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ABSTRACT

Urban agglomerations are complex, open, and dynamic territorial systems that play a central role in spatial development, inno-
vation, and societal well-being amid the challenges of globalization, environmental risks, and socio-political instability. In the context
of war, forced displacement, and widespread infrastructure damage, urban agglomerations in Ukraine have emerged not only as centers
of population concentration but also as crucial hubs for resilience, recovery, and strategic planning.

The purpose of this study is to conceptualize the urban agglomeration as a functional subsystem of the social and geographical
system “and to develop a structural model that integrates internal subsystems with multilevel external environments. The research aims
to identify key elements of internal interaction and external influence, explain the systemic logic of agglomeration dynamics, and
determine the role of governance in ensuring sustainability and resilience. The methodological foundation combines a human-geo-
graphical approach with systemic, synergistic, and sustainable development paradigms, supported by modeling, typology, content
analysis, and analytical synthesis.

Results. The paper presents an original structural model of an urban agglomeration comprising eight interconnected internal
subsystems: social, economic, demographic, innovation-technological, architectural-construction, infrastructural-service, transport-lo-
gistics, and natural-ecological. These subsystems interact via synergistic mechanisms and form a cohesive internal environment capable
of adaptive self-regulation. Particular attention is paid to the governance subsystem, which includes strategic (conceptual planning),
executive (implementation of decisions), and monitoring (evaluation and feedback) functions. This subsystem plays a crucial role in
managing complexity and ensuring long-term sustainability. The model also systematizes the external environment into three hierar-
chical levels: regional, national, and global. Each level generates specific political, legal, economic, cultural, and technological impacts
that shape agglomeration development. Five types of interaction—internal systemic connections, adaptive feedback loops, energy ex-
change, resource flows, and information-communication channels—are identified as mechanisms that maintain functional integrity,
enable adaptation to external shocks, and support sustainable development trajectories. The proposed model contributes to the theoret-
ical foundation of urban agglomeration studies by bridging disciplinary gaps and integrating spatial, functional, and governance di-
mensions into a unified systemic framework. It offers practical utility for strategic planning, urban policy design, sustainability assess-
ment, and post-war reconstruction. This framework is especially relevant for countries and regions undergoing crisis or transformation,
where resilient urban systems must be built on principles of sustainability, inclusiveness, and interconnectivity.

Keywords: urban agglomeration, social and geographical system, sustainable development, urban management, adaptive sys-
tem, external environment.
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Introduction. Cities and urban agglomerations
play a pivotal role in the contemporary globalized
world, concentrating various types of resources (hu-
man, financial, innovative, etc.) and functioning as
spatial and organizational centers of population set-
tlement that accumulate major flows of energy and
information, serving as key elements of the global
network [20]. However, the excessive expansion of
urbanized areas gives rise to a wide range of chal-
lenges, including environmental degradation, social
polarization, and unequal access to basic services and
resources. In this context, the issue of the formation
and development of urban agglomerations in the
framework of human geography becomes increas-
ingly relevant — particularly under the imperative to
transition toward a sustainable development model
that ensures a balance between economic, social, and
environmental components.

On the one hand, agglomerations act as powerful

centers of national economic growth and catalysts of
modernization and innovation. On the other hand,
they represent complex territorial entities that gener-
ate significant anthropogenic pressure and elevate the
risks of ecosystem depletion and spatial inequality
[20]. This binary nature of urban agglomerations—
simultaneously productive and vulnerable—necessi-
tates a fundamental rethinking of traditional ap-
proaches to their research, planning, and governance.
This involves not only formal delineation of agglom-
eration boundaries and statistical assessment of de-
mographic and economic indicators but also a deeper
conceptualization of urban agglomerations as com-
plex, multi-level, and dynamic subsystems within the
broader socio-geosystem.

Such a perspective requires an in-depth analysis
of their internal structure and governance subsys-
tems, as well as the levels and types of external influ-
ences. Given that modern urban agglomerations are
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increasingly developing along non-linear trajectories,
it is critically important to incorporate the principles
of synergetics into their study. Accordingly, contem-
porary human geography must focus on the develop-
ment of a new theoretical and methodological frame-
work for the study of urban agglomerations—one that
can adequately interpret their nature, dynamics, inter-
actions with the environment, and potential for sus-
tainable development [12, 53]. This includes not only
the categorical redefinition of core concepts but also
the creation of new methodological tools for spatial
analysis, assessment of agglomeration resilience, and
the development of integrated planning strategies
aligned with the challenges of the twenty-first century.

Particular emphasis in this context is placed on
the implementation of Sustainable Development
Goal 11: «Make cities and human settlements inclu-
sive, safe, resilient and sustainable». This goal under-
scores the importance of transforming urbanized
spaces in a way that ensures spatial inclusivity, eco-
logical balance, access to housing and transport,
among other objectives [23, 53].

While the relevance of this study applies to ur-
ban agglomerations in general, it is particularly acute
for those in developing countries or regions experi-
encing turbulence and uncertainty—such as Ukraine.
The country not only faces the challenge of rebuild-
ing its war-torn cities but also the necessity of form-
ing a qualitatively new urban space—safe, inclusive,
and adaptive [8, 31].

In this regard, the scientific objective of the
study is to refine the conceptual and terminological
framework of the human-geographical approach to
urban agglomerations in the light of sustainable de-
velopment principles. At the same time, a key practi-
cal task lies in the development of strategic models
for the spatial planning of agglomerations that incor-
porate social equity, ecological balance, and eco-
nomic viability [23, 27]. Of particular importance is
the search for mechanisms to integrate agglomeration
structures into national and regional spatial develop-
ment policies, taking into account population needs,
environmental challenges, and the potential of digi-
talization in governance processes [21, 30].

Thus, there is a growing need for a comprehen-
sive scientific understanding of urban agglomera-
tions as key objects of the spatial organization of so-
ciety — one that is grounded in the principle of bal-
ance between development and preservation, be-
tween economic efficiency and environmental safety,
and between local interests and global commitments.
Such an approach is not only theoretically justified
but also practically essential for achieving Sustaina-
ble Development Goal 11 and ensuring a viable urban
future.

Analysis of Recent Research and Publica-
tions. With the emergence of megacities and global-

level urban agglomerations, these forms of urbanized
territories have become powerful centers not only for
the concentration of various types of resources but
also for the accumulation of pressing global chal-
lenges [9, 19]. In many countries, the process of ur-
banization has assumed an uncontrolled character,
necessitating deep reflection by the academic com-
munity and the active involvement of a broad range
of stakeholders—including government, civil society,
and business [38].

A significant milestone in shaping the modern
European urban development model was the Charter
of European Cities Towards Sustainability (Den-
mark, 1994), which laid the foundations for long-
term urban development strategies with an emphasis
on quality of life, environmental protection, and bal-
anced spatial planning. In 2007, the Leipzig Charter
was adopted, recognizing urban agglomerations as
anchor points of Europe’s polycentric territorial sys-
tem, capable of fostering balanced regional develop-
ment and modernization of institutional governance
frameworks [33].

In response to growing global challenges—in-
cluding climate threats, demographic shifts, urban
fragmentation, and social inequality—the New Leip-
zig Charter was endorsed in 2020. It proposed an in-
novative vision of the city as a “laboratory for solving
global problems,” with a particular emphasis on large
cities and agglomerations as spatial entities capable
of ensuring inclusivity, compactness, functional di-
versity, and resilience, based on cultural, social, eco-
logical, and economic interactions.

Urban agglomeration is thus a multidimensional
and interdisciplinary research object that encom-
passes social, economic, demographic, cultural, eco-
logical, and infrastructural elements. Within the
structure of the socio-geosystem, it functions as a
meso-level unit of society’s spatial organization [21,
32]. Urban agglomerations are therefore defined as
key functional nodes within the global urban system,
whose efficiency significantly influences the realiza-
tion of sustainable development goals [53].

The theoretical and methodological basis for the
study of cities and urban agglomerations in human-
geographical research was laid by Walter
Christaller’s central place theory. It justified the hier-
archical organization of settlements and their spatial
distribution as a result of market forces, accessibility,
and functional division of labor. This theory intro-
duced the concept of a dominant city—essentially an
urban agglomeration—as a spatial form for organizing
urban functions [6].

Subsequent conceptual development was influ-
enced by John Friedmann’s theory of world cities,
which viewed megacities as the primary nodes of
global control and economic coordination [11].
Saskia Sassen elaborated this concept further by
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introducing the idea of the global city as a space with
high concentrations of financial institutions, ad-
vanced services, and transnational functions. To-
gether, these concepts established a foundation for
understanding cities and urban agglomerations as
central elements of the global urban system [51].

Peter Hall’s work expanded the notion of poly-
centric urban structures, presenting cities not as mon-
olithic cores but as composed of multiple intercon-
nected centers. This model is especially relevant to
contemporary urban agglomerations, which increas-
ingly take on multi-nodal configurations [15]. In a
similar vein, Manuel Castells proposed the concept
of networked urbanism, where the city functions as a
communicative network linking sites of intense infor-
mation exchange and knowledge production within
the global economy.

In the context of the non-linear dynamics of ur-
ban systems, the principles of synergetics have be-
come particularly significant [5]. The ideas of Her-
mann Haken and Ilya Prigogine enable us to consider
urban agglomerations as open, non-linear systems ca-
pable of self-organization, adaptation, and resilience
in response to both internal and external disturbances.
This becomes especially relevant in analyzing the
adaptive behavior of urban agglomerations under cri-
sis conditions—whether of natural or anthropogenic
origin [14, 49].

Edward Soja's perspective on the post-industrial
city as a fragmented, hybrid space characterized by
multi-vector spatial identity also contributes to this
discourse. In this view, cities and urban agglomera-
tions represent intersections of real and virtual
spaces, where traditional boundaries dissolve, and
discreteness gives way to continuity [52].

Contemporary studies increasingly extend the
typology of agglomeration forms to include megalop-
olises, mega-regions, and technopolises as examples
of innovation-oriented urban clusters. Research on
current urbanization processes and the formation of
urban agglomerations is attracting growing attention
from scholars in various disciplines.

An analysis of Ukrainian academic literature on
urbanization and agglomeration development reveals
the object’s pronounced interdisciplinary nature. Hu-
man geographers — such as Yu. Pityurenko [47], H.
Topchiiev [54], O. Shablii [55], Ye. Marunyak [35],
S. Kostrikov [18], Yu. Palekha [44], V. Poruchynskyi
[48], R. Lozynskyi [34], K. Mezentsev [36, 37], H.
Pidhrushnyi [45, 46], I. Pylypenko [50] — alongside
experts in related fields such as M. Babaiev [1], L.
Bychenko [4], M. Diomin [7], and S. Bohachov [3],
have addressed various dimensions of urban agglom-
eration development, including geo-urbanistic, eco-
nomic, administrative, social, ecological, urban plan-
ning, legal, and other aspects.

Given the new challenges of decentralization,

post-war transformation, climate change, and popu-
lation mobility, there is a pressing need to develop a
comprehensive, interdisciplinary methodology for
studying urban agglomerations in both Ukraine and
the global context.

In our previous studies, we have explored the
features of urban agglomeration formation and devel-
opment from the perspective of human geography—
particularly in the case of Kharkiv Oblast. We have
analyzed global agglomerations through the lens of
synergetic theory, investigated global cities and urban
agglomerations, and examined the prospects for hu-
man-geographical research on agglomerations [19—
31, 39]. We have also considered methods and ap-
proaches for delineating urban agglomeration bound-
aries in the spatial dimension.

However, in our view, one of the most pressing
theoretical and methodological tasks is the develop-
ment of a structural model that would clarify the in-
ternal environment of an urban agglomeration, the in-
fluences of the external environment, and their con-
stituent elements.

Urban agglomerations are urbanized areas func-
tioning as complex spatial entities characterized by a
high degree of socio-economic, infrastructural, and
informational interaction. While recent academic dis-
course has paid considerable attention to the spatial
organization of agglomerations—their morphological
types, hierarchies, and boundary delimitation—less at-
tention has been given to their functional structure as
subsystems of the socio-geosystem. Specifically un-
der-researched are the internal interactions between
subsystems, the mechanisms of system support and
adaptability, and the degree of openness and resili-
ence to external influences.

Equally underexplored are the processes of in-
teraction between urban agglomerations and the ex-
ternal environment. Most existing studies treat the
external environment in a fragmented way, lacking
adequate systematization of its structural levels, di-
rections of influence, and types of linkages.

Moreover, the issue of agglomeration govern-
ance remains highly relevant. Urban agglomerations
function as complex, open systems that require effec-
tive coordination among subsystems, real-time mon-
itoring of system status, and the capacity to respond
to challenges such as socio-economic polarization,
environmental threats, and transport congestion. As
of now, there is no unified model of governance in-
terventions that allows for strategic planning, regula-
tion, and control of agglomeration development in
dynamic environments.

In the context of transitioning to a sustainable
development paradigm, particular attention must be
paid to the interrelations between the internal ele-
ments of agglomerations and external factors influ-
encing the achievement of balance across the social,
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economic, and environmental dimensions of sustain-
ability. The key problem lies in the absence of a com-
prehensive, scientifically grounded model that would
systematize all agglomeration subsystems, define
types of interactions among them, and determine the
role of the governance subsystem in implementing
sustainable development strategies

Methods. The aim of the study is to develop a
conceptual understanding of the urban agglomeration
as a complex subsystem of the socio-geosystem in the
context of implementing the principles of sustainable
development, to construct a structural model of its or-
ganization, and to substantiate the functional interac-
tion between its internal subsystems and external in-
fluences. The research employs a human-geograph-
ical approach, which allows urban agglomerations to
be considered as complex elements within the «soci-
ety—nature—economy» system; a systems approach,
which provides a holistic view of the agglomeration’s
internal structure as an interconnected set of func-
tional subsystems and their linkages with the external
environment; a synergetic approach, which enables
the analysis of the agglomeration’s capacity for self-
regulation, resilience, equilibrium, and adaptation
under external disturbances; and the concept of sus-
tainable development as a methodological foundation
for analyzing the transformation of urban agglomer-
ations in accordance with its goals and objectives.
Throughout the study, several methods were applied:
the modeling method was used to construct the struc-
tural model of the urban agglomeration; content anal-
ysis served to explore relevant scientific sources, the-
oretical concepts, and development programs; analyt-
ical synthesis was employed to summarize interdisci-
plinary approaches; the typological method was used
for the classification of internal subsystems; the
graphical-analytical method supported the visualiza-
tion of the structural model and its components; and
the method of analogy was applied to adapt effective
global practices for the governance of urban agglom-
erations.

Results. Given the complexity of urban agglom-
eration structures and their inherent functions, a
pressing scientific task is to develop models that con-
sider not only their internal configuration but also
their adaptive interactions with regional, national,
and global environments. This approach allows not
only for a description of the spatial-functional organ-
ization of the urban agglomeration but also for an
analysis of its potential for sustainable development
under conditions of uncertainty. The term urban ag-
glomeration is herein proposed to be understood as
«a complex, open, and dynamic spatial-functional
subsystem of the socio-geosystem, formed through
the integration of a central settlement core with sur-
rounding urbanized territories, characterized by in-
tensive internal linkages, a hierarchical structure, the

capacity for self-organization and adaptation, as well
as the ability for self-development under the influ-
ence of external and internal factors through fluctu-
ations, bifurcation points, and phase transitions that
determine its further development trajectory». The
urban agglomeration functions as a component of the
socio-geosystem, which is marked by the intercon-
nection of its subsystems, the presence of multilevel
linkages, synergetic properties, and adaptive capac-
ity. It possesses an integrated structure comprising an
internal environment, a governance subsystem, and
an external environment composed of various hierar-
chical levels [30]. Within the framework of the urban
agglomeration model, the internal environment is
conceptualized as a complex, interconnected system
consisting of eight key subsystems that ensure its vi-
ability, integrity, and operational resilience: social,
economic, demographic, innovation-technological,
architectural-construction, infrastructure-service,
transport-logistics, and natural-ecological (Fig. 1)
[12, 14].

The social subsystem of an urban agglomeration
represents a key element of its internal environment,
reflecting the qualitative characteristics of the popu-
lation’s living conditions, the level of social integra-
tion, accessibility to basic services, and the degree of
development of social capital. It plays a critical role
in shaping an inclusive, cohesive, and adaptive social
space that ensures the stability, resilience, and viabil-
ity of the urban agglomeration [35, 27]. The social
subsystem is closely integrated with the demographic
subsystem, which includes population characteristics
(such as total population, age and gender structure,
ethnic composition, migration, and mobility); with
the infrastructure subsystem (covering health care,
education, social protection institutions, and cultural
and recreational facilities), ensuring a decent stand-
ard and quality of life (housing conditions, income
levels, access to services); and with indicators of so-
cial mobility and cohesion (integration of vulnerable
groups, public participation in decision-making, local
identities), as well as security parameters (law and or-
der, population's sense of safety) [54].

Functionally, the social subsystem supports so-
cial equity, fosters mechanisms of social integration,
and responds to external threats—including natural,
anthropogenic, epidemiological, and military shocks.
A specific feature of this subsystem is its spatial het-
erogeneity, manifesting in the uneven distribution of
social benefits between the core and the periphery of
the urban agglomeration [2]. In Ukraine, these phe-
nomena have been exacerbated by internal migration
and forced population displacement due to military
conflict. Within the framework of the UN Sustainable
Development Goal 11 ("make cities and human set-
tlements inclusive, safe, resilient, and sustainable"),
the social subsystem is not only an object affected by
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Fig. 1. Internal Environment of an Urban Agglomeration (compiled by the author)

urban transformation but also an active agent in shap-
ing a qualitatively new urban space [53]. It serves as
an indicator of progress toward social justice, inclu-
siveness, and equal access to resources and services
— all of which directly influence the resilience of the
urban agglomeration.

The natural-ecological subsystem of the urban
agglomeration is another core component of its inter-
nal environment, ensuring ecological balance and the
capacity of the urban space to adapt to climate and
technogenic challenges. It includes both natural com-
ponents of the agglomeration environment (green
zones, water bodies, soils) and anthropogenically
transformed elements of ecological significance—
such as industrial areas, transport infrastructure, solid
waste disposal sites, wastewater treatment facilities,
and water supply and drainage systems [8, 23].
Within urban agglomerations, the natural-ecological
subsystem operates under constant intensive pressure
due to high population density and the presence of
industrial facilities [1].

Its key functions include maintaining environ-
mental balance, environmental protection, creating a
comfortable living environment, securing natural re-
sources for human activity, and implementing spatial
zoning that accounts for environmental constraints
and risks. It plays a buffer role between the urban
core and the external environment, absorbing part of
the environmental burden, regulating microclimates,
purifying air, and more. Structurally, the natural-eco-
logical subsystem consists of green infrastructure
(parks, squares, forest parks, gardens, and recrea-
tional areas); water systems (rivers, lakes, reservoirs,
stormwater infrastructure); land resources (urban
soils, regeneration zones); environmental quality
support services (air purification, temperature regula-

tion, hydrological balance maintenance); and a sys-
tem for environmental monitoring and risk manage-
ment [9]. It is closely linked to other subsystems—par-
ticularly infrastructure, transport, architectural-con-
struction, and social-since environmental conditions
directly affect human health, living standards, safety,
and overall quality of life. This subsystem acquires
special significance in the context of global ecologi-
cal change and climate policy implementation [16].
Critical tasks include climate change adaptation, re-
duction of greenhouse gas emissions, waste manage-
ment, remediation of contaminated sites, expansion
and quality improvement of green areas, and conser-
vation of natural reserves. These efforts are central to
ensuring the sustainable development of urban ag-
glomerations. Moreover, the integration of “green”
and “blue” infrastructure principles into urban plan-
ning systems remains equally vital [38]. In the con-
text of the UN Sustainable Development Goals, the
natural-ecological subsystem is directly related to
Goals 6 (clean water and sanitation), 11 (sustainable
cities and communities), 13 (climate action), 14 (life
below water), and 15 (life on land). Its effective func-
tioning is a prerequisite not only for environmental
but also for social and economic resilience of the ur-
ban agglomeration [53].

The economic subsystem is one of the core ele-
ments of an urban agglomeration’s internal environ-
ment, as it determines the level of resource provision,
competitiveness, investment attractiveness, and the
overall development of the entire system. Its func-
tioning is based on the interaction among entrepre-
neurial, industrial, service, financial, and innovation
sectors, which ensure the circulation of material and
financial flows, job creation, generation of gross re-
gional product, and the filling of local budgets [3].
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The economic subsystem serves as a foundation for
social stability, structural transformation, and the spa-
tial growth of the agglomeration [4].

Its structural components include industrial
clusters, business centers, labor markets, develop-
ment institutions (such as technoparks and business
incubators), agro-industrial zones, trade and logistics
complexes, as well as small and medium-sized enter-
prises. The subsystem exhibits spatial heterogeneity
and displays uneven patterns of economic activity
within the agglomeration. The central core is typi-
cally characterized by higher economic activity,
while in a post-industrial society it tends to concen-
trate information flows and innovation. The periph-
ery, in contrast, demonstrates lower levels of eco-
nomic activity and often hosts industrial and agro-in-
dustrial functions [2, 35].

The primary functions of the economic subsys-
tem include ensuring population employment, creat-
ing conditions for investment and entrepreneurship,
supporting regional specialization, and integrating
into global economic networks. It also facilitates the
development of business support infrastructure and
maintains the financial self-sufficiency of territories
[43]. In addition, it provides social transfers through
taxation systems, supports the development of
transport and social infrastructure, and contributes to
the modernization of other subsystems through inno-
vative products and services.

In the context of sustainable urban development,
the economic subsystem must ensure not only growth
but also balance. This implies a transition to a “green
economy” model, the development of circular pro-
duction, the promotion of innovation, and investment
in socially and environmentally significant sectors.
Particularly important is the transformation of indus-
trial potential in agglomeration centers toward high-
tech, energy-efficient, and environmentally neutral
production.

In the current context of global instability, war-
fare, infrastructure destruction, and disrupted logis-
tics in Ukraine, the adaptability of the economic sub-
system becomes critical for territorial recovery and
subsequent growth. Urban agglomerations have the
potential to serve as engines of recovery, as they con-
centrate the country's key financial-industrial, educa-
tional-scientific, and labor resources. The restoration
of production chains, attraction of foreign invest-
ment, and development of innovation-oriented envi-
ronments are essential elements of strategic eco-
nomic governance [4].

The economic subsystem is closely intercon-
nected with other internal components of the urban
agglomeration. It requires high-quality infrastructure
(transport and utilities), an educated and healthy pop-
ulation (social subsystem), a favorable ecological en-
vironment, effective spatial planning, and efficient

governance. Its performance directly determines the
agglomeration’s resilience to external shocks and cri-
ses, as well as its capacity for self-development
[31, 38].

Within the framework of the UN Sustainable
Development Goals, the economic subsystem is pri-
marily linked to Goals 8 (Decent Work and Economic
Growth), 9 (Industry, Innovation, and Infrastructure),
11 (Sustainable Cities and Communities), and 12
(Responsible Consumption and Production). Its func-
tional integration into the urban agglomeration model
ensures the coherence of the socio-geosystem, devel-
opment dynamism, and achievement of economic re-
silience [53].

The demographic subsystem ensures the repro-
duction of human capital and is a critical element of
the urban agglomeration’s internal environment, as
human capital determines not only the quantitative
but also the qualitative parameters of its socio-eco-
nomic and spatial development. This subsystem
forms the foundation for the functioning of other ur-
ban components—from labor resources to consumers
of goods and services [48].

Key characteristics of the demographic subsys-
tem include total and population density, age, gender,
and ethnic composition, migration flows, and other
components of demographic dynamics. Also im-
portant are the population distribution between the
core, satellite cities, and peripheral areas; urbaniza-
tion indicators (urbanization level, share of urban and
suburban population); and settlement patterns (poly-
centric or monocentric). The subsystem is dynamic
and sensitive to internal and external challenges—eco-
nomic, political, environmental, and security-related.
This sensitivity is especially evident during times of
crisis: war, economic recessions, or pandemics. De-
mographic shifts such as depopulation, aging, deur-
banization, and internal displacement significantly
impact urban planning, demand for housing, educa-
tion and healthcare services, transportation load, and
the capacity of social infrastructure [54, 55]. Func-
tionally, the demographic subsystem provides labor
resources for the economic subsystem, serves as a ba-
sis for spatial planning (based on population density
and settlement structure), and generates social de-
mand for infrastructure (schools, hospitals, trans-
port). It supports the cultural and linguistic environ-
ment as part of social integration and stimulates in-
novation through youth clusters and mobile popula-
tion groups. Currently, the demographic subsystem of
Ukrainian urban agglomerations is undergoing sig-
nificant transformation. Mass internal displacement,
war-related population losses, complex security con-
ditions in the East, North, and South of Ukraine, and
the temporary occupation of territories pose substan-
tial challenges to the recovery of affected agglomer-
ations. At the same time, the demographic potential
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of Ukrainian urban agglomerations that have re-
ceived large numbers of displaced persons may either
strengthen or overburden local life-support systems
[26, 31].

From the standpoint of sustainable development,
demographic resilience becomes particularly im-
portant—i.e., the ability of urban agglomerations to
maintain adequate population levels, ensure popula-
tion renewal, and reduce depopulation. This requires
the development of programs to support young fami-
lies, ensure access to affordable housing, create safe
environments, and provide services for all age groups
[25]. Within the framework of the UN Sustainable
Development Goals, the demographic subsystem is
closely related to Goals 3 (Good Health and Well-Be-
ing), 4 (Quality Education), 5 (Gender Equality), 10
(Reduced Inequality), and 11 (Sustainable Cities and
Communities). Its effective functioning is a key pre-
requisite for long-term agglomeration resilience and
for the realization of the “city for people” concept [53].

The innovation and technological subsystem of
an urban agglomeration serves as a catalyst for devel-
opment and modernization, ensuring competitiveness
and sustainable growth. It encompasses a wide range
of institutions, including research organizations,
higher education institutions, technology parks, busi-
ness incubators, innovation clusters, as well as IT in-
frastructure, smart city management systems, and
digital services that facilitate the generation, transfer,
and implementation of cutting-edge knowledge, tech-
nologies, and solutions across all domains of urban
life and beyond [5, 16].

The innovation-technological subsystem en-
sures the agglomeration’s competitiveness, moderni-
zation, and implementation of innovative solutions
toward sustainable development. It is oriented toward
the generation, dissemination, and application of in-
novation across all other urban subsystems. Its struc-
tural components include academic and research in-
stitutions, business incubators, technology parks, in-
novation clusters, IT companies and digital plat-
forms, smart city infrastructure, and urban digital ser-
vices [10].

Key functional roles of the innovation-techno-
logical subsystem include the generation of innova-
tions (through R&D at universities and research cen-
ters), dissemination of technologies (adapting new
solutions for housing and utilities, transport, architec-
ture, medicine, education), digitization of governance
(e-governance systems, open data platforms, intelli-
gent decision-support tools), and fostering a creative
environment (supporting start-up culture, tech festi-
vals, educational hubs, and platforms for “govern-
ment-community-business” interaction) [10, 21].

The innovation-technological subsystem is di-
rectly linked to the United Nations Sustainable De-
velopment Goals (SDGs). In particular, it contributes

to the achievement of SDG 4 (ensuring quality edu-
cation and fostering scientific potential), SDG 9 (pro-
moting industry, innovation, and infrastructure),
SDG 11 (building sustainable and technologically ad-
vanced cities), and SDG 17 (developing partnerships
for the implementation of innovations) [53]. Its abil-
ity to respond adaptively to external challenges—such
as war, energy crises, economic recessions, or global
technological shifts (e.g., artificial intelligence, re-
newable energy, 5G, autonomous transport)—is of
particular importance. In the post-war recovery of
Ukrainian urban agglomerations, this subsystem will
act as a “locomotive” of reconstruction through the
development of new construction materials, green
technologies, digital infrastructure management plat-
forms, and innovations in security, logistics, and en-
ergy systems [21].

The effectiveness of this subsystem depends
largely on the availability of human capital, invest-
ment attractiveness, intersectoral cooperation, and
the presence of a strong research and educational en-
vironment capable of generating knowledge and pre-
paring specialists. Its integration into the economic,
social, and governance structures of the agglomera-
tion enables job creation, enhances service quality,
promotes inclusive territorial development, and re-
duces the digital divide. This subsystem plays a vital
role in achieving SDGs 9 (Industry, Innovation and
Infrastructure), 11 (Sustainable Cities and Communi-
ties), 4 (Quality Education), and 17 (Partnerships for
the Goals). The application of innovation and tech-
nology within urban agglomerations is a critical con-
dition for their resilience, mobility, ecological re-
sponsibility, and self-renewal capacity in a rapidly
changing global environment. Thus, the innovation-
technological subsystem not only transforms urban
agglomerations but also defines their future develop-
ment trajectory—from consumers to generators of in-
novative solutions, knowledge, and technologies [53].

The architectural and construction subsystem of
an urban agglomeration fulfills the fundamental func-
tion of shaping the anthropogenically transformed
physical environment in which population life pro-
cesses unfold. It encompasses urban development,
functional zoning, urban landscape morphology,
street and road network structure, types of residential
and public buildings, architectural design of urban in-
frastructure facilities, and the spatial logic of the lo-
cation of key functional centers and subcenters
within the urban agglomeration [1, 3]. This subsys-
tem embodies urban concepts and strategies through
construction, design, renovation, and technical mod-
ernization of infrastructure. It plays a crucial role in
determining the comfort, safety, attractiveness, and
functionality of the urban environment and in shap-
ing the visual identity and emotional perception of
the urban agglomeration for residents and visitors
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alike [7].

Its functional efficiency depends on its capacity
to adapt to contemporary urban challenges such as in-
creasing urban density, gentrification, and other
transformation processes. It must also address the
need for architectural principles that prioritize safety.
In the context of rebuilding Ukrainian cities after
large-scale destruction, this subsystem is tasked with
creating a new urban morphology grounded in prin-
ciples of sustainability, energy efficiency, barrier-free
access, digitalization, and spatial justice [17].

The architectural and construction subsystem
creates urban space not only for living but also for
working, recreation, communication, and socializa-
tion. Its effective functioning fosters polycentric spa-
tial models, reduces commuter migration, enhances
the attractiveness of peripheral zones, and optimizes
resource use within the agglomeration [2, 30]. New
architectural approaches emphasize inclusive design,
industrial zone revitalization, and preservation of cul-
tural heritage. Key areas for development include im-
plementing sustainable building standards, construct-
ing energy-efficient housing, harmonizing building
height with the natural environment, designing adap-
tive and inclusive public spaces, and integrating ar-
chitectural planning with natural and landscape fea-
tures. The alignment of the architectural-construction
subsystem with other agglomeration subsystems en-
sures systemic integrity and high-quality urban envi-
ronments. It is not only the technical foundation of
urban space but also an indicator of economic devel-
opment [1, 4].

This subsystem directly supports the achieve-
ment of multiple SDGs, particularly SDG 11 (Sus-
tainable Cities and Communities), by shaping safe,
inclusive, accessible, and ecologically balanced ur-
ban spaces with quality housing and effective zoning.
Under SDG 9 (Industry, Innovation and Infrastruc-
ture), it incorporates advanced construction technol-
ogies, energy-efficient materials, and intelligent de-
sign solutions.

The infrastructure and service subsystem of the
urban agglomeration plays a crucial role in ensuring
basic living conditions and in shaping a high-quality
urban environment. It encompasses a wide range of
service functions, including water and electricity sup-
ply, gas and heat provision, sanitation systems,
household services, and social, cultural, medical, ed-
ucational, administrative, and utility infrastructure.
Its performance directly influences urban comfort,
safety, social inclusion, and resident well-being,
while also acting as a determinant of urban resilience
[27, 54].

This subsystem interacts closely with other com-
ponents of the internal environment. It supports the
social subsystem through access to health care, edu-
cation, and social services; the economic subsystem

through logistics and business services; and the eco-
logical subsystem via waste management, recycling,
and resource control. The balanced operation of this
subsystem is a prerequisite for creating competitive,
inclusive, and environmentally responsible urban
spaces [36]. Within the context of sustainable devel-
opment, the infrastructure and service subsystem cor-
responds to SDG 3 (Good Health and Well-Being)
through quality healthcare access, SDG 4 (Quality
Education) through educational infrastructure, SDG
6 (Clean Water and Sanitation), and SDG 11 as a
basic mechanism for enabling safe, inclusive, and re-
silient cities [53].

The transport and logistics subsystem is a criti-
cally important component of the internal environ-
ment of an urban agglomeration. It ensures spatial
connectivity within the agglomeration, links to exter-
nal environments, population mobility, economic
functioning, and integration of the agglomeration
space. It includes systems of passenger and freight
transport, urban and suburban transport infrastruc-
ture, intercity and international transport corridors,
stations and airports, logistics hubs, sorting facilities,
and transport communication nodes. The effective-
ness of this subsystem significantly influences the
dynamics of socio-economic development, territorial
investment attractiveness, quality of daily life, and
environmental conditions [28, 55].

It serves as the connective framework that links
the urban agglomeration core with peripheral areas,
ensuring the circulation of people, goods, services,
resources, and information. It contributes to the ex-
pansion of the agglomeration’s spatial field, im-
proves transport accessibility, reduces time costs, and
increases productivity. Closely interacting with other
subsystems, it supports economic activity (by ena-
bling logistics and business functions), social pro-
cesses (by ensuring service access), ecological sus-
tainability (by influencing emissions and noise lev-
els), and architectural planning (by shaping the basis
for spatial planning and zoning) [29].

Within the framework of sustainable develop-
ment, this subsystem corresponds to SDGs such as
SDG 7 (Affordable and Clean Energy) through en-
ergy-efficient transport systems, SDG 9 (Industry, In-
novation, and Infrastructure), SDG 11 (Sustainable
Cities and Communities), and SDG 13 (Climate Ac-
tion). The transport and logistics subsystem thus
functions not only as the infrastructural backbone of
the agglomeration but also as a powerful regulator of
its spatial organization, socio-economic dynamics,
and environmental resilience. Its modernization is a
vital precondition for ensuring the sustainable, inte-
grated, and balanced development of urban agglom-
erations [53].

In conclusion, each subsystem fulfills specific
functions while forming part of a unified systemic
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entity that ensures adaptability and functional integ-
rity of the agglomeration. The interconnections
among these subsystems are systemic in nature, facil-
itating the exchange of resources, information, and
energy, as well as the implementation of governance
measures.

The next structural level of the model is repre-
sented by the agglomeration administrative system,

which includes management, executive, and monitor-
ing subsystems. These components are essential for
adapting internal processes to changes in the external
environment and for ensuring comprehensive urban
agglomeration governance (Figure 2) [41, 42].

The management subsystem is a key component
of the governance system of an urban agglomeration.
It defines the long-term development trajectory, est-

MANAGEMENT
SUBSYSTEM

ADMINISTRATIVE
SYSTEM

ADDRESSING
CHALLENGES

Fig. 2. Urban agglomeration governance system and its components (compiled by the author)

ablishes the institutional foundations, and ensures a
holistic vision of spatial transformation aligned with
the principles of sustainable development. This sub-
system functions as a generator of strategic decisions,
coordinating the activities of various stakeholders
and directing them toward achieving comprehensive
sustainability goals. One of its core functions is the
formulation of the conceptual basis for urban ag-
glomeration development. This includes defining the
mission, strategic priorities, tactical tasks, and opera-
tional objectives. The articulation of a development
vision makes it possible to identify the desired future
state of the agglomeration and guides inter-municipal
strategic planning—especially relevant for agglomer-
ations spanning multiple local governments or ad-
ministrative-territorial units. In this context, the

managerial subsystem must ensure the integration of
development goals across municipalities, alignment
of sectoral strategies, and harmonization of spatial
policies.

Its institutional foundation encompasses the es-
tablishment of urban agglomeration governance bod-
ies, the development of cooperation frameworks be-
tween municipalities, financing mechanisms for joint
projects, and the implementation of multilevel gov-
ernance principles [41]. Strategic management must
incorporate a participatory approach, involving com-
munity representatives, businesses, research institu-
tions, and civil society organizations in the decision-
making process. This aligns with SDG 16 regarding
inclusive institutions, accountability, and participa-
tion. Another critical function is the integration of
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sustainability principles at all levels of planning—
from local socioeconomic development programs to
master spatial plans. This requires balancing the three
pillars of sustainability: economic viability, social eq-
uity, and environmental responsibility. The manage-
rial subsystem must also be proactive and adaptive—
able to anticipate external risks (economic, geopolit-
ical, military, environmental, social, etc.) and de-
velop mechanisms to adjust to them. This includes
strategic foresight under uncertainty and scenario
planning.

The executive subsystem is a core component of
the governance system responsible for the practical
implementation of strategic decisions, management
programs, and regulatory mechanisms. Its primary
purpose is to translate governance objectives into
concrete actions, projects, and initiatives that ensure
the viability, resilience, and balanced development of
urban agglomerations [42]. It includes local govern-
ments and executive authorities functioning within
the agglomeration—city and town councils, depart-
ments for territorial development, urban planning,
transportation, public utilities, education, health care,
and more. It may also involve intermunicipal struc-
tures or development agencies tasked with coordinat-
ing cooperation, territorial planning, resource distri-
bution, and delegation of powers. Municipal enter-
prises, transport operators, education and healthcare
institutions, and social service providers form an es-
sential part of the executive system, delivering criti-
cal infrastructure and basic services [41].

The efficiency of this subsystem depends largely
on coordination between its components, the degree
of autonomy, availability of resources, and capacity
for innovation. Digitalization plays an increasingly
important role, including the use of data platforms, e-
services, participatory tools, and mechanisms of e-
governance. Given the spatial complexity of urban
agglomerations, the executive system must enable
multilevel governance that accounts for the specific
needs of agglomeration cores, suburbs, satellite
towns, and peripheral areas. In the post-war recovery
context, its mandate includes not only crisis response
but also ensuring long-term development in line with
sustainability goals. This requires integrating social,
economic, and environmental priorities; managing
change flexibly; ensuring procedural transparency;
and fostering openness to partnerships and new terri-
torial governance models. Ultimately, the executive
subsystem operationalizes governance strategies and
policies and transforms vision into tangible urban
transformations.

The monitoring subsystem is a dedicated func-
tional unit designed to provide continuous observa-
tion, analysis, and evaluation of key processes occur-
ring both within and around the agglomeration. It
serves as a diagnostic tool for identifying positive

trends, threats, imbalances, and deviations from stra-
tegic objectives—thereby supporting management
adaptability and informed decision-making [41]. This
subsystem monitors all eight components of the in-
ternal agglomeration environment (social, economic,
demographic, innovation-technological, architec-
tural-construction, infrastructure-service, transport-
logistics, and environmental) using key indicators of
sustainable development and tracking the implemen-
tation of governance strategies. It also evaluates the
influence of the external environment, including
changes in legislation, investment climate, and geo-
political dynamics.

Core tools of this subsystem include GIS plat-
forms, statistical databases, sociological surveys, and
satellite imagery. The use of open data and e-govern-
ance tools ensures transparency and public accounta-
bility. Beyond merely tracking the current state, the
monitoring subsystem must support scenario fore-
casting, risk assessment, and crisis prevention. Its
role is to supply the managerial and executive sub-
systems with reliable, current, and structured infor-
mation for decision-making, resource planning, strat-
egy development, and policy adjustment.

Interactions between the three governance sub-
systems are complex, interdependent, and cyclical.
The urban agglomeration governance system func-
tions as an integrated structure comprising the mana-
gerial, executive, and monitoring subsystems. These
interact in a systemic, cyclical, and adaptive manner,
supporting the complete management cycle: plan-
ning, regulation, crisis response, development, and
oversight [24].

The management subsystem handles long-term
planning, defines the agglomeration’s mission and vi-
sion, sets development priorities, identifies strategic
growth zones, and shapes policy directions. It ac-
counts for both internal needs and external chal-
lenges, including demographic shifts, security con-
cerns, and labor market dynamics—especially relevant
in the post-war recovery context. As part of its regu-
latory function, it formulates legal documents, con-
cepts, and strategies that set the operational frame-
work for executive bodies.

The executive subsystem implements strategies
and policies through operational management, deci-
sion-making, and program execution. It coordinates
all internal agglomeration subsystems, builds institu-
tional mechanisms for development, and adapts gov-
ernance tools to challenges, including emergencies
and conflict. It manages internal processes such as re-
source mobilization, institutional coordination, and
project delivery.

The monitoring subsystem conducts ongoing
control, information collection and processing, and
evaluation of implemented actions. It provides feed-
back to the strategic level, enabling plan and policy
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adjustments. In a rapidly changing environment, it
forms the basis for adaptive governance, enabling ur-
ban agglomerations to remain resilient to external in-
fluences and progress toward sustainability objec-
tives [24, 41].

In our view, the external environment of an ur-
ban agglomeration must be differentiated by the type
and intensity of influence across three hierarchical

levels—regional, national, and global-forming a com-
plex field of exogenous factors. These include geo-
political conditions, security challenges, intergovern-
mental legislation, national and regional policy, cli-
mate change, cultural trends, migration flows, state
subsidies, investment levels, and global technologi-
cal shifts (Figure 3) [31, 54, 55].

The regional level of the external environment

!

REGIONAL
STRATEGY

l

MIGRATION

INVESTMENTS

l

ENVIRONMENTAL

l

STATE POLICY

|

MIGRATION

|

GOVERNMENT
SUBSIDIES

l

CLIMATE CHANGE

|

INTERNATIONAL
LAW

l

MIGRATION

|

INTERNATIONAL
INVESTMENTS

|

GCLOBAL ISSUES

SITUATION l
SECURITY NATIONAL
SECURITY STATUS
SITUATION SECURITY l
GLOBAL
REGIONAL NATIONAL TECHNOLOGIES AND
CULTURAL IDENTITY CULTURAL TRENDS INNOVATIONS

Fig. 3. Structure of the external environment of an urban agglomeration (compiled by the author)

of an urban agglomeration is a critical component of
the multi-level system of external influences shaping
the conditions for the functioning and development
of urbanized territories. Within the proposed model,
it is conceptualized as the foundational hierarchical
tier in analyzing urban agglomerations, directly inter-
acting with the internal environment and determining
the spatial, socio-economic, ecological, and cultural
dynamics of development. At this level, both rela-
tively stable political and strategic contexts and high-

frequency adaptive responses to local and global
challenges are recorded. Six key influencing ele-
ments are distinguished within this structure.
Regional policy serves as a fundamental instru-
ment for shaping development trajectories in accord-
ance with spatial planning priorities and strategic
management goals. It encompasses tools such as ter-
ritorial marketing, program-targeted planning, spatial
zoning, and inter-municipal cooperation—providing
the basis for a comprehensive urban policy. The regi-
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onal level is responsible for balancing spatial devel-
opment, coordinating the functional roles of the ag-
glomeration core and peripheral municipalities, and
implementing integrated development projects [41].

Commuter migration is the second key element,
which reaches its greatest scale and impact within ag-
glomeration systems. It refers to the daily movement
of population between the core and suburban areas
for work, education, and access to services. This pro-
cess indicates the degree of spatial integration within
the agglomeration and imposes strain on the transport
and logistics subsystem, the environment, and social
infrastructure. Addressing commuter migration re-
quires regional planning of transit routes, optimiza-
tion of public transport logistics, improvement of ac-
cessibility for remote areas, and balance in the terri-
torial division of labor.

Investment, as the third component, plays a de-
cisive role in stimulating economic growth within ag-
glomerations. This includes not only financial in-
flows into infrastructure or entrepreneurship, but also
institutional support for innovation clusters, develop-
ment of technology parks, and creation of favorable
conditions to enhance territorial investment attrac-
tiveness. The regulatory function of this dimension
involves coordinating state, municipal, and private
resources within regional development programs [4].

Environmental conditions, the fourth element,
become especially pressing in agglomerated spaces
due to the high concentration of population and eco-
nomic activity. Environmental stress manifests in air
pollution, declining water quality, soil degradation,
and a shortage of green spaces. At the regional level,
environmental policy is shaped, ecological monitor-
ing is conducted, and restoration programs are imple-
mented—thus laying the foundation for the environ-
mental dimension of urban agglomeration sustaina-
bility.

Security, the fifth structural element, encom-
passes a broad range of challenges at the regional
level-from public safety to emergency preparedness
and response to technological and natural hazards. Its
relevance increases under conditions of martial law,
natural disasters, or social crises. Regional authorities
coordinate civil protection, evacuation planning, crit-
ical infrastructure resilience, and public awareness
initiatives.

Regional cultural identity provides the mental,
symbolic, and communicative foundation for spatial
development. It encompasses traditions, customs,
forms of cultural expression, language, historical her-
itage, architectural style, and characteristics of civic
life. Regional identity manifests in territorial brand-
ing, agglomeration image-building, support for cul-
tural initiatives, and development of creative indus-
tries [10]. It also contributes to maintaining social co-
hesion and cultivating a sense of belonging.

The national level of the external environment
plays a systemic role in enabling the functioning and
development of urban agglomerations. It provides the
regulatory, institutional, demographic, economic, and
security frameworks. This level integrates national
strategic policy priorities with local realities, acting
as an intermediary between global processes and re-
gional challenges. It is critical for synchronizing spa-
tial development within agglomerations with national
sustainable development goals [22].

A primary element of the national level is state
policy, which defines the overall principles, ap-
proaches, and mechanisms for regulating urbaniza-
tion processes, managing territorial development,
spatial planning, and decentralization. Through legis-
lative initiatives, regional development strategies,
master plans, standards, and national programs, the
state establishes the legal framework for agglomera-
tion functioning. The implementation of concepts for
integrated territorial development and the adoption of
legislation on agglomerations or urban districts re-
flect efforts to systematize the country’s spatial or-
ganization.

Internal migration is another key factor that
shapes the socio-demographic structure of urban ag-
glomerations. In Ukraine, this process has intensified
due to military conflict, resulting in large-scale pop-
ulation displacement both across the country and
within specific urbanized areas. Internal migration al-
ters the burden on social infrastructure, housing, and
labor markets, while influencing the demographic re-
silience of both the agglomeration core and periph-
ery. During crises, the state acts as a regulator and
guarantor of social protection, developing policies
for internally displaced persons (IDPs) to ensure their
housing, service access, and employment [26].

Another key component is state subsidies and
grants, which serve as financial instruments for stim-
ulating the development of urban agglomerations.
Through mechanisms of budget equalization, state
subventions, infrastructure grants, concessional
loans, and public-private partnerships, the state can
support large-scale projects in the areas of transpor-
tation, energy, education, and healthcare. Notably,
national support programs have enabled initiatives on
energy efficiency, infrastructure modernization, and
digital transformation of cities. In the post-war pe-
riod, targeted financing for the reconstruction of
damaged areas has become a pressing issue. Climate
change is increasingly being integrated into national
strategies and plans. Urban agglomerations, as cen-
ters of anthropogenic pressure, are vulnerable to the
effects of climate change—extreme weather, flooding,
declining air quality, and more. In this context, the
state performs a coordinating function in implement-
ing climate adaptation principles, promoting green
technologies, advancing sustainable mobility, transi-
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tioning to energy-efficient construction, and reducing
the carbon footprint of cities.

National security in the current context encom-
passes not only military but also social, energy, and
digital dimensions. For urban agglomerations, this
implies ensuring the resilience of life-support sys-
tems, protecting critical infrastructure, maintaining
information security, preparing for epidemiological
threats, and defending against cyberattacks. National
programs for digital transformation, cybersecurity,
and civil protection serve as the foundation for en-
hancing the resilience of urbanized territories [31].

National cultural trends shape the broader soci-
ocultural context for the development of urban ag-
glomerations. These include growing societal de-
mands for comfortable urban environments, inclusiv-
ity, creative spaces, and civic participation in urban
development decision-making. Shifts in value orien-
tations affect urban planning approaches, architec-
tural design, and policies in culture, heritage, and lei-
sure—critical for building sustainable, attractive, and
competitive agglomerations.

The global level of the external environment is a
vital component of the exogenous influences on the
functioning and development of urban agglomera-
tions. It encompasses transnational processes, trends,
and challenges that transcend national borders yet
have direct impacts on urbanized territories through
economic, legal, environmental, technological, and
social channels. In a globalized world, urban agglom-
erations increasingly operate as elements of a global
urban system, shaped by planetary changes and insti-
tutional frameworks.

A key global influence is international law,
which sets the framework for cooperation among
states, cities, and regions on issues such as sustaina-
ble development, climate commitments, human
rights, migration, urban governance, and security
[11]. Through participation in international conven-
tions, charters, and agreements—such as the Paris Cli-
mate Agreement, the UN New Urban Agenda, and the
Leipzig Charter—states commit to obligations that are
subsequently implemented at the urban and regional
levels, forming the legal foundation for agglomera-
tion development strategies. The concept of sustain-
able development is a cornerstone of international
law in the urban context, ensuring the integration of
social, economic, and environmental dimensions.
This is achieved through the application of sustaina-
bility indicators (e.g., service accessibility, environ-
mental quality, mobility), localization of global goals
in urban policies, and active engagement of agglom-
erations in international partnerships [40].

International migration acts as a powerful demo-
graphic and sociocultural force. Global crises, wars,
climate change, and economic inequality drive popu-
lation movements that transform the social compo-

sition of urban agglomerations, create multicultural
communities, and necessitate inclusive infrastruc-
ture, adaptation policies, and multilingual services.
Urban agglomerations serve as “magnets” for global
migration flows, while simultaneously facing chal-
lenges of segregation, infrastructure stress, and shifts
in social dynamics.

International investment increasingly flows into
urban development projects such as infrastructure,
construction, digitalization, innovation hubs, waste
management, and green energy. Openness to transna-
tional capital enables agglomerations to modernize
subsystems, adopt new technologies, create jobs, and
strengthen economic capacity. However, it also car-
ries risks such as dependency on external financing,
rising inequality, and commercialization of urban
spaces.

Global risks—including pandemics, wars, food
insecurity, energy crises, and technological disrup-
tion—often manifest as sudden shocks to urban sys-
tems. Urban agglomerations are therefore compelled
to develop mechanisms of strategic resilience, build
reserves, establish early-warning systems, and adapt
to new patterns of work, mobility, and social behav-
ior. In response, global solidarity networks such as
ICLEI and C40 Cities are emerging, promoting
knowledge exchange and collective action.

Global security, in this context, includes geopolit-
ical instability, military conflicts, terrorism, and cyber
threats—all of which directly affect the stability of ag-
glomerations. At the same time, global technologies
and innovations — including artificial intelligence,
smart systems, blockchain, autonomous transport, and
environmental monitoring — are transforming urban
economies, governance, communication, and mobil-
ity. The integration of global technological solutions
allows urban agglomerations to effectively respond
to 21st-century challenges, improve quality of life,
and enhance global competitiveness.

Based on the research findings, a structural mo-
del of an urban agglomeration as a functional compo-
nent of the socio-geosystem is proposed (Fig. 4).

The presented model of an urban agglomeration
as a functional component of a socio-geosystem out-
lines five key types of connections that ensure inter-
action between its internal subsystems and the exter-
nal environment. These connections reflect the com-
plex systemic dynamics of the agglomeration, its
adaptability, openness, and capacity for transfor-
mation under the influence of multi-level factors. In-
trasystem connections ensure the integrity and func-
tional unity of the urban agglomeration [41]. They
link the eight core subsystems (social, economic, de-
mographic, innovation-technological, architectural-
construction, infrastructure-service, transport-logis-
tics, and natural-ecological), facilitating their inter-
action, interdependence, and coordinated operation.
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These connections encompass material, informa-
tional, and managerial flows, enabling the agglomer-
ation to function as a self-regulating system. Adap-
tive connections link the management system with
external environmental elements. They act as feed-
back mechanisms through which the system receives
information on external changes (economic, political,
environmental, social) and adjusts internal processes
accordingly. Through such connections, the agglom-
eration remains resilient to external challenges, main-
tains its coherence, and ensures effective functioning
even under crisis conditions [41]. Energy exchange
refers to the flow of energy resources between the ur-
ban agglomeration and the external environment, in-
cluding electricity, heat, and fuel supply, as well as
optimization of energy use within the agglomeration.
This exchange is critical for the sustainable function-
ing of infrastructure, transport, and production sys-
tems, and for the implementation of energy efficiency
practices. Resource exchange represents the flow of
material resources required to support the life of the
urban agglomeration, its infrastructure, and services.
This type of exchange also enables the agglomeration
to act as either a donor or a recipient of resources
within interterritorial networks. Information and
communication exchange encompasses the transfer
of knowledge, digital data, managerial and expert in-
formation, including innovation transfer, partnership
communications, and participation in digital plat-
forms and networks. This type of connection defines
the intellectual and innovation potential of the ag-
glomeration and its capacity to integrate into global
information flows [41, 42]. A special role in the pro-
posed scheme is played by agglomeration effects,
which highlight the advantages of spatial concentra-
tion of population and activities—such as increased
productivity, economies of scale, simplified access to
labor markets, intensified innovation, and enhanced
investment attractiveness. These effects strengthen
the internal interaction of subsystems and also influ-
ence the agglomeration’s external relations.
Discussion and Conclusions. This study pro-
poses an analytical approach to urban agglomerations
as complex, multi-level, and open organized socio-
geosystems that function in dynamic interaction with
the external environment and are characterized by a
high degree of internal integration and adaptability.
The author's structural model of the urban agglomer-
ation presents it not merely as a spatial formation, but

as a functional system in which eight internal subsys-
tems (social, economic, demographic, innovation-
technological, architectural-construction, infrastruc-
ture-service, transport-logistics, and natural-ecologi-
cal) play a central role. Their interaction forms the
foundation for stability, development, and govern-
ance.

Each subsystem performs autonomous functions
and acts as a component of an integrated synergistic
complex, which gives rise to the agglomeration’s
emergent properties—its ability for self-regulation,
adaptation, and development under internal and ex-
ternal challenges. A critical element in ensuring the
system’s functional integrity is the governance sub-
system, comprising managerial, executive, and mon-
itoring components. This subsystem performs plan-
ning, regulation, crisis response, sustainability
maintenance, and control over developmental dy-
namics. An important contribution of the study is the
analysis of the multi-level structure of the external
environment in which the urban agglomeration oper-
ates. Regional, national, and global levels generate
distinct vectors of influence, including regulatory
policies, economic trends, security challenges, mi-
gration processes, cultural drivers, global technolog-
ical shifts, and institutional frameworks. This multi-
dimensional external landscape must be considered
in agglomeration governance, particularly in the con-
text of transitioning to a sustainable development
model. The proposed model has both theoretical and
practical significance. It can serve as a conceptual
foundation for strategic planning of urban agglomer-
ation development, municipal policy formation, the
creation of monitoring tools, and governance systems
oriented toward achieving the Sustainable Develop-
ment Goals (SDGs). This framework enables the in-
tegration of spatial, functional, social, environmental,
and managerial dimensions within a single system,
which is particularly relevant for Ukrainian agglom-
erations amid post-war reconstruction, decentraliza-
tion, and shifting territorial configurations. Future re-
search should focus on developing empirical methods
for quantitatively assessing types of interactions
within agglomerations, establishing sustainability in-
dicators, and adapting the model to the specifics of
individual urbanized systems in Ukraine, taking into
account available resources and contextual chal-
lenges.
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Micbhka ariomepanisi: CycniJibHO-reorpagiyna KoHIenumist
B MEPCNEKTHUBI CTAJIOr0 PO3BUTKY

Kamepuna Kpaguenxo'

K. Teorp. H., JIOLIEHT,

Kadenpa conianbHO-eKOHOMIUHOT reorpadii i periono3HaBcTBa iMeHi KoctanTrHa Hemus,
XapkiBchkui HanioHasHUN yHiBepcuTeT iMeHi B.H. Kapasina, XapkiB, Ykpaina;

Micbki aromeparii BUCTYNAIOTh CKJIQJIHUMHU BiJKPUTHMHU MPOCTOPOBO-(YHKIIIOHAJBPHUMH CUCTEMaMH, IO Bifir-
ParoTh KIFOYOBY POIIb Y COIIaIbHO-€KOHOMITHOMY PO3BHUTKY PETiOHIB Ta KpaiH, 3a0e31edeHHi CTIKOCTI B yMOBax roba-
TRHEX TpaHchopMariit. B ymoBax BiliHM B YKpaiHi MiCBKi arftomepartii 3a3HaJIi 3HAYHOTO BILIHBY, JIesKi TpaHCPOpMyBa-
JIUCH Y IEHTPH MPUHHATTS BHYTPIIIHBO IIEPEMIIIICHNX 0Ci0, JIOTICTHYHI XaOH Ta MPOCTOPH OTIOPY, IO 3yMOBITIOE TOTPEOy
Yy HOBOMY TIiJIXOA1 10 IXHBOTO JOCIiIKCHH, TUTAHYBaHHS Ta YIPABIiHHS X PO3BHTKOM. METOIO HOCTIKEHHS € (hopMy-
BaHHS CYCIIJIbHO-TeOrpadivHOT KOHIIETIIi] MIChKOI arsioMepariii K MiJICHCTEMH COLIOTEO0CUCTEMH, TIOOYI0Ba aBTOPCHKOT
Mozeri 11 pyHKIIOHYBaHHS y B3a€EMOJIii 3 30BHIITHIM CEPEIOBHUINEM Ta OO PYHTYBaHHS IMOTEHITIATy CTAIOTO PO3BUTKY. Y
CTaTTi NPEICTaBICHO aBTOPCHKY CTPYKTYpPHY MOJENb MICBhKOI arioMeparii sk iepapXiqHoi, TUHAMIYHOI CHCTEMH, IO
BKJIIOYA€ BiCIM (pyHKLIOHAJIBHHX IIJCHCTEM: COLlialIbHY, €KOHOMIUHY, leMorpadiuHy, IHHOBaLliHHO-TEXHOJIOTI4HY, apXi-
TEKTypHO-Oy/iBeIbHY, iIHPpacTpyKTypHO-00CIyTrOBY 04y, TPAHCIIOPTHO-JIOTICTUYHY Ta IPUPOIHO-EKOIOTiYHy. Po3kpuTo
X B3a€MOJIi}0, CHHEPIeTUYHI BIACTUBOCTI Ta 3HAYEHHS JJIsl IPOCTOPOBOI €HOCTI aromepariii. OcoOnuBa yBara npui-
JICHA CUCTEMI yNpaBJIiHH MICHKOIO arIoOMepalli€lo, 0 BKIOYAE KePyIoyy, BUKOHABUY Ta MOHITOPHHIOBY IiJICHCTEMH,
SIKi 320€3MEeUyI0Th aIalTalliio 10 30BHINTHIX BUKIUKIB, peallizallilo yIpaBIiHCHKUX PIMIeHb Ta KOHTPOIb 332 JWHAMIKOIO
PO3BHUTKY MichKOi aritoMepaitii. OXapakTepr30BaHO TPH PiBHI 30BHIIIHBOTO CeperoBHINa (perioHaIbHIH, HalllOHATHHAM,
I00aNbHAN), SKI 3MIHCHIOIOTH HONITHYHWHN, MPaBOBHA, €KOJOTIYHHMA, NeMorpadiqHnil, KyIbTYpHUH | TEXHOJIOTIYHUI
BIUIMB Ha ()YHKIIOHYBaHHSA MICBKOI ariioMeparii. BuokpemiieHo I’ sITb THIIB 3B’ 53KiB, IO 3a0€3MEeUyIOTh B3aEMOIIO ITi-
JICHCTEM: BHYTPIIIHROCHCTEMHI, aJaNTaIliiiHi, eHepPTeTHYHI, peCypCHi Ta iHpopMaIliitHO-KOMYHIKaIliifHi. 3anporoHOBaHa
MOJIEIb JI03BOJISIE KOMIUIEKCHO OLIHUTH MOTEHITiall MICHKHX arjioMepaniii y KOHTEKCTI CTaJIoT0 PO3BHUTKY, 30KpeMa B yMO-
BaX MIOBOEHHOTO BiJJHOBJICHHS! YKPaiHH, Ta € MPaKTHYHUM IHCTPYMEHTOM CTPATETi4HOTO IJIaHYBaHHS 1 MOHITOPUHTY.

Kniouogi cnosa: micvra acnomepayis, coyioceocucmema, Cmanuti po3euUmox, YnpasiiHus, a0anmueHicimy, 3068HIUHE
cepedosuuye.
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