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Bondarenko O.P.
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NTUU «Igor Sikorsky Kyiv Polytechnic Institute»

SYSTEMS ANALYSIS IN URBAN STUDIES: REVIEW OF
FUNDAMENTAL APPROACHES

Ukraine is facing the largest armed conflict in Europe since the Second
World War, marked by unprecedented violence against civilians and the sys-
tematic destruction of infrastructure. Cities and villages have suffered severe
structural and functional damage. Post-war reconstruction and the restoration of
urban functionality will be an exceptionally complex and resource-intensive
process.

Yet, merely reproducing pre-war urban structures is not only inefficient but
also strategically risky. It traps cities in outdated conditions, ignoring new reali-
ties: demographic shifts (mass migration, new mobility patterns, the growing
role of internally displaced persons, etc.); economic transformation (market
relations replacing the planned economy underlying Soviet planning); digitali-
zation; war-driven deindustrialization; and social restructuring (emerging com-
munities, new demands for cohesion, public spaces, and social support). Re-
building obsolete industrial and residential zones without rethinking them ef-
fectively reinvests in the past.

Current conditions call for spatial planning grounded in new systemic princi-
ples – notably, the integration of civil security under wartime conditions, along with
flexibility, adaptability, energy independence, and community autonomy. This re-
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quires new methods in urban planning, construction, and municipal governance. A
systemic assessment of interdependencies – housing, transport, energy, and so-
cial infrastructure – is crucial.

The modern city is a dynamic, multi-level, open system where social, eco-
nomic, spatial, engineering, ecological, and political subsystems interact. Such
systems are characterized by nonlinear relations (e.g., transport – land use),
delayed policy effects, multi-criteria objectives (security, comfort, energy effi-
ciency, resilience), and high uncertainty (military, economic, social, climatic,
etc.).

Traditional planning methods based on normative or purely empirical data
can no longer capture this complexity. Systems analysis has thus become a key
instrument of strategic urban management in the twenty-first century. It views
the city not as a set of objects but as interconnected subsystems – population,
economy, transport, energy, ecology, institutions – linked by flows of people,
goods, information, and energy. Its goal is to understand urban dynamics as a
holistic, often nonlinear system that can be modelled, governed, and made more
resilient, efficient, and adaptive.

Historically, the systems approach to urban planning and governance
emerged under the influence of General Systems Theory, cybernetics, complex
adaptive systems theory, and operations research.

The origins of systemic urban thought trace back to the late nineteenth
and early twentieth centuries. Patrick Geddes, in Cities in Evolution (1915) [1],
viewed the city as a living organism of interrelated components, introducing
concepts such as urban agglomeration and conurbation, and emphasizing the
social and environmental conditions of urban growth.

In the mid-twentieth century, the advent of cybernetics (Norbert Wiener,
1948) and General Systems Theory (Ludwig von Bertalanffy, 1968 [2]) initi-
ated a “systems revolution,” laying the foundation for new methodologies
across applied disciplines. One of the most influential tools – system dynamics
– was developed by Jay W. Forrester.

Forrester’s Urban Dynamics (1969) [3] remains a seminal example of sys-
temic urban modelling. He proposed viewing the city as a system of stocks and
flows, where feedback interactions generate macro-level behaviour. The model
captured time delays (e.g., housing construction, capital investment inertia),
explaining cycles of decline and recovery that static models failed to represent.
Forrester demonstrated that intuitive policies (e.g., increasing housing construc-
tion to reduce shortages) may cause oversupply and collapse if systemic inertia
is ignored, and that balanced, targeted interventions can alter trajectories –
though “simple” solutions often produce unintended effects.
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The 1980s–2000s marked the so-called information-computational revo-
lution, characterized by the widespread adoption of GIS, spatial statistics, and
optimization models in urban studies and spatial planning

In the late twentieth and early twenty-first centuries, an agent-based and
computational revolution occurred: Agent-Based Modeling (ABM) shifted
the analytical focus from macro-systems to micro-mechanisms, treating the
individual as the primary analytical unit with distinct behaviours and motiva-
tions. Its revolutionary aspect lies in self-organization: systems now emerge
“from below” rather than being imposed “from above.”

Thomas Schelling (Micromotives and Macrobehavior, 1971/1978 [4]) in-
troduced models of simple agent rules generating complex macro-patterns
(e.g., segregation). Joshua M. Epstein and Robert Axtell (Growing Artificial
Societies, 1996 [5]) presented a comprehensive agent-based framework; their
Sugarscape model served as a laboratory for studying emergent social phenom-
ena. Their key thesis: complex social structures can arise from local interactions
without centralized control. In other words, a city can be “grown” on a comput-
er screen – not by prescribing its structure, but by allowing it to emerge from
the bottom up as a result of agents’ behaviour. This marked a revolution not
only in social modelling but also in urban studies itself – a shift from the city as
a plan to the city as a process.

Bill Hillier (Space is the Machine, 1996 [6]) developed space syntax theo-
ry, a spatial-configurational approach to urban analysis. He posited that spatial
configuration is a social structure in physical form: the organization of urban
space (streets, squares, blocks) determines movement patterns, social interac-
tions, economic activity, and security. Thus, space is not neutral; it shapes be-
haviour, and behavioural patterns, in turn, reshape urban morphology – a closed
socio-spatial feedback loop.

Since the 2010s, research has increasingly focused on complexity theory
and urban scaling laws.  Michael Batty (The New Science of Cities, 2013 [7])
integrates complexity, network, and flow theories, viewing cities as adaptive
networked systems. Luís Bettencourt et al. (2007) [8] identified empirical urban
scaling laws, revealing power-law relationships among economic and infra-
structural indicators.

Thomas Saaty – a leading figure in systems analysis and creator of the Ana-
lytic Hierarchy Process (AHP) and Analytic Network Process (ANP) methods
foundational to Multi-Criteria Decision Analysis (MCDA) – emphasized the
treatment of cities as decision-making systems, particularly in the context of
smart cities [9–11].

The practical applications of systems analysis in urban studies extend be-
yond theory. Key domains include: transport demand modelling (gravity, four-
step, agent-based models); housing and settlement planning; urban dynamics
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and policy simulation (“what-if” scenario modelling); network analysis for in-
frastructure optimization and vulnerability assessment; and agent-based simula-
tions of social phenomena (housing markets, epidemic spread, etc.).

Nevertheless, systems analysis in urban studies faces well-founded criti-
cism. Major concerns include model oversimplification and uncertainty (espe-
cially in aggregated system-dynamics models that neglect heterogeneity or po-
litical context); validation and extrapolation challenges (agent-based models
often replicate patterns but are difficult to verify); political and ethical issues
(technocratic approaches may disguise political choices); and an excessive
quantitative focus that overlooks qualitative aspects of urban life (identity, cul-
ture, community).

Promising future directions for applying systems analysis in urbanism in-
clude: integration of big data from mobile devices, sensors, and open sources
with machine learning methods; development of hybrid modelling frameworks
combining system dynamics, agent-based models, and network analysis; a focus
on resilience and stress-testing under crises and shocks (wars, pandemics, climate
events); increased transparency and citizen participation; and mathematical–
empirical synergy, integrating scaling theory (Bettencourt) with empirical net-
work models of urban systems.
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