages in the city formation;

3) assessment of the scale and intensity of transformational processes;

4) provision of retrospective information for the geoecological monitoring system;

5) identification of geoecological consequences of the city's growth;

6) creation of a GIS model;

7) forecasting the development trajectories of urban systems;

8) socio-ecological analysis of the state and functioning of the social component of the city,

described by M. Nazaruk and Yu. Zhuk (2014);

9) popularization of knowledge about urban systems;

10) implementation of advanced ideas in general plans and comprehensive programs of

development, reconstruction, regeneration of existing or war-damaged settlements, or

construction of new urban settlements in Ukraine.
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An important component of geoecological studies of urban systems is the selection and analysis of
landscape-architectural elements, groups, massifs, complexes and systems (Dmytruk, 2000).
Traditional approaches of landscape content to the study of urban systems are also known (Kruhlov,
2020). In the case when the topography of the city is divided by rivers of different orders and a beam
network, we suggest using a basin approach to the geoecological analysis of the city. The initial
information should be (Kovalchuk, 2003):

1) paleogeographical data that reflect the natural conditions that preceded the stage of

settlement on the territory and emergence of the city;

2) archaeological data that allow establishing the date of the origin of settlements - to

reproduce the natural conditions of that time, peculiarities of the location of settlements, their

impact on the natural environment;

3) historical facts, recorded in annals and other written documents, which reflect specific

features of the time of origin or a certain stage of settlement development;

4) archival documents that relate to the history of settlement in the region, the emergence of

cities, construction and functioning of objects in the city, the creation of green spaces, etc.;

5) plans, topographic and thematic maps, which reflect the structure of the terrain, location of

the hydrographic network elements, forests, meadows, parks, squares, roads, streets and

buildings, squares and other objects of the architectural and planning framework of the city;

6) materials of remote sensing of the Earth, which inform about the landscape and

architectural mosaic of the city, the trends of its development and ecological state of the

components;

7) documents of planning and landscape and architectural content (general plans of the city,

plans for prospective development of city areas, design of green spaces, recreation facilities);

8) statistical information on the natural resource, ecological, demographic, industrial and

economic, tourist, cultural potential of the city;

9) monitoring data that reflect the state and changes in the components and factors of the

urban systems;

10) GIS of the city, web portals;

11) literary sources.

Examples

Prior to geoecological studies of urban systems, it is important to choose methods and techniques for
study and their combination in the form of a comprehensive methodology. The methodology is a
system of traditional, new and innovative methods and techniques of local and regional analysis,
synthesis and forecasting, based on landscape and system approaches and theoretical positions that
interpret the city as a block structure and where the natural (landscape and its components)
technogenic (buildings, architectural buildings, communications), socio-natural (people), geocultural
(natural monuments, history, culture) and mental (ethnotraditions, behavior, spirit of the city)
subsystems are connected (Dmytruk, 2000; Kovalchuk, 2003; Nazaruk, & Zhuk, 2014). The research
methodology is reflected in the algorithm (Fig. 1). The results obtained at intermediate stages are used
as a basis to carry out research at further stages.

Taking into account the study of urban systems (Kovalchuk, 2003), we offer an algorithm for their
geoecological analysis (Fig. 1). According to the algorithm, an assessment of the condition was made,
the scale and trends of the transformation of the river network, vegetation cover, buildings, and the
transport network of Lviv were determined for different intervals of the 20th century. Maps of
changes in the density of the river network, density of roads, degree of development of the area, etc.,
were also designed. These maps serve as a ground for forecasting changes in environmental
components, planning nature protection and nature restoration measures, assessing the geoecological
state and potential of urban landscapes. The difficulty of obtaining information about the structure and
state of urban systems at early stages of their development is a problem. This is due to the incomplete
historical data on the natural conditions and sizes of urban settlements in the past; low accuracy of the
first cartographic works, which depicted the components of the natural environment of the city, its
buildings and communications.
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These circumstances negatively affect the quality of geoecological reconstructions; high cost of
identification methods for the age of landscapes and urban system elements; relevance to use GIS
technologies and satellite images in the geoecological study of urban systems.

1. Goal setting and tasks

2. Concept justification

2.1. Choice of approach

Geosystemic Administrative Basin

2.2. Selection of methods, development of methodology

3. Analysis

3.1. Collection of geoecological information about the structure,
state and functioning of the urban system

Archaeological and paleogeographic Social and geographic Cartographic
Historical Spatial planning Aerospace
Modern information Natural and geographical Statistical, literary, other

3.2. Analysis of the state of components and subsystems of the urban system

Retrospective analysis of the state Retrospective analysis of the state of Retrospective analysis of the
of natural components economic, settlement, recreational, impact of natural and man-made
nature protection subsystems subsystems, ecological effects

3.3. Generalization, systematization of data, GIS modeling of urban system states

3.4. Assessment of trends and scales of transformation of the city natural environment

Geological environment Relief Soils

Plant cover Surface and underground waters Atmospheric air and landscapes

3.5. Determination of trends and scales of changes in the state of economic objects and
complexes, the development of natural, technogenic and social processes

Assessment of changes in land, Asessment of changes in settlement Assessment of changes in the
forest, and water use and transport load ecological situation and processes

4. Synthesis of geoecological information about the state and functioning of the urban system,
outline of geoecological, economic and social problems

Ecological zoning of the Predicting the geoecological state, Justification for making
city territory development of dangerous processes management decisions

5. Use of analysis data in the correction of economic, nature protection, social programs
and geoecological monitoring of the urban system and its components

Figure 1 Conceptual principles and algorithms of geoecological analysis
and geoecological monitoring of the urban system

Conclusions

The geoecological analysis of urban systems is an integral component in comprehensive studies of
urban settlements, and its results are the ground for the implementation of the urban ecological
monitoring program and optimization of the cities’ functioning. GAUS should be carried out
according to an algorithm that combines a range of methods of historical-geoecological
reconstructions of the state of city landscapes and their components, territory development and
transformation of environmental components with methods of field, laboratory and cartographic
studies of the geoecological state of urban systems.
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