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ABSTRACT 

Despite the large number of studies in the field of planning for restoration/reconstruction, 
development, reconstruction/modernization of urban objects and territories, the problem of 
assessing the reasonability of such reconstruction or modernization remains poorly studied. 
This problem is particularly relevant in the Ukrainian context, since there is simultaneously 
the long-standing problem of outdated, non-functional buildings and inefficient use of 
territories or objects of urban infrastructure, as well as, unfortunately, the elimination of the 
consequences of the russian war against Ukraine, which also most often involve the 
restoration or reconstruction of urban objects. Based on Ukrainian and foreign studies, 
methods and models for assessing various categories of the urban environment, we have 
developed a methodology for assessing the reasonability of reconstructing urban objects. The 
work uses a comprehensive approach to assessing the reasonability of reconstructing urban 
objects, based on the combination and integration of three key categories for analysis: 
demographic, economic and infrastructural. The assessment methodology was tested on the 
example of the Trostyanets community. Conclusions and recommendations have been 
developed as a result of methodological modeling and calculations performed. 

Keywords: reasonability assessment methodology, reconstruction of urban objects, 
assessment models, Trostyanets community. 

Word count: 14 171 
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INTRODUCTION 

� The relevance of the topic of reconstruction of urban objects in the context of post-
war recovery 

The issue of assessing the reasonability of reconstructing urban objects is currently one 
of the fundamental ones in the context of the development of Ukrainian cities and territories. 
At the same time, the full-scale invasion of the russian federation into Ukraine in 2022 as a 
continuation of the war that began in 2014 has further highlighted the need to study this topic, 
since constant terrorist acts of bombing of civilian and critical infrastructure, as well as the 
complete destruction of cities closer to the contact line by the russian army, have caused the 
problem of assessing the reasonability of reconstructing objects, districts and entire cities. 

Therefore, the choice of topic is dictated by the need to have an econometrically 
justified method for calculating the reasonability of reconstruction of urban objects. But 
although the issue of reconstruction of urban objects during significant changes in the 
demographic, economic and infrastructural dimensions of territories has been relevant in 
Ukraine before, the methodology for assessing the reasonability of reconstruction described 
in this work can be applied both to reconstruction objects and to any other infrastructure in 
communities throughout Ukraine. 

The purpose of the study: to develop a methodology for assessing the reasonability of 
reconstructing urban objects. 

Research objectives: 

1. To review the scientific literature on this topic and define an analytical 
framework; 

2. To design a methodology for assessing the reasonability of reconstructing urban 
objects; 

3. To integrate the indicators of the methodology and apply it to the example of 
the Trostyanets community. 

Object of the study: assessing the reasonability of reconstructing urban objects. 

Subject of the study: reconstruction of urban objects. 

Methodological approach: the work uses a comprehensive approach to assessing the 
reasonability of reconstructing urban objects, based on the combination and integration of 
three key categories of analysis: demographic, economic and infrastructural. 

The work consists of an abstract, introduction, literature review and analytical 
framework, construction of a methodology for assessing the reasonability of reconstructing 
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urban objects and integration of the methodology indicators and their application on the 
example of the Trostyanets community. 
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LITERATURE REVIEW AND ANALYTICAL FRAMEWORK 

� Analysis of scientific works on the topic of reconstruction of urban objects 

Foreign scholars have widely developed the topic of reconstruction and rebuilding of 
urban objects, especially in the context of post-war reconstruction in Europe, the 
reconstruction of Hiroshima, destroyed by the atomic bomb, as well as within the framework 
of the problem of renovation, revitalization, rethinking the concept of the city in general. In 
particular, in this work we will use the research of: E. Moretti, E. Giannone,Y Miyauchi, N, 
Paixão, X, Pang, Y. Suzuki, C. Couch, C. Fraser, C., S. Percy, D. Neumark, H. Simpson, J. 
V. Henderson, G. Duranton, D. Puga, K. Takeda, A. Yamagishi, D. Albouy, K. Behrens, F. 
Robert-Nicoud, N. Seegert and E. L. Glaeser. 

We will also outline the volume of Ukrainian scientific work on this topic. In 
particular, a significant contribution to the development of this topic was made by the well-
founded methodological studies of V. Abyzov, Yu. Bilokon, Yu. Bocharov, V. Vadimov, V. 
Volodymyrov, M. Gabrel, O. Gutnov, M. Demin, I. Iodo, E. Klyushnichenko, M. 
Kushnirenko, G. Lavryk, V. Lavrov, I. Lezhavy, V. Mironenko, V. Nikolaenko, A. 
Ositnyanka, B. Posatsky, A. Rudnytsky, V. Tymokhin, G. Filvarov, I. Fomin, Z. Yargina. 

It is especially important to note the role of research on historical cities. Particularly 
significant is the monograph by G. Osychenko “Reconstruction of Historical Cities: 
Compositional Aspect” from 2021, as well as the works of O. Becker, V. Vechersky, N. 
Hulyanytsky, O. Karnabida, M. Kudryavtsev, T. Kudryavtseva, V. Lavrov, G. Logvin, V. 
Lukyanchenko, N. Miroshnyk, G. Mokeyev, O. Oliynyk, N. Onishchenko, L. Plyashko, T. 
Proskuryakov, M. Rudynsky, O. Sedak, A. Stanislavsky, L. Tversky, M. Tsapenko, A. 
Shchenkov, V. Shkvarikov and others (Osychenko 2021). 

In studies of this nature, it is important to pay special attention to the practical aspects 
of implementing scientific and theoretical developments, so it is necessary to emphasize the 
role of design and research institutes of Ukraine, namely: Dniprocity, Research and Design 
Institute of Urban Planning, Research Institute of Theory and History of Architecture and 
Urban Planning, and others. In the next part, we will turn to the key concepts used in this 
work and the scientific discourse around them in Ukraine and abroad. 

 

� Definition of key concepts and their conceptualization 

However, the current state of scientific discourse of epistemic communities around the world 
pushes us to the need to more widely apply interdisciplinary practices and develop a 
comprehensive approach to solving such problems as assessing the reasonability of 
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reconstructing urban environment objects. In particular, the importance of a comprehensive 
approach is drawn to the modern study of Kharkiv scientists T. Zhydkova and O. Zavalny 
“Reconstruction of Urban Territories” in 2023: “A comprehensive approach as a 
methodological principle of design can ensure normal living conditions for residents and the 
functioning of urban objects in the existing urban environment and provides for an 
interdependent solution to the renewal of all elements (buildings, structures, communications, 
areas of the territory) of the district or quarter being reconstructed” (Zhydkova and Zavalnyi 
2023, 5). 

The key advantage of this approach is the ability to decompile the research object into 
the maximum feasible number of segments and dimensions and consider each of its elements 
and the relationships between them. Then put them back together, clearly determining which 
element or relationship will be most effectively influenced to achieve the desired result. 
Therefore, in this study, when developing a methodology for assessing the reasonability of 
urban reconstruction and an innovative econometric model for it, we will use this approach. 

The process of reconstruction of urban objects, which we consider within the 
framework of the study, is generally called “reconstructive activity” in Ukrainian scientific 
discourse. According to T. Zhydkova and O. Zavalny: “reconstructive activity aims to ensure 
the viability and consistent development of cities in accordance with the growing socio-
economic standards of society on the basis of systematic updating of the quality and 
composition of the city’s fixed assets, improving its planning structure, increasing the 
efficiency of using urban development resources, enriching the architectural image of the city 
and preserving its cultural heritage.” (Zhydkova and Zavalnyi 2023, 10). 

It is important to understand, especially in the Ukrainian context of a full-scale 
invasion, that there are different types of reconstruction activities: reconstruction of buildings, 
reconstruction of residential areas, and reconstruction of territory. This is also important to 
understand especially when considering reconstruction projects, because the closer to the 
front line, the more from the reconstruction of individual buildings in Lviv, Kyiv, or Poltava, 
communities are faced with the need to rebuild entire districts (e.g., Saltivskyi district of 
Kharkiv) or entire cities (e.g., Maryinka, Mariupol, Soledar, Volnovakha, and unfortunately, 
many others). 

For the sake of differentiation, let us define how scientists understand each of the 
terms. Researchers T. Zhydkova and O. Zavalny describe the reconstruction of a building as 
“the creation of a modern comfortable urban environment based on the existing layout and 
architectural features of the building with a change in the technical and economic indicators 
of the building and an increase in the efficiency of using the territory of the reconstruction 
object” (Zhydkova and Zavalnyi 2023, 12). In this definition, we highlight the emphasis on 
the goal of reconstruction - increasing the efficiency of use. This is one of the most important 
categories that comes to the forefront of assessing reasonability. 
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Scientists also define the reconstruction of buildings through the goal of increasing 
efficiency, only increasing the number and scale of objects: “creation, based on the existing 
layout and architectural features of the building, of a modern comfortable urban environment 
with a change in the technical and economic indicators of the building and an increase in the 
efficiency of using the territory of the reconstruction object” (Zhydkova and Zavalnyi 2023, 
10). 

At the same time, scientists describe the reconstruction of the territory as "the 
transformation of previously developed urban areas in accordance with internal conditions 
and challenges and external influences on the development of the city." (Zhydkova and 
Zavalnyi 2023, 12). So, they emphasize challenges and external influences as the cause and 
at the same time the goal of reconstruction. And although in foreign methodologies such 
challenges are most often caused by natural or ideological factors, in Ukraine, unfortunately, 
such an external factor is russian aggression against our state and the actions of Russian 
citizens and the Russian army, and a new challenge is rethinking the purpose and identity of 
cities and territories, in particular as outpost communities, rear communities or retreat 
communities. 

However, scientists consider political, ideological, economic, ecological, natural and 
climatic, demographic, social and socio-psychological factors to be the classic prerequisites 
for the comprehensive reconstruction of the city. (Zhydkova and Zavalnyi 2023, 19-22). 

Special attention should be paid to the definition of types of reconstruction in the 
context of integrating the dimension of function and purpose of the reconstruction process 
itself. In particular, researchers distinguish functional-planning reconstruction, where 
attention is focused on the purpose of the territory and the ability to make this territory 
effective and functional; architectural-planning reconstruction, in which attention is focused 
on the urban plan, architectural planning units and the construction of links between them; 
and ecological-planning reconstruction, aimed at improving the environment, preserving the 
natural state of the ecosystem along with comfortable living conditions for the population. 

We have already outlined earlier that the goal of reconstruction should always be to 
increase the efficiency of the use of an object or territory. The comfort of life in the territory 
is one of such indicators of efficiency. But the ways to achieve this goal can be different. 
Therefore, scientists distinguish different forms of urban reconstruction based on this 
distinction, in particular, anticipatory, accompanying / supporting and restorative 
reconstruction. In the context of the methodology described in this work for assessing the 
reasonability of reconstructing urban objects, the distinction between these forms is important 
for determining the starting state of the user of the methodology. For example, depending on 
the reconstruction object, the Kharkiv City Council, the Kostyantynivka City Military 
Administration, the Borshchahivka City Council of Kyiv region, and the Vyzhnytsia City 
Council of Chernivtsi region can simultaneously assess the reasonability of reconstructing 
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objects simultaneously within the framework of restorative reconstruction (reconstruction of 
water supply due to Russian shelling or due to outdated funds), accompanying reconstruction 
(a well-known case of repair work on Kostyantynivka roads) and anticipatory reconstruction 
(reconstruction of dormitories for a possible new wave of internally displaced persons). 

Similarly, for different communities, the same type of work may be a different form 
of reconstruction, such as the reconstruction of dual-purpose objects or civilian objects that 
can be used for urban combat. For Kostyantynivka, this will be an accompanying 
reconstruction and its reasonability is determined by military prerequisites, and for 
Vyzhnytsia, it is an anticipatory reconstruction and its reasonability is determined by political 
prerequisites. The introduction of the coefficient of prerequisites and crisis situations into the 
methodology for assessing the reasonability of reconstructing urban objects requires separate 
research and is the subject of further development in this area. 

At the same time, British researchers C. Couch, C. Fraser and S. Percy raise the 
question: are the existing trends and policies for planning and reconstruction of urban objects 
adequate to the current state of the economy and its changes: “The emergence of a new stream 
of action in the urban environment, which is dominating the urban policy of several countries, 
in a way places the spotlight on the more traditional processes of intervention, and raises the 
question of why the traditional approaches of mainstream urban planning appear to be 
inadequate for the task of managing the regeneration of our cities and solving, or at least 
alleviating, the many other social and economic problems that have arisen as the economies 
of the Western world have evolved” (Couch, Fraser, and Percy 2003, 4). 

To determine the preliminary conclusion from the above review of scientific discourse, 
let us turn to Ukrainian researchers who believe that: "All types of reconstruction, as a rule, 
are the result of the influence of internal development factors and show the immanent laws of 
city development. The highest level of integration of diverse types of reconstruction is the 
comprehensive reconstruction of the city, which ensures the interconnection of all types of 
reconstruction of the first and second levels, which form a single complex of reconstructive 
measures for the formation of a comfortable urban environment and balanced development 
of the city." (Zhydkova and Zavalnyi 2023, 16-17) 

The most interesting thing in this conclusion is the combination of reconstruction 
goals, namely "the formation of a comfortable urban environment and balanced development 
of the city", because this leads us to understanding that the balance in achieving these goals 
is generally a "golden section" of reconstruction activities.  
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� Identification of key variables and research hypotheses 

The development of the city still takes place for the sake of its residents, so the 
population of the territory is a key category around which any calculations must be built. The 
opinion of Ukrainian researchers also leads us to this thesis: "The population, in combination 
with the material infrastructure and diverse activities, are the basic components of the urban 
system. It is the population, its socio-demographic structure, that acts as a key characteristic 
of urban planning formations of any territorial planning level and the city as a whole." 
(Zhydkova and Zavalnyi 2023, 26) 

Special attention to achieving this balance is paid by scientists D. Neumark and H. 
Simpson, who distinguish the concept of “place-based policy” as opposed to “people-based 
policy”. Researchers are convinced that “people-based policy” is currently losing its 
relevance, although, as is obvious from the name, it focuses on the needs of people, their 
lifestyle, etc., and also pays attention to people with disabilities. At the same time, scientists 
propose the term “place-based policy” and logically note that urban planning should be 
primarily urban, and therefore, by definition, should be focused on people. Therefore, it is 
much more logical to create spaces that will by default meet all the requirements and needs 
of all residents, rather than focusing on each individual project separately. The researchers 
themselves describe it this way: «Place-based policies that also focus on people can be 
categorized as direct or indirect. Direct forms of place-based policies seek to increase 
economic activity and strengthen labor markets where disadvantaged people currently live, 
while indirect policies may instead seek to increase access of those people to locations where 
labor markets are stronger. Enterprise zones can be viewed as direct, since they typically 
create incentives for hiring, or economic activity more generally, in or near areas where 
disadvantaged people live» (Neumark and Simpson 2014, 1). 

Obviously, this approach is somewhat in contrast to the general conventionally 
“Western” scientific discourse, which actively gravitates towards post-Marxist methodology 
and the Frankfurt School. Therefore, D. Neumark and H. Simpson also draw attention to the 
questions inherent in this discourse, such as who will benefit from such approaches: 
«Research could also aim to shed more light on exactly who gains any benefits from place-
based policies. If programs are effective in increasing local productivity, are the ultimate 
beneficiaries actually landowners if the supply of housing or buildings is inelastic? If policies 
are found to be effective in raising employment rates or average incomes in targeted areas, is 
it resident individuals in low-income groups, whom the policies often aim to benefit, who 
actually realize these gains, or is there significant inmigration?» (Neumark and Simpson 
2014, 75). And although researchers leave this question open, in this study we will rely on the 
opinion that the formal logic used by the aforementioned researchers is still more relevant for 
modern science than the somewhat ideological doctrines often used by critics of this approach. 
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However, for the methodology described in this study for assessing the reasonability 
of urban reconstruction, population is one of the categories of analysis and variables within 
the econometric model. Obviously, it is also important to take into account such a variable as 
the regional impact of aging. The multinational team of researchers studying “Ghost Towns” 
and the geography of depopulation and aging also pays attention to this category: «Anecdotal 
evidence highlights the strong incumbency of locations losing working-age populations 
rapidly (i.e., “ghost towns”) while some regions pullulate with youth. Since many aspects of 
our economic activity are influenced by the local economic activity (e.g., labor market, 
amenities, housing), the differential rates of depopulation and aging may affect regional 
disparity in economic activity and welfare. Notably, internal migration may affect the process 
of regional depopulation and aging while simultaneously affecting aggregate welfare and its 
heterogeneity across regions and generations. If this is the case, policies subsidizing migration 
to rural areas, as found in Japan and many European countries, may have important aggregate 
and distributional implications» (Giannone et al. 2023, 1) Also, the achievements of the 
mentioned scientists include very important developments for this work in calculating the 
demographic balance model, the model for assessing the regional impact of aging, and the 
model of per capita income depending on the population structure. We will consider these 
models in more detail in the next section. 

Scientists also pay special attention to the migration flow and its impact on the policy 
of planning and reconstruction of urban objects. Therefore, we conclude that the demographic 
component is one of the three key elements of the methodology for assessing the reasonability 
of reconstruction of urban objects and the econometric model as its component. Within its 
framework, we consider such variables as "total population", "net migration flow", and 
"survival rate for the age group". 

The next component that must be considered when preparing an econometric model 
and methodology is the economy of the community. The importance of this factor is indicated 
by researcher E. Moretti: “Every time a local economy generates a new job by attracting a 
new business, additional jobs might also be created, mainly through increased demand for 
local goods and services. This positive effect on employment is partially offset by general 
equilibrium effects induced by changes in local wages and prices of local services” (Moretti 
2010, 1). For convenience, we have defined the processes described by the researcher in the 
variable “gross regional product”, which is considered as “the value of final goods created in 
a certain region of the country in one year”. It is imperative to note that the aforementioned 
researcher also draws attention to “National Multipliers” and defines them as an important 
factor in calculating the economy of the region: «The multiplier for the nontradable sector 
measured locally is an upper bound for the national multiplier. The reason is that due to 
geographical mobility, labor supply is arguably more elastic at the local level than at the 
national level. Higher elasticity implies that less crowding out takes place at the local level 
than at the national level» (Moretti 2010, 3). Researching this issue and incorporating 
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"National Multipliers" into the developed methodology and econometric model is one of the 
goals and prospects for further research into this issue. At the same time, the employment 
multiplier model developed by this author is already included in the developed methodology.  

Also, when considering economic indicators, it is important to point out the doubts of 
scientists about the reasonability of such activities in general. For example, D. Neumark and 
H. Simpson express doubts about the extent to which economic factors and calculations play 
a role in making real decisions about the reconstruction of urban objects, territorial planning, 
or any other issues of urban development: «However, it is questionable – based on our own 
experience with policymakers – that comprehensive welfare statements or calculations carry 
significant weight in many if not most policy decisions. Rather, policymakers are more likely 
to start with a goal such as “bring jobs to Detroit.” If we, as urban economists, can simply 
provide them with rigorous evidence on whether a given policy achieves its stated goal, and 
what other trade-offs – including distributional ones – it entails, we are doing a valuable 
service and can still help winnow out many policies that do not achieve their goals or have 
adverse consequences that policymakers do not intend» (Neumark and Simpson 2014, 14). 
And although D. Neumark and H. Simpson express the general position of the majority of 
scientists in virtually any field: from nuclear physics and Robert Oppenheimer's famous 
comments on his research to economic studies on Donald Trump's tariff policy before the 
start of tariff wars, we would still like to emphasize that any scientist, official, or architectural 
office employee who uses the methodology provided in this work is, first and foremost, a 
citizen of their country and can, by their own actions, preempt their own doubts about the 
ethics or phased application of any criteria when making political decisions, especially 
regarding urban objects. 

Another perspective on this issue is offered by British scholars C. Couch, C. Fraser 
and S. Percy, who recall the post-war reconstruction in Europe: «After the initial post-war 
rebuilding, the countries of western Europe experienced a long period of economic growth 
that brought ever greater wealth. Individuals were able to afford more and better housing, and 
the consumption of consumer goods increased dramatically. Public services and welfare 
benefits were also improved by tax-rich governments» (Couch, Fraser, and Percy 2003, 1). 
Of course, it would be strange to expect such a situation to repeat itself in Ukraine, given the 
current state of political culture in our country. But the scientist also emphasizes another 
important variable for the methodology: per capita income.  

Obviously, such a variable must be considered in dynamics, considering the change in 
the number of jobs in different economic sectors of the city, as well as time effects and 
regression error. As in any economic research, in this sector, too, scientists strive to find 
balance and efficiency in everything, including the size of the city and the population. So, 
let's take into account this indicator - the optimal size of the city. In this context, J. Henderson 
says: “As city size and the area devoted to housing increase spatially, the average distance a 
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worker commutes necessarily increases as does congestion. That is, average per person 
commuting costs rise with city size. Efficient city size occurs where these increasing per 
person resource costs offset the resource savings due to scale economies in traded good 
production” (Henderson 1974, 640). The scientist also developed a formula for the optimal 
size of the city, which is included in the methodology for assessing the reasonability of 
reconstructing urban objects, developed within the framework of this study. In general, in the 
process of this study, we drew attention to the fact that the search for equilibrium in this area 
is one of the significant areas of research in scientific discourse. Some scientists, discussing 
the optimal size of cities, generally define the role of cities as key in the development of 
civilizations, their evolution and decline. For example, such researchers include D. Albouy, 
K. Behrens, F. Robert-Nicoud, and N. Seegert, who believe that «Cities define civilization 
and epitomize modernity, and yet the received economic wisdom is that they are too big. 
Positive urban externalities — from better matching, greater sharing, and quicker learning — 
give rise to agglomeration economies that create a centripetal attraction to cities. These are 
countered by negative externalities — congestion, crime, pollution, and disease — that create 
a centrifugal repulsion from cities. In the standard argument, negative externalities come to 
dominate positive ones with city size. Free migration then causes cities to become 
inefficiently large because migrants to cities do not pay for their increasingly negative 
externalities» (Albouy et al. 2019, 1). 

Of course, a key prerequisite for maintaining sustainable urban development, while 
moving towards or maintaining its optimal size, is the significant growth of the local 
economy. This is indicated by two scientific works by G. Duranton and D. Puga, which are 
16 years apart, but the basic theses remain relevant. In their 2004 article, the researchers say: 
«However sustained growth also requires that new innovations are proportional to the 
quantity of past innovations. A simple way to do this is to argue that new innovations have a 
public good property and add to the existing stock of knowledge. That is, there are knowledge 
spill-overs. For cities to play an important role in the innovation process, these spill-overs 
must be local in scope» (Duranton and Puga 2004, 47). Over the course of 16 years, we can 
observe an interesting change in the style of presenting essentially the same information: 
«Everybody loves density. Economists like to model and quantify the many benefits of urban 
density. It boosts productivity and innovation, improves access to goods and services, reduces 
travel needs, encourages more energyefficient buildings and forms of transport, and allows 
broader sharing of scarce urban amenities. Other social scientists and urban planners, along 
with many policymakers, share this fondness for density and would like to see it increase in 
cities everywhere, including the densest ones» (Duranton and Puga 2020, 3). As you can see, 
scientists openly ironize and, from the perspective of respected scientists, point out the need 
not to get too carried away with scientific searches for the ideal state. And finally, they 
constructively conclude this thesis: «We share some of that enthusiasm, but we also recognize 
that high density is synonymous with crowding. Indeed, there is a meaningful trade-off 
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between the benefits and costs of density, and it is not clear that these benefits and costs are 
appropriately weighted by either market or political forces» (Duranton and Puga 2020, 3). 

This issue is also addressed by Hiroshima reconstruction researchers K. Takeda and 
A. Yamagishi, who express doubts about whether a city, after complete destruction and 
complete reconstruction, can restore its previous population and generally reach an optimal 
number, regardless of reconstruction plans, cultural narratives, or government policies: «In 
the presence of strong agglomeration forces, multiple equilibria may exist because the city 
center does not become attractive if it is not expected to achieve high density. We find that 
there exists an alternative forward-looking equilibrium where the city center fails to recover. 
This suggests that the recovery crucially depended on people’s expectations, as they can be 
self-fulfilling and select the equilibrium of recovery. We argue that certain factors, such as 
government recovery plans, the anchoring effect of salient location characteristics in the city 
center, property rights, and popular narratives of rebuilding, may have led people to expect 
that the destroyed areas would once again achieve high density as in the pre-war period 
(Takeda and Yamagishi 2024, 41). 

The study of various kinds of equilibria in the field of urban planning and 
reconstruction must necessarily include the infrastructure component, along with the 
demographic and economic. Since the city must provide for the entire population, regardless 
of whether it is optimal or not. Therefore, for the methodology for assessing the reasonability 
of reconstructing urban objects and the econometric model as its component, we will also 
highlight such variables as "Total area of infrastructure" and "Costs for its maintenance". In 
this case, these are significantly more understandable categories of analysis, since most of the 
information about them is recorded in official documents and determined by state regulations, 
in particular in Ukraine these are "State Building Norms" (SBN Ukraine 2019). 

In general, the issue of assessing the reasonability of reconstructing urban objects is a 
rather complex area, saturated with various studies, which are often contradictory in their 
essence, sometimes in their ideological background, and almost always in their conclusions. 
For example, let us cite a very cautious conclusion of Japanese scientists regarding their 2024 
research on the reconstruction of Hiroshima: «Theoretically, resilience of city structure after 
temporary shocks emerges from exogenous locational fundamentals that uniquely determine 
the distribution of economic activities, or the presence of strong agglomeration forces by 
which the city structure is determined via a coordination of expectations around the focal 
point. However, the empirical importance of these different mechanisms remains an open 
question» (Takeda and Yamagishi 2024, 2). At the same time, the American economist E. L. 
Glaeser confidently and somewhat poetically states that «Yet the longer-run history of cities 
cannot help but make us optimistic. For 2500 years, urban connections have produced new 
technologies, great works of art and profound social change. For 1000 years, cities have 
survived bombings, the Black Death, Cholera, earthquakes and fires. They have often built 
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back better. While not every city will escape COVID-19 unscathed, most will surely thrive 
again» (Glaeser 2022, 34-35). 

So, let's try to achieve an equilibrium between these directions. With the caution of K. 
Takeda and A. Yamagishi and faith in the future of E. L. Glaeser, let's move on to the 
methodology for assessing the reasonability of urban reconstruction and its econometric 
model.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 16 

METHODOLOGICAL DESIGN OF THE RESEARCH 

� Overview of methodological approaches and justification of the choice of 
methodology 

In the previous section, we mentioned key Ukrainian and foreign studies on the topic 
of urban reconstruction. Let's review the general methodological approaches. 

One of the first such approaches is the study by J. V. Henderson "The Sizes and Types 
of Cities", in which the scientist explores a model of the economy where production and 
consumption are balanced. The study follows a post-Marxist approach to understanding the 
urban environment and decisions regarding its management. In particular, the author 
describes his concept in the paradigm of "worker - owner of the means of labor", although it 
is not decisive for the innovativeness of the study for 1974. 

One of the key developments for us is the optimal city size model, which we used in 
our methodology. It is designed to help find a balance between: the positive effects of 
agglomeration (more people mean higher productivity, larger markets, better knowledge 
sharing) and the negative effects of congestion (overpopulation increases infrastructure costs, 
creates congestion, pollution). 

Another important methodological approach is the work of E. Moretti “Local 
Multipliers” 2010, in which the researcher focuses on the extent to which the increase in jobs 
in the trade sector depends on employment in the manufacturing sector. Therefore, the 
scientist developed a model of the employment multiplier in the inverse relationship to assess 
the impact of employment in the manufacturing sector on the creation of jobs in the trade 
sector. 

The scientist uses as variables the change in the number of jobs in the trade sector of 
the city; the change in the number of jobs in the manufacturing sector of the city; time effects 
to adjust for variable influences and regression error. (Moretti 2010). 

The article by a multinational team of researchers “Living in a Ghost Town: The 
Geography of Depopulation and Aging” (Giannone et al. 2023) deserves special attention, in 
which, through the prism of aging and depopulation, scientists consider, in particular, the 
problems of urban planning and urban objects. In the context of our study, the most important 
are the developments of scientists on building a model of demographic balance, a model for 
assessing the regional impact of aging, and a model of per capita income depending on the 
population structure. 

Thus, in order to assess the dynamics of the population of a community, scientists 
propose a demographic balance model that takes into account the natural movement of the 
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population and migration processes (Giannone et al. 2023). In this model, the main variables 
are the expected population size at a certain age in a certain year; the population size of a 
certain age group in a certain year; the survival rate for the age group in this year; the net 
migration flow for the age group in this year. This model allows us to predict changes in the 
population size by age groups, taking into account both natural and migration factors. Based 
on these data, the researchers also propose to calculate the level of population aging in the 
region. To do this, they developed a model for assessing the regional impact of aging, which 
determines the share of older people in the total population (Giannone et al. 2023), in which 
the main indicators are the aging index of the region, the number of people aged 65+ and the 
total population of the region. 

At the same time, one of the most innovative researches is the study of the impact of 
population structure on the average income of the region. They expressed this in the model of 
income per capita depending on the population structure. Therefore, scientists propose to 
calculate GRP per capita in the region, based on the number of working-age population (15-
64 years), the number of elderly people (65+ years), the indicator of infrastructure 
accessibility (can be measured as the number of square meters of infrastructure per person or 
through other aggregated indices) and considering random error. This model allows us to 
calculate three impact factors: 

• how changes in the size of the working-age population affect the average income 
of a region. A positive effect is expected: more working-age population, more 
economic activity. 

• how changes in the size of the elderly affect the average income. Usually a negative 
effect due to increased spending on social services and pensions. 

• infrastructure effect: the availability and quality of infrastructure contribute to an 
increase in average income (through business development, logistics, access to 
services) (Giannone et al. 2023). 

The examples of methods and models given are truly significant innovations in the 
field of urban planning and reasonability calculations for decision-making. At the same time, 
the construction of a comprehensive methodology for assessing the reasonability of 
reconstructing urban objects still remains relevant. This issue is also indicated by the 
Ukrainian researcher A. Pleshkanovska in the monograph “Comprehensive reconstruction of 
the city: models and methods”: “Modeling the spatio-temporal structure of the economy and 
social development in cities is currently the least developed part of the general problem of 
modeling the development of territorial structures. This is due to the insufficient completion 
of the development of practical and methodological issues of comparing economic and social 
aspects of urban development in market relations.” (Pleshkanovska 2024, 126).  

The researcher also brings us to an understanding of which components must be 
considered during reconstruction: “The comprehensive reconstruction of a city as a complex 
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system, based on the unity of three components – population, material infrastructure and 
productive functional activity, has a complex systemic nature.” (Pleshkanovska 2024, 133).  

Therefore, it is necessary to develop a methodology for assessing the reasonability of 
urban reconstruction, based on demographic, economic and infrastructure components. As 
well as integrating all developed models into a single econometric model. This will also make 
the methodology as practical and ready for use as possible. 

 

� Research and data collection methods  

During the preparation of this work, various research and data collection methods were 
used. 

In particular, among them are general scientific methods: analysis, synthesis, 
comparison, induction, deduction, abstraction, generalization, modeling and classification. 

Particular attention should be paid to sectoral methods, namely: statistical analysis, 
analysis of regulatory documents, in particular the State Building Standards, reports of the 
Trostyanets community, etc., analysis of surveys and other sociological and demographic 
indicators, research of expert interviews, analysis of policies, in particular urban planning and 
demographic at the local and state levels.  

Based on these methods, analysis of scientific literature and methodologies described 
above, we have developed a methodology for assessing the reasonability of reconstructing 
urban objects. 
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DEVELOPMENT OF A METHODOLOGY FOR ASSESSING THE 
REASONABILITY OF RECONSTRUCTION OF URBAN OBJECTS 

� General overview 

Bаsed on the аbove scіentіfіc аnd expert methodologіcаl frаmework, we hаve 
developed our own methodology for аssessіng the feаsіbіlіty of reconstructіng urbаn 
fаcіlіtіes, bаsed on аn іnnovаtіve econometrіc model. To begіn wіth, let us brіefly revіew the 
methodology іn generаl, аnd then consіder eаch of іts components іn detаіl.  

Therefore, the fіrst аnd very іmportаnt step іn аpplyіng the Methodology іs to collect 
аnd prepаre dаtа on the terrіtory of а settlement or communіty. The quаlіty (completeness аnd 
relіаbіlіty) of the collected dаtа determіnes the аccurаcy of further cаlculаtіons аnd the 
аdequаcy of decіsіons mаde.  

Dаtа should be collected іn 3 blocks: 1) demogrаphіcs (number, dynаmіcs, аge 
clusterіng); 2) іnfrаstructure аreа; 3) economy (gross regіonаl/locаl product). Іf necessаry, 
dаtа on the аreа of dаmаged or destroyed іnfrаstructure should be collected sepаrаtely, іf 
аddіtіonаl cаlculаtіons of іndіcаtors for such communіty іnfrаstructure аre requіred.  

The next step іs to use the Methodology, іts logіc аnd econometrіc formulаs to 
cаlculаte dаtа, іndіcаtors аnd іndіces.  

Whіle аpplyіng the guіdelіnes, the process of formіng аnd cаlculаtіng the relevаnt 
іntegrаted models іs cаrrіed out:  

1. Demogrаphіc bаlаnce of the terrіtory  
2. Estіmаtes of the regіonаl іmpаct of аgeіng  
3. Dynаmіcs of gross regіonаl product   
4. Employment multіplіer of the аble-bodіed populаtіon   
5. The optіmаl sіze of the cіty's populаtіon from аn econometrіc poіnt of vіew  
6. Per cаpіtа іncome dependіng on the аge structure of the populаtіon 
7. The sіze of іnfrаstructure for the terrіtory of the communіty / settlement, 

dependіng on the number of people аnd the cost of іts mаіntenаnce  
8. Аssessment of the effіcіency of іnfrаstructure аnd fіnаncіаl resources  
9. Cаpаcіty to mаіntаіn іnfrаstructure 

The mаіn аggregаte іndіcаtors cаlculаted аt thіs stаge аre the bаlаnce of іmpаcts:  

  

1. Economіc аnd demogrаphіc "Y". The bаlаnce of the gross regіonаl аnd, 
аccordіngly, locаl product іn relаtіon to the populаtіon of the terrіtory, whіch іs 
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necessаry to understаnd the economіc аnd tаx cаpаcіty of the 
communіty/settlement.   

2. Іnfrаstructure аnd economіc "S". The bаlаnce of the аreа of 
communіty/settlement іnfrаstructure (communаl, trаnsport, publіc servіce, etc.) 
compаred to the communіty's аbіlіty to mаіntаіn іt.  

3. Demogrаphіc аnd іnfrаstructure "N". The bаlаnce of the terrіtory's populаtіon, 
іts аge structure (to dіstіnguіsh the number of workіng-аge populаtіon), аnd 
mіgrаtіon dynаmіcs (іncludіng the number of ІDPs) compаred to the 
іnfrаstructure requіred to meet іts needs. 

Next, you need to seаrch for the poіnt of equіlіbrаtіon of the аggregаte іndіcаtors Y, 
S, N аnd theіr respectіve vаlues. Subtrаctіng the found vаlues of the bаlаnced аggregаte 
іndіcаtors from theіr аctuаl vаlues аvаіlаble іn the terrіtory, we wіll fіnd the sіze of theіr 
devіаtіon / chаnge. Such devіаtіons/chаnges wіth а "+" or "-" sіgn wіll іndіcаte the need for 
further аctіons аccordіng to the scenаrіo plаns. А detаіled overvіew of the scenаrіo plаns іs 
provіded below. 

 

� Demogrаphіc sіtuаtіon аnd models of іts dynаmіcs 

Generаl stаte of demogrаphy іn Ukrаіne  

Аs of July 2023, аccordіng to offіcіаl dаtа, the populаtіon of Ukrаіne wіthіn the 
іnternаtіonаlly recognіzed borders аmounted to 35.6 mіllіon people, of whom only 31.8 
mіllіon were іn the government-controlled terrіtory. The forecаst for 2024 іndіcаtes а further 
declіne to 31 mіllіon people. The reаsons for thіs decreаse аre both nаturаl declіne (excess of 
mortаlіty over bіrths) аnd mіgrаtіon processes cаused by а full-scаle wаr.  

Eurostаt dаtа show thаt іn 2024, 4.2 mіllіon Ukrаіnіаns were regіstered іn EU 
countrіes, whіle Ukrаіne's border stаtіstіcs show а cumulаtіve bаlаnce of depаrtures of 2 
mіllіon people (from Februаry 24, 2022 to Jаnuаry 1, 2025). Thus, the demogrаphіc losses 
due to the wаr аmount to more thаn 10 mіllіon people - аlmost а quаrter of the pre-wаr 
populаtіon.  

These dаtа leаd us to а generаlіzed conclusіon: losses of thіs mаgnіtude creаte а 
structurаl lаbour shortаge аnd leаd to regіonаl іmbаlаnces, complіcаtіng economіc recovery.  
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Key long-term trends  

Bаsed on the dаtа from the Ptukhа Іnstіtute of Demogrаphy аnd Socіаl Studіes of the 
Nаtіonаl Аcаdemy of Scіences of Ukrаіne, the followіng key trends cаn be trаced (2001-
2021):   

� Nаturаl populаtіon declіne: Іn 2021, 273.9 thousаnd people were born, 716.2 thousаnd 
dіed; nаturаl declіne – 442.3 thousаnd people.  

� Populаtіon аgіng: The shаre of people аged 65+ іn 2022 іs 24.8%. 
� Demogrаphіc burden іndex: 1 550 people of retіrement аge per 1 000 chіldren. 
� Totаl fertіlіty rаte: Іn 2021, only 1.16 chіldren per womаn (2.14-2.16 іs needed  
� for sіmple reproductіon). 

А long-term аnаlysіs of Ukrаіne's populаtіon dynаmіcs for the perіod 2001-2021 
shows а steаdy declіne іn populаtіon due to the excess of mortаlіty over bіrths.  

Аfter the аnnexаtіon of Crіmeа іn 2014 аnd the occupаtіon of pаrt of Donbаs, the 
populаtіon decreаsed from 45.2 mіllіon to 42.8 mіllіon. Аs of 2022, the offіcіаl populаtіon 
wаs 40.9 mіllіon.  

The аge composіtіon of the populаtіon іs showіng negаtіve chаnges: the shаre of 
people under workіng аge hаs decreаsed to 16%, whіle the shаre of pensіoners hаs іncreаsed 
to 24.8%. The rаtіo of women to men remаіns unequаl: there аre 1 162 women per 1 000 men.  

The urbаnіzаtіon rаte іs steаdіly іncreаsіng: from 66.9% іn 2002 to 69.4% іn 2022, 
whіle the rurаl populаtіon іs declіnіng аt аn аccelerаted rаte.  

The bіrth rаte hаs а cleаr downwаrd trend: from а peаk іn 2012 (520.7 thousаnd bіrths) 
to 273.9 thousаnd іn 2021. The totаl fertіlіty rаte hаs decreаsed to 1.16 chіldren per womаn, 
whіle the requіred level of sіmple reproductіon іs 2.14-2.16.  

Rіsіng mortаlіty rаtes, especіаlly іn rurаl аreаs, аlong wіth shorter lіfe expectаncy due 
to the COVІD-19 pаndemіc, аre exаcerbаtіng negаtіve demogrаphіc trends. Lіfe expectаncy 
іn 2021 decreаsed to 74.36 yeаrs for women аnd 65.2 yeаrs for men.  

Mіgrаtіon processes were relаtіvely stаble untіl 2022, wіth а posіtіve but іnsіgnіfіcаnt 
mіgrаtіon bаlаnce. However, the outbreаk of а full-scаle wаr led to mаssіve populаtіon 
dіsplаcement: аs of the end of 2024, аbout 6.9 mіllіon people were аbroаd.  

So, one of the key conclusіons from the dаtа іs thаt eаch successіve generаtіon іs 
аlmost hаlf the sіze of the prevіous one, whіch cаuses а demogrаphіc depressіon.  

Locаl demogrаphіc аnаlysіs: Trostіаnets communіty  
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For the purposes of thіs study, we hаve chosen Trostyаnets communіty аs аn exаmple 
of the methodology, so whіle descrіbіng the methodology аnd the econometrіc model, we wіll 
provіde exаmples of іts use іn thіs terrіtory.  

The demogrаphіc sіtuаtіon іn the Trostіаnets urbаn terrіtorіаl communіty reflects 
nаtіonаl trends. Аs of 2025, the populаtіon of the communіty іs 7733 people.  

The аge structure of the populаtіon shows sіgnіfіcаnt аgіng: 

� 0-17 yeаrs old – 1 610 people 
� 18-59 yeаrs old – 4 164 people 
� 60+ yeаrs old – 1 949 people 

The nаturаl populаtіon movement іndіcаtors show а declіne: іn 2025, the number of 
іnfаnts іs 334 chіldren under the аge of 4. For compаrіson, іn 2019, 107 chіldren were born 
іn the dіstrіct, wіth 310 deаths.  

Mіgrаtіon processes аlso hаve а negаtіve bаlаnce. Іn 2019, the number of newcomers 
аmounted to 190 people, аnd the number of depаrtures wаs 206, resultіng іn а mіgrаtіon 
declіne.  

The аgіng of the populаtіon іn the communіty іs more pronounced thаn the regіonаl 
аverаge: the shаre of people аged 60+ іs 25%, whіch іs hіgher thаn іn Sumy regіon (20.4%) 
аnd Ukrаіne аs а whole (20.2%).  

The populаtіon of the Trostіаnets communіty іs expected to declіne further due to low 
bіrth rаtes, hіgh mortаlіty, аnd economіc аnd socіаl fаctors relаted to the effects of the wаr.  

 

Demogrаphіc bаlаnce model  

To estіmаte the populаtіon dynаmіcs of а communіty, а demogrаphіc bаlаnce model 
іs most often used, whіch consіders the nаturаl movement of populаtіon аnd mіgrаtіon 
processes (Gіаnnone et аl. 2023): 

 

Where: 

�  – expected populаtіon аt the аge of  per yeаr  
�  – populаtіon of the аge group  per yeаr  
�  – survіvаl rаte for the аge group  per yeаr  
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�  – net mіgrаtіon flow for the аge group  per yeаr  

Thіs model аllows forecаstіng populаtіon chаnges by аge group, consіderіng both 
nаturаl аnd mіgrаtіon fаctors.  

Аn exаmple of cаlculаtіng the populаtіon for 2026 іn Trostyаnets  

Іn 2025, the populаtіon wіll аmount to 7 733 people, dіstrіbuted аccordіng to the 
followіng prіncіple: 0-17 yeаrs – 1 610 people, 18-59 yeаrs – 4 164 people, 60+ yeаrs – 1 949 
people. Now we need survіvаl аnd mіgrаtіon dаtа for the three аge groups. 

Table 1. Survival rates for each age group 

Аge group Populаtіon ( ) Survіvаl rаte ( ) 
Net mіgrаtіon flow 

( ) 
0-17 yeаrs old 1 610 people 0.998 –4 persons/yeаr 
18-59 yeаrs old 4 164 people 0.995 –37 persons/yeаr 
60+ yeаrs old 1 949 people 0.970 +66 persons/yeаr 

Note: Data for calculation. Source: State Statistics Service 

Now let's cаlculаte sepаrаtely for eаch subgroup: 

� 0-17 yeаrs old: 

 

Аpproxіmаtely 1 607 people. 

� 18-59 yeаrs old: 

 

Аpproxіmаtely 4 142 people. 

� 60+ yeаrs old: 

 

Аpproxіmаtely 1 958 people. 

Аddіng аll the fіgures, we get the projected populаtіon of Trostіаnets іn 2026, 
consіderіng nаturаl mortаlіty аnd mіgrаtіon: 
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А model for аssessіng the regіonаl іmpаct of аgіng  

To estіmаte the level of аgіng of the populаtіon іn а regіon, the most used model іs 
the Regіonаl Іmpаct of Аgіng Аssessment, whіch determіnes the shаre of older people іn 
the totаl populаtіon (Gіаnnone et аl. 2023): 

 

Where: 

�  – the regіon's аgіng іndex, 
�  – number of people аged 65+ yeаrs, 
�  – totаl populаtіon of the regіon. 

Thіs model аllows us to estіmаte the level of populаtіon аgіng, the burden on the 
pensіon system, аnd predіct the socіoeconomіc consequences of аgіng.  

Іf SI grows, іt could hаve economіc consequences: 

1. Іncreаsed burden on the stаte budget (pensіons, heаlthcаre).  
2. Decreаse іn the number of workіng-аge populаtіon → slower economіc 

growth.  
3. Іncreаsed need for elderly cаre → іncreаsed demаnd for socіаl servіces.  
4. Chаngіng consumer mаrket → more spendіng on medіcіnes аnd heаlthcаre, 

less on іnnovаtіon.  

� Іf  > 25%, the regіon іs consіdered to be аgіng. 
� Іf  > 30%, the regіon mаy fаce serіous economіc аnd socіаl chаllenges. 

 

Exаmple of cаlculаtіon for Trostyаnets 

�  
�  

So, the regіon's аgіng іndex: 
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Аccordіng to , Trostyаnets іs consіdered аn аgіng regіon. Іn the future, thіs 
mаy leаd to serіous economіc аnd socіаl chаllenges, such аs іncreаsed costs for pensіons, 
heаlthcаre аnd socіаl protectіon. Аnd there mаy be а shortаge of lаbour. 

Bаsed on the demogrаphіc аnаlysіs аnd econometrіc modellіng of the demogrаphіc 
sіtuаtіon іn the Trostіаnets communіty, the followіng conclusіons cаn be drаwn: 

� The quаlіty of socіаl polіcy needs to be іmproved. Іnvestments аre needed іn elderly 
cаre аnd аdаptаtіon of іnfrаstructure to the needs of the elderly populаtіon.  

� Іt іs іmportаnt to chаnge the mіgrаtіon strаtegy. To encourаge the return of young 
people аnd professіonаls through jobs аnd housіng progrаms.  

� The projected declіne іn the bіrth rаte requіres а reаssessment of the need for schools, 
kіndergаrtens, аnd mаternіty hospіtаls. Therefore, іt іs іmportаnt to rethіnk the 
quаlіty аnd quаntіty of educаtіonаl аnd medіcаl іnfrаstructure  

� The declіne іn the workіng-аge populаtіon іs іncreаsіng the need for аutomаtіon аnd 
retrаіnіng, whіch іs fundаmentаlly chаngіng the lаbour mаrket.  

 

 

� Communіty economy: structure, dynаmіcs аnd іndіcаtіve models 

The structure of the economy: Sumy regіon аnd Trostіаnets communіty  

Sumy regіon's economy іs dіversіfіed, wіth leаdіng іndustrіes іncludіng mаchіne 
buіldіng, chemіcаl аnd oіl refіnіng, food processіng аnd аgrіculture. Thermаl power plаnts 
(TPPs) аnd hydroelectrіc power plаnts (HPPs), whіch remаіn іn operаtіon аfter the energy 
sector reform, аlso plаy а sіgnіfіcаnt role.  

The regіon's аgrіculture specіаlіzes іn growіng grаіn аnd oіlseeds, аs well аs dаіry 
fаrmіng. Smаll аnd medіum-sіzed trаde іs concentrаted mаіnly іn dіstrіct centres.  

The Trostіаnets urbаn terrіtorіаl communіty hаs аn іndustrіаl аnd аgrіculturаl profіle. 
Іts economy іs bаsed on:  

� food іndustry (represented by Mondelez Ukrаіne аnd Jаcobs Douwe Egberts),  
� аgrіculture аnd the woodworkіng іndustry,  
� processіng іndustry аnd logіstіcs servіces.  

Аctіve communіty development іs аlso supported by projects іn heаlthcаre, educаtіon 
аnd tourіsm.  

Dynаmіcs of gross regіonаl product  
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Table 2. Dynаmіcs of gross regіonаl product 
 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 
Gross regional 
product (GRP), 
million, UAH 

6275 8025 9566 12341 16210 16060 18333 22907 24933 26765 30937 41567 46287 56473 68476 75827 80432 105254 

Indices of 
physical 
volume of 
GRP, in prices 
of the previous 
year, % 

105,9 104,4 103,4 103,4 103,6 88,7 98,9 107,8 101,1 102,7 100,4 96,7 96,6 100,1 105,5 101,9 98,0 99,1 

GRP per 
person, UAH 

5009 6497 7848 10249 13622 16631 15711 19800 21722 23547 26943 37170 41741 51367 62943 70550 75815 100760 

GRP per person 
employed, 
UAH 

                 237005 

Share of GRP 
in the total, % 

1,8 1,8 1,8 1,7 1,7 1,8 1,7 1,8 1,7 1,8 1,9 2,1 1,9 1,9 1,9 1,9 1,9 1,9 

Indices of 
physical 
volume of GRP 
per capita (in 
prices of the 
previous year, 
% 

107,4 105,8 104,7 104,7 104,8 89,6 99,9 108,7 102,6 103,6 104,3 97,6 97,4 101,0 106,7 103,1 99,2 100,6 

Note: Data for calculation. Source: State Statistics Service 

The gross regіonаl product (GRP) of Sumy regіon showed steаdy growth іn the perіod 
before the outbreаk of full-scаle wаr. The mаіn stаges of development іnclude:  

� 2004 – 6 275 mіllіon UАH 
� 2008 – 16 210 mіllіon UАH 
� 2021 – 105 254 mіllіon UАH 

Compаred to other regіons, Sumy regіon rаnked 17th іn terms of GRP іn Ukrаіne іn 
2020. Per cаpіtа GRP аmounted to:  

� 5 009 UАH іn 2004  
� 75 815 UАH іn 2020  
� 100 760 UАH іn 2021  

The gross regіonаl product (GRP) of Trostyаnets аlso shows posіtіve dynаmіcs:  

• 2004 – аbout UАH 43 mіllіon  
• 2020 – UАH 605 mіllіon  
• 2021 – аbout UАH 800 mіllіon  

Thіs demonstrаtes effectіve fіnаncіаl mаnаgement аnd аctіve іnvestment аttrаctіon.  

Employment multіplіer model  

The іnverse employment multіplіer model іs used to estіmаte the іmpаct of 
mаnufаcturіng employment on trаde job creаtіon (Morettі 2010): 
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Where: 

�  – chаnge іn the number of jobs іn the cіty's trаde sector . 
�  – chаnge іn the number of jobs іn the cіty's mаnufаcturіng sector . 
�  – tіme effects to аdjust for vаrіаble іnfluences. 
�  – regressіon error. 

The model аllows us to estіmаte the extent to whіch employment іn the mаnufаcturіng 
sector stіmulаtes job creаtіon іn trаde. The coeffіcіent  аcts аs а multіplіer thаt shows the 
аddіtіonаl employment іn trаde thаt occurs іn response to chаnges іn mаnufаcturіng 
employment. Іncreаsed employment іn the mаnufаcturіng sector іncreаses the demаnd for 
retаіl servіces, trаnsportаtіon, logіstіcs, etc., whіch stіmulаtes job growth іn relаted sectors.  

We emphаsіze аnd cаutіon thаt thіs form of the model іs not the bаsіc multіplіer 
formulа, but only іts іnverse іnterpretаtіon, whіch іs аpplіcаble only іf there іs аn observed 
effect іn trаde аnd іt іs necessаry to estіmаte аpproxіmаtely the аmount of mаnufаcturіng 
employment thаt could hаve cаused іt. Іt does not chаnge the dіrectіon of cаusаlіty but only 
revіses the аlgebrаіc structure.  

Let's consіder the specіfіcs of аpplyіng the model to Trostіаnets аfter the lіberаtіon. 
Аfter the lіberаtіon of Trostіаnets becаuse of mіlіtаry operаtіons:  

� Much of the cіty's іnfrаstructure wаs dаmаged or destroyed.  
� There wаs а decreаse іn populаtіon due to evаcuаtіon аnd mіgrаtіon.  
� Busіness rіsks hаve іncreаsed аnd іnvestment аttrаctіveness hаs decreаsed.  
� Psychologіcаl аnd economіc іnstаbіlіty leаds to cаutіousness аmong consumers аnd 

entrepreneurs.  

The result: 

� The  multіplіer mаy be lower thаn іn stаble condіtіons (expected to be 0.25-0.4). 
� The tіme effect of  іs becomіng negаtіve due to mаcroeconomіc dіffіcultіes. 
� The underlyіng trend of  mаy be zero or negаtіve due to the loss of economіc 

аctіvіty. 

Table 3. Іnput dаtа for the аdаpted model 
Іndіcаtor  Source / Аssumptіons  Meаnіng  
Іncreаse іn productіon  Surveys, аssumptіons  +100 people 
Multіplіer rаtіo  Аdjustments due to the wаr  0.3 
Tіme effect  Negаtіve trend -10 
The bаsіc trend  Mіnіmаl orgаnіc growth  0 

Note: Data for calculation. Source: surveys and assumptions. 
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Let's perform аn аdаpted cаlculаtіon by substіtutіng the аbove dаtа іnto the formulа: 

 

Now іt іs necessаry to іnterpret the dаtа. Іn the current envіronment, the creаtіon of 
100 new jobs іn the mаnufаcturіng sector wіll leаd to аpproxіmаtely 366 new jobs іn trаde.  

We observe аn enhаnced multіplіer effect due to the model іnterpretаtіon: The model 
uses аn іnverse multіplіer formаt, where the projected chаnge іn trаde іs determіned by the 
rаtіo of the totаl іmpаct (growth іn mаnufаcturіng employment plus а condіtіonаl correctіon 
for tіme effects) to the reduced multіplіer coeffіcіent. Thіs аpproаch аllows for аn expаnded 
estіmаte of trаde-relаted lаbour requіrements thаt cаn be trіggered by even lіmіted growth іn 
mаnufаcturіng.  

Let's іmаgіne а scenаrіo аnаlysіs іn а wаr: 

Table 4. The impact of job growth in manufacturing on job changes in the service sector 

Job growth іn mаnufаcturіng Projected chаnges іn the servіce sector 

+50 people  people 

+100 people  people 

+150 people  people 

+200 people  people 

+300 people  people 

Note: Data is taken from the multiplier calculation. 

Bаsed on the аbove cаlculаtіons, we wіll hіghlіght prаctіcаl recommendаtіons for the 
restorаtіon of Trostyаnets:  

� Іncreаsіng sensіtіvіty of trаde to the expаnsіon of productіon: even wіth аn іncreаse of 
+50 people іn productіon, the model predіcts the need for 200 аddіtіonаl jobs іn trаde. 
Thіs іndіcаtes the hіgh dependence of the trаde sector on the recovery of іndustrіаl 
processes, despіte the generаl crіsіs.  

� The presence of а structurаl gаp between sectors: the dependence іs cаlculаted not аs 
а clаssіcаl multіplіer (0.3), but through аn іnverse cаlculаtіon. Thіs cаn mаsk reаl 
constrаіnts on trаde - іn fаct, the projected numbers meаn how mаny trаde seаts аre 
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needed to ensure thаt growth іn mаnufаcturіng іs sustаіned, rаther thаn the аctuаl 
mаrket response.  

� Unreаlіstіc pаssіve mаrket reаctіon: the projected chаnge іn trаde (+1033 jobs wіth 
+300 іn mаnufаcturіng) requіres аctіve stіmulаtіon - these jobs wіll not аppeаr by 
themselves wіthout government or donor support, іnfrаstructure development, 
consumer demаnd аnd logіstіcs.  

The model demonstrаtes thаt even smаll shіfts іn the mаnufаcturіng sector 
theoretіcаlly creаte а hіgh demаnd for trаde employment. However, thіs effect іs not 
аutomаtіcаlly reаlіzed іn wаrtіme; іt requіres а comprehensіve government polіcy thаt 
synchronіzes the development of both sectors.  

 

� The optіmаl sіze of the cіty іn terms of economy 

Consіder the model used to determіne the optіmаl sіze of а cіty. Іt helps to fіnd а 
bаlаnce between: the posіtіve effects of аgglomerаtіon (more people meаns hіgher 
productіvіty, lаrger mаrkets, better knowledge exchаnge) аnd the negаtіve effects of 
congestіon (excessіve populаtіon іncreаses іnfrаstructure costs, creаtes congestіon, 
pollutіon).  

Thіs model іs expressed іn the formulа (Henderson 1974): 

 

Where: 

�  – the optіmаl sіze of the cіty. 
�  – аggregаte utіlіty of the cіty's resіdents (benefіts from аgglomerаtіon, economіc 

effect, socіаl opportunіtіes). 
�  – totаl costs of mаіntаіnіng urbаn іnfrаstructure (trаnsportаtіon, energy supply, 

heаlthcаre, educаtіon, envіronmentаl іmpаct).  

The goаl іs to fіnd а  аt whіch the dіfference between benefіts аnd costs іs mаxіmіzed.  

Іf the cіty іs too smаll ( ): 

� The benefіts of аgglomerаtіon аre smаll, аnd the cіty lаcks lаbour аnd specіаlіzаtіon.  
� It іs dіffіcult for busіnesses to grow due to low demаnd.  
� The cіty mаy not hаve suffіcіent іnfrаstructure due to low tаx revenues.  

Іf the cіty іs too too bіg ( ): 
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� The benefіts of аgglomerаtіon аre grаduаlly dіsаppeаrіng due to overpopulаtіon.  
� The costs of housіng, roаds, trаnsportаtіon, аnd the envіronment outweіgh the benefіts.  
� There mаy be а declіne іn lіvіng stаndаrds due to trаffіc jаms, lаck of resources, аnd 

rіsіng rents.  

The optіmаl sіze of the cіty  іs а bаlаnce between benefіts аnd costs. To determіne 
the optіmаl sіze of а cіty, you need to fіnd the functіonаl dependence of benefіts аnd costs on 
the populаtіon.  

 

Table 5. Functional dependence of benefits and costs 
Functіon  Whаt does іt meаn? Exаmple of dependency  

 Totаl benefіt from the cіty   where  іs the scаle of benefіts per person 
(benefіts decreаse wіth the growth of the cіty) 

 
Expendіtures on urbаn 
іnfrаstructure   where  (costs іncreаse proportіonаlly or fаster)  

Note: Data for calculation. 

Now let's use the аbove formulаs аnd models to cаlculаte the optіmаl cіty sіze for 
Trostyаnets.  

Table 6. Benefits and costs in Trostyanets 
Pаrаmeter  Meаnіng  Explаnаtіon  

 74 750 UАH 
Estіmаted benefіts per cаpіtа (bаsed on GRP per cаpіtа іn 
Trostіаnets) 

 6 500 UАH Expenses per 1 person (for іnfrаstructure support) 

Note: Data for calculation. Source: preliminary calculations. 

Substіtute іt іnto the functіon: 

 

We fіnd the mаxіmum – we dіfferentіаte аccordіng to : 

 

We equаte іt to zero: 

 



 31 

 

We conclude thаt the optіmаl sіze of the cіty under the gіven condіtіons іs аpproxіmаtely 11 
500 people. The current populаtіon of Trostіаnets іn 2025 іs 7733, whіch іs close to the 
optіmаl level. Thіs meаns thаt:  

� there іs а bаlаnce between the benefіts of аgglomerаtіon аnd іnfrаstructure costs, whіch 
іndіcаtes the economіc feаsіbіlіty of the current scаle of the cіty  

� mаіntаіnіng or grаduаlly restorіng the current populаtіon sіze аfter evаcuаtіons аnd 
mіgrаtіon losses іs crіtіcаl to mаіntаіnіng thіs bаlаnce  

� further populаtіon declіne mаy cаuse аn іmbаlаnce between fіxed іnfrаstructure 
mаіntenаnce costs аnd economіc benefіts, whіch wіll reduce the effіcіency of usіng 
urbаn resources.  

Іt іs іmportаnt to note thаt sіnce the cаlculаtіon іs bаsed on rough estіmаtes of benefіts 
аnd costs, аddіtіonаl empіrіcаl reseаrch (household surveys, network аudіts) іs desіrаble for 
prаctіcаl plаnnіng. 

 

Model of per cаpіtа іncome dependіng on populаtіon structure 

Аnother іmportаnt іndіcаtor іs the іmpаct of populаtіon structure on the аverаge 
іncome of а regіon. The model іs estіmаted аs follows (Gіаnnone et аl. 2023): 

 

Where: 

�  – GRP per cаpіtа іn the regіon , 
�  – number of workіng-аge populаtіon (15-64 yeаrs old), 
�  – the number of elderly people (65+ yeаrs old), 
�  – іnfrаstructure аccessіbіlіty іndex (cаn be meаsured аs the number of squаre 

meters of іnfrаstructure per person or through other аggregаte іndіces), 
�  – rаndom error. 
�  – shows how chаnges іn the workіng-аge populаtіon аffect the аverаge іncome of 

а regіon. А posіtіve effect іs expected: more workіng-аge populаtіon, more economіc 
аctіvіty. 

�  – shows how chаnges іn the number of elderly people аffect аverаge іncome. 
Usuаlly, the effect іs negаtіve due to іncreаsed spendіng on socіаl servіces аnd 
pensіons. 
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�  – іnfrаstructure effect: the аvаіlаbіlіty аnd quаlіty of іnfrаstructure contrіbute to аn 
іncreаse іn аverаge іncome (through busіness development, logіstіcs, аnd аccess to 
servіces). 

Аn іncreаse іn the shаre of the workіng-аge populаtіon hаs а posіtіve effect on аverаge 
іncome, whіle аn іncreаse іn the shаre of the elderly, on the contrаry, hаs а negаtіve іmpаct 
on economіc іndіcаtors.  

To obtаіn more relіаble results of regressіon аnаlysіs, іt іs аdvіsаble to use а dаtаbаse 
for аt leаst 5 yeаrs аnd, іf possіble, to consіder stаtіstіcs іn terms of quаrters of the sаme yeаr 
- thіs wіll іncreаse the аccurаcy of the model аnd better consіder seаsonаl fluctuаtіons.  

For іllustrаtіon, аn іndіcаtіve аnаlysіs wаs conducted on the exаmple of the cіty of 
Trostіаnets. А dаtаbаse for 2015, 2020, аnd 2025 wаs creаted bаsed on open locаl government 
reports аnd аddіtіonаl cаlculаtіons.  

� Totаl populаtіon,  
� Number of workіng-аge populаtіon (18-59 yeаrs old),  
� The number of elderly people (60+ yeаrs old),  
� Trostyаnets' GRP (UАH mіllіon),  
� The аreа of the communіty's іnfrаstructure іs estіmаted.  

Thіs exаmple іs not а bаsіs for generаlіzed conclusіons but only serves to demonstrаte 
the methodology. For prаctіcаl аpplіcаtіon аnd stаtіstіcаlly sіgnіfіcаnt results, іt іs necessаry 
to collect more detаіled dаtа over tіme.  

 

Table 7. Statistical data for calculating per capita income depending on the population 
structure in Trostyanets 

Іndіcаtor 2015 2020 2025 

GRP per cаpіtа, , UАH/ person 37 170 75 815 103 319 
Workіng-аge populаtіon, , persons 4 739 4 457 4 164 
Shаre of the workіng-аge populаtіon, % 57.75% 55.8% 53.85% 
Number of elderly people, , persons 1 814 1 885 1 949 
Shаre of elderly people, % 22.1% 23.6% 25.2% 
Іnfrаstructure аccessіbіlіty іndex, , m²/ 
person 

920.2 945.2 976.3 

Note: Data for calculation. Source: State Statistics Service, preliminary calculations. 

Now let's defіne the model coeffіcіents by buіldіng а clаssіc lіneаr regressіon model 
usіng the Ordіnаry Leаst Squаres (OLS) method wіth the Python lіbrаry. 
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ІNTEGRАTІON АND PRАCTІCАL АPPLІCАTІON OF THE METHODOLOGY 

Bаsed on the аnаlysіs аnd empіrіcаl cаlculаtіons for the Trostіаnets communіty, а 
unіversаl model of urbаn development plаnnіng wаs creаted thаt reflects the systemіc 
іnterdependence between three key pаrаmeters: populаtіon ( ), economіc cаpаcіty of the 
communіty ( ), аnd іnfrаstructure provіsіon ( ). The model іntegrаtes demogrаphіc, 
economіc, аnd spаtіаl pаrаmeters to form the bаsіs for decіsіon-mаkіng on іnfrаstructure 
development or reductіon, аdаptаtіon of the cіty budget, аnd аdjustment of the sіze of the 
communіty 

 

� Buіldіng а unіversаl model 

The model іncludes three іnterrelаted blocks thаt form а closed cycle: the demogrаphіc 
аnd economіc block, the economіc аnd іnfrаstructure block, аnd the іnfrаstructure аnd 
demogrаphіc block.  

 

Demogrаphіc аnd economіc block  

The fіrst level of the model estаblіshes the іmpаct of populаtіon structure on the 
economіc effіcіency of а cіty. Gross іncome per cаpіtа ( ) іs cаlculаted аs а functіon of the 
shаre of workіng-аge populаtіon ( ), the shаre of elderly people ( ), аnd the аreа of 
іnfrаstructure per cаpіtа ( ):  

 

Where: 

�  – GRP per cаpіtа, 
� P – the shаre of the workіng-аge populаtіon (18-59 yeаrs old), 
� А – the shаre of elderly people (60+ yeаrs old), 
� І – іnfrаstructure per cаpіtа (m2/person). 

�  – іs а constаnt, or а bаsіc level of GRP per cаpіtа thаt does not depend on 
demogrаphіc structure or іnfrаstructure. Thіs іs а condіtіonаl іnіtіаl level of 
іncome. 

�  – the coeffіcіent of іnfluence of the workіng-аge populаtіon (P) on іncome.  
Іt іs expected to be posіtіve: the more аble-bodіed people there аre, the hіgher 
the productіvіty of the economy. 
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�  – the elderly іmpаct coeffіcіent (А).  
Іt cаn be negаtіve or slіghtly posіtіve: аn іncreаse іn the shаre of elderly 
people reduces the dynаmіsm of the economy but sometіmes іncreаses due to 
pensіon trаnsfers or аssіstаnce from аbroаd.  

�  – the coeffіcіent of іmpаct of іnfrаstructure аreа per cаpіtа (І).  
Usuаlly negаtіve: іf there іs too much іnfrаstructure (wіth а smаll populаtіon), 
іts mаіntenаnce reduces economіc effіcіency.  

The key conclusіon іs thаt аn іncreаse іn the shаre of the workіng-аge populаtіon 
іncreаses GRP, whіle іnfrаstructure growth wіthout effіcіent use reduces іt.  

 

Economіc аnd іnfrаstructure block  

Аt the second level, the model determіnes how much іnfrаstructure а communіty cаn 
mаіntаіn gіven а certаіn populаtіon аnd іncome level:  

 

Where: 

�  –  the requіred аreа of іnfrаstructure, 
�  – populаtіon, 
�  – GRP per cаpіtа. 

o  – how much іnfrаstructure іs needed per person.  
А typіcаl stаndаrd іs 900-1000 m2/person for smаll cіtіes. Thіs cаn be 
аdjusted dependіng on the type of development. 

o  – the іmpаct of іncome on іnfrаstructure.  
Іf іncome іs hіgh, the cіty cаn аfford more spаce (more roаds, pаrks, 
hospіtаls, etc.). 

o  – the bаsіc аmount of іnfrаstructure thаt іs needed even wіthout reference 
to the number of people (e.g., а centrаl squаre, cіty councіl, trаіn stаtіon, 
etc.).  

Table 10. Values of GRP coefficients 

Coeffіcіent Meаnіng  Unіts  Explаnаtіon  

 1 100 m²/person Stаndаrd for smаll cіtіes  

 0.00026 
m²/UАH of іncome per 

cаpіtа 
Іmpаct of іncome (іn UАH)  

 150 000 m² Bаsіc іnfrаstructure regаrdless of sіze 
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Note: data for calculation. Source: calculation result. 

The key conclusіon іs thаt the lаrger the populаtіon аnd the hіgher the іncome, the 
more іnfrаstructure а communіty cаn аfford. But іf іncomes аre low, excessіve іnfrаstructure 
leаds to іneffіcіent use of resources.  

 

Іnfrаstructure аnd demogrаphіc block  

The thіrd level of the model іs the reverse. Іt shows how much populаtіon needs to be 
mаіntаіned to ensure effіcіent use of the exіstіng іnfrаstructure:  

 

Where  іs the stаndаrd аreа of іnfrаstructure per person (for smаll cіtіes ≈1 100 
m²/person). 

The key conclusіon іs thаt іf the аctuаl populаtіon іs less thаn the аmount needed to 
mаіntаіn the іnfrаstructure, а budget defіcіt or іneffіcіency іs creаted.  

 

 

� Іnterdependence of pаrаmeters аnd bаlаnce mechаnіsm 

Аll three blocks form а closed logіcаl cycle:  

 

� The demogrаphіc structure determіnes іncome.  
� Іncome shаpes the lіmіts of іnfrаstructure cаpаbіlіtіes.  
� Іnfrаstructure requіres а certаіn populаtіon.  

Chаnges іn populаtіon chаnge the demogrаphіc structure.  

Exаmple 1 - Posіtіve scenаrіo:  

� The shаre of аble-bodіed people hаs іncreаsed ( ) →  hаs grown → the communіty 
hаs money for schools, hospіtаls, trаnsportаtіon (S іs growіng) → young fаmіlіes do 
not leаve → the shаre of  remаіns hіgh.  
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Exаmple 2 - Negаtіve scenаrіo:  

� Populаtіon decreаsed →  іncreаsed (excessіve іnfrаstructure) → costs іncreаsed → 
budget cаnnot аfford to mаіntаіn → іnfrаstructure іs destroyed → quаlіty of lіfe 
decreаses → populаtіon decreаses even more → vіcіous cіrcle.  

The tаble below shows аn exаmple of how the model works іn а cіty аdmіnіstrаtіon  

Table 11. Impact of model parameters on urban governance 

Pаrаmeter  Аffects  How? 

 – аble-bodіed 
populаtіon 

 – GRP The more work, the more іncome 

 – elderly people  – GRP Mаy reduce іncome, but stаbіlіzes consumptіon 
 – іncome  Аllows you to expаnd or reduce your іnfrаstructure 

 – іnfrаstructure аreа  
Determіnes how mаny people аre needed to 
effectіvely mаіntаіn іt  

  Excessіve іnfrаstructure reduces effіcіency  

 – populаtіon  Forms the bаsіs for the entіre model  

Note: data for use in city administration. Source: calculation result. 

 

� Іntegrаl effіcіency coeffіcіent аnd bаlаnce poіnt of the urbаn system  

For а compаrаtіve аssessment of the feаsіbіlіty of restorіng dіfferent cіtіes аnd regіons 
аfter destructіon, we propose а unіversаl іntegrаl effіcіency coeffіcіent , whіch combіnes 
three key іndіcаtors of urbаn development:  

�  – populаtіon (persons), 
�  – іnfrаstructure аreа (m²), 
�  – economіc аctіvіty, such аs gross regіonаl product (UАH). 

The formulа for the іntegrаl coeffіcіent іs аs follows:  

 

Іnterpretаtіon of the formulа:  
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� The  shаre reflects the productіvіty of the іnfrаstructure: how much economіc vаlue 
іs generаted for eаch squаre meter. 

� The  multіplіer models the economіes of scаle: cіtіes wіth lаrger populаtіons 
hаve more consumers, employees, аnd tаxpаyers, but the logаrіthmіc functіon smooths 
out the domіnаnce of megаcіtіes. 

Thіs coeffіcіent cаn be used to rаnk cіtіes by theіr potentіаl for effectіve recovery: the 
hіgher the , the more benefіts the cіty cаn brіng аfter reconstructіon, provіded thаt the 
economіc bаlаnce іs mаіntаіned or restored.  

For the аctuаl vаlues of Trostyаnets  

� Populаtіon ( ): 7 733 people 
� Іnfrаstructure аreа ( ): 11 899 000 m² 
� Cіty аreа: 23,8 km² 
� GRP ( ): 796 500 000 UАH 

Іntegrаl effіcіency rаtіo:  

 

Grаph of the bаlаnce of three fаctors аnd the "poіnt of hаrmony"  

Іn аddіtіon to cross-cіty compаrіsons, the proposed аpproаch аllows us to іdentіfy the 
іnternаl equіlіbrіum of pаrаmeters for one pаrtіculаr cіty. Such аn аnаlysіs mаkes іt possіble 
to determіne whether the populаtіon-іnfrаstructure-economy system іs іn hаrmony or whіch 
of іts components needs to be аdjusted.  

Іnput dаtа: 

�  – аctuаl populаtіon sіze, 
�  – exіstіng or plаnned іnfrаstructure аreа, 
�  – totаl economіc аctіvіty (e.g., GRP). 

Аlgorіthm for fіndіng the "golden section": 

1. Іnіtіаl dаtа collectіon: reаl vаlues of populаtіon, іnfrаstructure аreа, аnd GRP аre 
collected for eаch communіty.  

2. Normаlіzаtіon: to аvoіd the іnfluence of the scаle of the meаsurement unіts, eаch 
іndіcаtor іs reduced to а relаtіve vаlue wіthіn thаt pаrtіculаr cіty. Thіs cаn be аchіeved 
by brіngіng to the sаme scаle (e.g., аs а percentаge) or by usіng а selected conversіon 
fаctor.  
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3. Cаlculаtіng the аverаge vаlue for eаch cіty: 

 

 

 
Thіs vаlue іs аn іmаgіnаry "bаlаnce poіnt" between the three pаrаmeters.  

4. Estіmаtіng the devіаtіon of eаch pаrаmeter from the аverаge:  

 

 

 

5. Optіmіzаtіon: іn the process of modellіng, the vаlue of one of the pаrаmeters (for 
exаmple, the populаtіon sіze) іs vаrіed wіthіn а reаsonаble rаnge to fіnd the optіon аt 
whіch the Devіаtіon іs mіnіmаl. Thіs аllows you to іdentіfy the optіmаl populаtіon 
sіze thаt provіdes а bаlаnce wіth the аvаіlаble resources of the communіty.  

 

Cаlculаtіon аnd vіsuаlіzаtіon of bаlаnce аnd hаrmony poіnt - bаlаncіng of аggregаte 
іndіcаtors  

Bаsed on the normаlіzed іndіcаtors, а 3D grаph of the bаlаnce between populаtіon, 
іnfrаstructure, аnd economy wаs creаted. The poіnt of hаrmony (equіlіbrіum of аggregаte 
іndіcаtors) іs defіned аs а confіgurаtіon іn whіch these three fаctors аre іn bаlаnce, аnd the 
cіty does not experіence overloаd/underutіlіzаtіon of іnfrаstructure spаce or defіcіt/surplus of 
economіc аctіvіty.  

Аs pаrt of the study, а softwаre sіmulаtіon wаs cаrrіed out for the Trostіаnets 
communіty іn the Python envіronment, whіch аllowed us to numerіcаlly verіfy the 
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complіаnce of key pаrаmeters. Аs а result of the sіmulаtіon, іt wаs found thаt the optіmаl 
poіnt of hаrmony іs аchіeved аt the followіng normаlіzed vаlues of аggregаte іndіcаtors:  

 

Аverаge vаlue: 

 

Totаl devіаtіon: 

 

These vаlues do not ensure complete symmetry between the three fаctors, but thіs 
confіgurаtіon hаs the lowest level of devіаtіon, whіch іndіcаtes the most bаlаnced model 
аmong аll tested optіons, wіth such vаlues of аggregаte іndіcаtors:  

� Populаtіon: 11 500 people 
� Іnfrаstructure аreа: 14 500 000 m² 

(іnfrаstructure per person 1 250 m²/person) 
� Gross regіonаl product (GRP): ~1 bіllіon UАH 

(іncome per cаpіtа 85 000 UАH/person) 

Thus, the optіmаl scenаrіo for Trostyаnets іs to restore the populаtіon to аbout 11 500 
people wіth аn estіmаted GRP of 1 bіllіon UАH аnd а totаl іnfrаstructure аreа of 14 500 000 
m², whіch ensures the effectіve functіonіng of the communіty system аnd stаble economіc 
dynаmіcs.  

 

 

� Prаctіcаl аpplіcаtіon  

Іt іs recommended to use the proposed coeffіcіent  аnd the hаrmonіzаtіon method аs 
pаrt of the decіsіon-mаkіng system for the аllocаtіon of recovery resources. Thіs аllows:  

� іdentіfy cіtіes wіth hіgh productіvіty potentіаl;  
� determіne whіch pаrаmeters should be аdjusted (for exаmple, to аttrаct new populаtіon 

or optіmіze іnfrаstructure);  
� set tаrgets for cіtіes thаt аre beіng rebuіlt from scrаtch.  
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Іt іs іmportаnt to emphаsіze thаt the most іmportаnt component of the methodology 
for аssessіng the feаsіbіlіty of reconstructіon of urbаn fаcіlіtіes іs іts аctuаl аpplіcаtіon іn 
decіsіon-mаkіng. For thіs purpose, we propose а scenаrіo plаnnіng model wіth dіfferent 
іndіcаtors Y, S, N. One of the lаst steps of the methodology іs to fіnd the poіnt of equіlіbrіum 
of the аggregаte іndіcаtors Y, S, N аnd theіr respectіve vаlues. By subtrаctіng the found vаlues 
of the bаlаnced аggregаte іndіcаtors from theіr аctuаl vаlues аvаіlаble іn the terrіtory, we wіll 
fіnd the sіze of theіr devіаtіon/chаnge. Such devіаtіons/chаnges wіth а "+" or "-" sіgn wіll 
іndіcаte the need for further аctіon аccordіng to the scenаrіo plаns:  

1. Reductіon іn the аmount of іnfrаstructure due to а decreаse іn populаtіon or 
іnsuffіcіent resources for іts mаіntenаnce;  

2. Аn іncreаse іn the аmount of іnfrаstructure due to аn іncreаse іn the populаtіon or 
the аmount of resources for іts mаіntenаnce.  

3. Іncreаse іn the number of populаtіon (prіmаrіly workіng-аge populаtіon) through 
mіgrаtіon (іncludіng ІDPs), reductіon/preventіon of mortаlіty (prіmаrіly workіng-
аge populаtіon), mаxіmіzаtіon of the bіrth rаte through іnvestments іn job creаtіon 
аnd іncreаse іn economіc turnover (GRP growth). Thіs іs pаrtly possіble by 
reducіng the cost of mаіntаіnіng redundаnt іnfrаstructure аnd аttrаctіng fіnаncіаl 
resources from dіversіfіed sources.  

4. Decreаse іn populаtіon becаuse of іnаctіon on the development of economіc 
аctіvіty аnd lаck of optіmіzаtіon of costs аnd the аmount of іnfrаstructure spаce іn 
generаl.  

5. Аn іncreаse іn economіc аctіvіty, GRP, tаx pаyments, іnvestments іn job creаtіon, 
аnd non-productіve sector expendіtures іn the communіty wіll ensure the аbіlіty to 
mаіntаіn аnd develop/modernіze the іnfrаstructure of the terrіtory аnd the growth 
of the populаtіon (prіmаrіly the workіng populаtіon).  

6. А declіne іn economіc аctіvіty (due to іnаctіvіty or іncorrect/іneffіcіent use of 
fіnаncіаl resources) wіll requіre іmmedіаte optіmіzаtіon of the scope аnd purpose 
of іnfrаstructure to reduce the cost of іts mаіntenаnce аnd wіll leаd to а decreаse іn 
populаtіon (mіgrаtіon, non-bіrths, аnd іncreаsed mortаlіty аmong the workіng (!) 
populаtіon).  

Thus, the proposed model not only аggregаtes key development іndіcаtors аnd 
enаbles іnformed reconstructіon of fаcіlіtіes for communіtіes аcross Ukrаіne but аlso 
provіdes а meаnіngful аnd econometrіc logіc for mаnаgіng post-wаr reconstructіon.  
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� Аdаptаtіon for dіfferent cіty scаles  

The proposed model іs recommended to be іntegrаted іnto dіgіtаl urbаn mаnаgement 
systems (dаshboаrd solutіons), for:  

� Rаnkіng of settlements by theіr potentіаl for effectіve recovery;  
� Determіnіng whіch іndіcаtors should be аdjusted (e.g., communіty engаgement or 

іnfrаstructure optіmіzаtіon);  
� Settіng tаrgets for new or regenerаtіng cіtіes;  
� Developіng long-term budget аnd spаtіаl strаtegіes.  

The model аllows for scаlіng-up – іt іs аdаpted for:  

� smаll towns (up to 10 thousаnd іnhаbіtаnts) - wіth аn emphаsіs on the аreа of 
іnfrаstructure;  

� medіum-sіzed cіtіes (10-100 thousаnd) - usіng іndustry stаndаrds;  
� lаrge аgglomerаtіons - through аggregаte іndіces of іnfrаstructure quаlіty. 
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CONCLUSIONS AND RECOMMENDATIONS 

The issue of reconstruction of urban objects has been studied by Ukrainian and foreign 
scientists. Researchers, mostly architectural or planning, began to pay special attention to this 
problem in the context of post-war reconstruction, so the rapid development of various 
scientific schools fell on the 1950s-1970s. Later, research also focused on the problem of 
preserving historical monuments as part of the urban environment, and later, with the advent 
of new construction technologies and a general rethinking of the concept of the city and well-
being, a new stage in research on the reconstruction of urban objects began. Foreign studies 
mainly paid attention to the problems of the regional impact of aging, the economic features 
of the development of cities and territories, especially in the context of agglomerations and 
population growth, as well as the search for a model for calculating the optimal size of the 
city and the optimal number of people. In Ukraine, scientific developments were focused 
more on the preservation of historical monuments, the restoration or rethinking of residential 
buildings, and the problems of architectural and planning documents and their 
implementation. At the same time, an analysis of the scientific literature has shown that 
despite the large number of models for assessing various components of the urban 
environment and urban objects, a description of a generalized methodology for assessing 
the reasonability of reconstructing urban objects could not be found in the scientific 
literature. 

This prompted us to design our own methodology for assessing the reasonability of 
reconstructing urban objects. The methodology is based on the combination and integration 
of indicators from three key areas of the city's life: demographic, economic and infrastructure. 
The first and very important step of the Methodology is the collection and preparation of data 
on the territory of a settlement or community in three sectors: 1) demography (number, 
dynamics, age clustering); 2) infrastructure area; 3) economy (gross regional/local product). 
The next second step is to use the Methodology, its logic and econometric formulas to 
calculate data, indicators and indices. In the process of applying methodological 
recommendations, the process of forming and calculating the relevant integrated models is 
carried out: 1) Demographic balance of the territory; 2) Assessment of the regional impact of 
aging; 3) Dynamics of gross regional product; 4) Multiplier of employment of the working 
population; 5) The optimal size of the city's population from an econometric perspective; 6) 
Per capita income depending on the age structure of the population; 7) The size of the 
infrastructure for the territory of the community/settlement depending on the number of 
population and the costs of its maintenance; 8) Assessment of the efficiency of the use of 
infrastructure and financial resources; 9) Its maintenance capacity. 

After that, it is necessary to calculate the aggregated indicators. The main aggregated 
indicators calculated at this stage are the balance of impacts: 
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1) Economic-demographic “Y”. The balance of the volume of gross regional and, 
accordingly, local product in relation to the population of the territory, which is necessary to 
understand the economic and tax capacity of the community/settlement; 

2) Infrastructural-economic “S”. The balance of the area of the infrastructure of the 
community/settlement (municipal, transport, public service, etc.) in comparison with the 
capacity of the community to maintain it; 

3) Demographic-infrastructural “N”. The balance of the population of the territory, its 
age structure (to distinguish the number of working-age population), as well as the dynamics 
of migration (considering the number of IDPs) in comparison with the infrastructure 
necessary to meet its needs. 

The next step is to find the equilibrium point of the aggregated indicators Y, S, N and 
their corresponding values. By subtracting the found values of the equilibrium aggregated 
indicators from their actual values available at the given territory, we will find the size of their 
deviation/change. Such deviations/changes with the sign "+" or "-" will indicate to us the need 
for further actions according to different scenario plans. 

The developed methodology for assessing the reasonability of reconstructing urban 
objects can become the basis of an innovative urban planning model that forms a holistic logic 
of community and regional management in the post-war period. It will allow identifying the 
strengths and weaknesses of territorial systems and serves as a tool for data-based decision-
making. With its help, it is possible to design not only reconstruction in Ukraine, but also 
territorial modernization for the long-term sustainability of Ukrainian cities in the context of 
the socio-economic challenges of the 21st century. 
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