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Abstract: The existing approaches to supporting the tasks of managing the urban areas development
are aimed at choosing an alternative from a set of ready-made solutions. Little attention is paid
to the procedure for the formation and analysis of acceptable options for the use of territories.
The study's purpose is to understand how various factors affect the efficiency of using the city’s
territory. In addition, we are trying to use this understanding to assess the possible consequences of
the implementation of management decisions on the territory transformation. We use the method
of structuring knowledge about the study area, taking into account the influence of the external
environment. This method implements the significant factors list formation and assessment of their
impact on development. Fuzzy cognitive modeling was used to build scenarios for identifying
contradictions in achieving sustainable development goals. The scenario modeling results are
necessary for the formation of the alternative. Alternatives are evaluated on the basis of fuzzy
multi-criteria optimization. The integration of methods makes it possible to increase the objectivity of
the analysis of strategies for urban areas development. The Belman-Zadeh method is used to analyze
the selected options based on criteria that determine the feasibility and effectiveness of each project.

Keywords: city development projects; cognitive modeling; development scenarios; fuzzy cognitive
map; fuzzy multi-criteria optimization; membership function; territory use efficiency; urban area

1. Introduction

Creating a sustainable future depends on good governance and the development
of science-based urban development policies. The practice of urban planning has a lot
of experience. However, there are a significant number of tasks that cause significant
difficulties in the solution process. First of all, there are the tasks of coordinating the goals
of stakeholders. There are also the tasks of identifying the most significant factors that
affect the efficiency of using a particular territory [1].

The urban area is a resource. On the one hand, the disposal of this resource makes
it possible for the city as a subject of a competitive environment to receive profits and
preferences in case of its effective use. On the other hand, the urban area is the basis for the
existence and functioning of the urban community. The main goal of the functioning of the
city is to meet the needs of urban residents in quality housing, social facilities, transport,
engineering infrastructure, and other life support systems.

The structure and appearance of cities are constantly changing. New activities and
uses of the urban area are emerging. Public spaces and recreational areas are becoming
increasingly important. Attitudes towards existing buildings have changed significantly in
recent years. The practice of rehabilitation and adaptation of old buildings and structures
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is being actively introduced. This makes it possible to increase the efficiency of urban land
use and make the city more attractive for living.

The problem of restructuring urban spaces is becoming increasingly relevant. The
works of Randall F. Mason, Donovan R. Rypkema, and Caroline Cheong provide the most
comprehensive review of studies analyzing approaches to the use and conversion of built-
up areas, as well as to the economic aspects of the historical buildings’ preservation [2,3].

Various options for reusing existing buildings are considered in many works. Stud-
ies [4–6] analyze various renovation options that contribute to social and economic improve-
ments. Methods for organizing activities to coordinate various interests when choosing
options for the development of territories are considered in [7,8].

Methods based on the analysis of basic costs and benefits, mathematical modeling,
and statistical analysis are of particular importance at the moment. These methods can be
used to determine the return on investment in a city development project [6,8].

Works [9–13] study the sustainable development of urban areas. The approaches are
based on the modeling of urban development from the position of a person’s perception
of the physical environment of the city and the satisfaction of its basic needs, as well as
external influences (political, economic, social, etc.).

The following aspects can be noted based on the results of the implementation of
programs for the transformation of territories in various cities of the world [14–16]:

• Renovation of urban space is a complex process aimed at enhancing economic activity,
increasing sustainability, and creating new competitive advantages for the city;

• The interests of various parties, primarily residents and potential investors, must be
coordinated when implementing projects to transform territories;

• The process of interaction with the owners of obsolete objects located in the territory of
redevelopment is carried out by buying out real estate objects at a certain market value.
Or the owner is involved in the implementation of the project along with external
investors who are attracted by the city authorities;

• Minimization of risks and negative effects in the implementation of adaptive manage-
ment programs for the development of territories is possible by taking into account
the comprehensive impact of the project: on the local budget, on changes in real estate
prices, on the level of investment and unemployment at the project development stage.
Monitoring of the implementation of the relevant project may also be carried out
subsequently. This will allow us to make timely adjustments if necessary.

Support for decision-making on the management of changes in urban areas should
be based on a consistent analysis of the existing situation and a reasonable choice of
development options. At the same time, uncertainties and long-term forecasts must be
taken into account. This will help avoid negative consequences.

Various modeling methods and technologies are used in decision support systems
in the field of urban planning and sustainable development of cities. For example, factor
analysis methods are used in [17] to assess the prospects for the demolition of buildings
for sustainable renovation. Data on economic, social, environmental, and institutional
aspects of sustainable development have become the subject of analysis. Both individual
characteristics of buildings and external indicators at the district, local, or city level are
taken into account.

Multi-criteria evaluation methods are actively used in planning and urban devel-
opment problems. The study [18] highlights the complexity of decision-making in the
process of urban transformation. The authors describe a process for evaluating options
for Sustainable Urban Regeneration of Historic Urban Quarters based on the analytical
hierarchy process (AHP). Particular attention is paid to the harmonization of social and
economic criteria.

A preliminary decision model for evaluating the sustainability of urban renewal
projects based on hybrid multi-attribute decision-making (MADM) is presented in [19]. It
is shown how various indicators affect the effectiveness of decisions made.
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An approach based on the integration of machine learning methods (spatial iden-
tification of the territory) and methods of multi-criteria optimization are studied in the
article [20]. The authors propose a conceptual framework based on complex urban ecosys-
tems, combining ecological and socio-economic subsystems to assess the most appropriate
land use directions under different brownfield redevelopment objectives. The AHP method
was used to evaluate redevelopment options. This once again confirms that the integration
of various methods allows for an increase in the validity of the analysis. Thus, work [21]
combines various techniques, such as stakeholder engagement, SWOT analysis, and the
ANP-BOCR method. The authors argue that this made it possible to obtain an objective
and reliable result in the analysis of options for the transformation of the port area on the
canal of Rimini, Italy.

The choice of decision support methods, as well as tools for their implementation,
is still a difficult task. Therefore, reviews of decision-making methods for solving urban
planning problems make it possible to justify the choice of methods [22,23]. Constructive
proposals for collaborative decision-making in urban regeneration in terms of policy formu-
lation, stakeholder coordination, and development of decision support tools are presented
in [24] based on an analysis of 160 journal articles.

It should be emphasized that most studies focus on the process of choosing an alter-
native from a set of ready-made solutions. However, the process of forming acceptable
options most often turns out to be the most difficult in urban planning tasks. An integrated
framework is proposed in [25] that combines stakeholder analysis, STEEP plus SWOT
analysis, scenario building, and a multi-criteria decision analysis approach (MCDA). Such
an integrated approach is applied in the analysis of future scenarios for an underdeveloped
area in Northern Italy. However, the mutual influence of various factors is not taken into
account in this case.

The process of urban evolution is also studied on the basis of statistical approaches. It
includes model selection, variable fitting, spatial autocorrelation, and scaling to compre-
hensively study the development of urban evolution [26]. The use of the GIS approach
allows stakeholders to be involved in the joint development and interpretation of urban
space through dynamic geovisualization and modeling [27].

Modeling urban land use change can come in relatively diverse forms in terms of lay-
out, building density, and rate of change. Today, the global measurement of changes in land
use associated with urbanization is a topical issue for the urbanized areas
development [28,29].

The analysis of existing approaches to solving the problems of choosing options
for the development of urban areas showed that most of them use methods with the
following disadvantages:

• There is no mechanism for agreeing on the development goals of the territory;
• There is no mechanism for taking into account the mutual influence of factors and

cumulative effects;
• The uncertainty factor of the initial information is not always taken into account when

forming criteria for evaluating alternatives.

The choice problem considered in this study is characterized by a high level of un-
certainty. In this case, it is difficult to specify the specific value of the target indicators.
Methods based on knowledge representation models are necessary in order to understand
which alternatives correspond to these directions of desirable development, and to identify
contradictions and problems of the situation under study. In this regard, it is proposed to
use a cognitive approach that will make it possible to form a list of significant environmen-
tal factors and assess the impact of these factors on the development of the situation under
study. This will significantly improve the stage of preliminary analysis of the problem
being solved.

This technology is able to identify a number of scenarios that describe alternative fu-
tures and assess the possibility of improving the situation [30–32]. Works [33,34] present the
results of applying the scenario approach to the analysis of sustainable urban development.
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The possibilities of integrating cognitive modeling with decision-making methods are
shown in the framework of this study. This creates the basis for the analysis of possible
impacts on the future states of the analyzed system.

This document is structured as follows. This section reveals the relevance and back-
ground of the work and contains a review of the literature on the application of Scenario
Forecasting Methods and Fuzzy Multi-Criteria Modeling, as well as various approaches
to the transformation of the city and the selection of projects for the development of these
territories. Section 2 describes the proposed approach to decision support in substantiating
urban development strategies. The section contains a description of the procedure for
constructing a cognitive map and a presentation of the model for ranking projects for the
development of the territory. The rationale for the choice of the assessment method is
given additionally. Section 3 contains the results of applying the proposed approach to
the analysis of the use of the territory of a particular settlement (the city of Pallasovka,
Volgograd region, Russia). The description is made to build simulation scenarios using
FCM and calculate the evaluation of development options. Section 4 analyzes the results
of the conducted studies in comparison with existing studies in this and related areas of
application of MCDM, as well as the advantages of the proposed approach. Section 5
formulates general conclusions, summarizes the results, and outlines the prospects for
the study.

2. Materials and Methods

Activities for managing the development of urban areas should be based on informa-
tion related to the need to solve a number of analytical tasks:

1. Analysis of the effectiveness of the use of territorial and natural resources;
2. Analysis of options for the use of territories;
3. Analysis of investment activity;
4. Analysis of the dynamics of construction and reconstruction of housing;
5. Analysis of the effectiveness of the functioning of transport, engineering, and

social infrastructure;
6. Analysis of the environmental situation.

This study aims to form an approach to support decision-making on the transforma-
tion of the city. The proposed approach includes a number of stages presented in Figure 1.
The approach implements all the necessary procedures that are defined by state regula-
tions when planning activities for integrated area development (the example of the legal
framework of the Russian Federation is used).

2.1. Stage 1. Obtaining Initial Data on the Study Area

The collection of information about the study area is carried out from various sources
in the first stage. This information is usually contained in a public cadastral map or other
sources associated with land use registration.

2.2. Stage 2. Analysis of the Urban Context of the Study Area

This stage includes the collection of information about the legal status of land and
property complexes that are part of the study area. This information is contained in the
database of the state register of real estate. Information on the composition of engineering
and geological surveys of the territory under consideration and assessment of the technical
characteristics of buildings and structures on the territory are additionally specified from
the survey technical reports.
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Figure 1. Decision support method in substantiating urban areas development strategies.

The level of uncertainty of the processes under study must be analyzed when studying
the functioning and development of such a complex system as an urbanized area. It is
necessary to identify the factors that determine the development of the situation and
understand which of them can be assessed on the basis of statistical information, and which
on the basis of an expert survey.

Table 1 shows the types and sources of information used in solving problems of
territorial development.

Table 1. Types and sources of information.

Types
of Information Description Sources

Statistical Demographic, production, financial,
environmental indicators, etc.

Statistical and financial database, state real
estate cadaster, state cadaster of natural

resources, censuses, surveys, monitoring
information systems

Spatial

Areas of functional zones, parameters of objects,
length and density of the transport network,

parameters of engineering infrastructure,
parameters of landscaping, relief features, types of

vegetation, and other semantic information

GIS, cartographic fund

Regulatory-Reference Laws, regulations, sanitary norms and rules,
standards, etc.

Legislative information bases, industry
information funds

Analytical Results of forecasts, expert analysis, data mining Databases of monitoring systems, expert
sourcing systems

2.3. Stage 3. Preliminary Spatial and Economic Modeling of the Territory

This stage includes a preliminary spatial and economic justification of the project. The
stage is aimed at assessing the investment attractiveness of the territory for the implemen-
tation of the project, taking into account urban planning and economic restrictions. The
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financial and economic justification of the architectural and urban planning concept of the
proposed development of the territory is also being carried out.

The collection of information about the real estate market of the territory under
consideration and the population is carried out as part of this stage. The balance of the
territory is drawn up.

The balance of the territory includes a description of the total area of residential and
commercial buildings, the area of the territory occupied by social infrastructure facilities
(schools, kindergartens, clinics, hospitals, etc.), the area of the public territory, including
the road network, squares, parks, etc. The generated balance shows the structure of the
functional use of the territory based on the total area of real estate objects located on it. The
spatial model of the area is formed using OpenStreetMap, QGIS, AutoCAD, or other GIS.

2.4. Stage 4. Creation of a Cognitive Model of the Integrated Area Development

The next stage is an addition to the standard decision selection procedures and imple-
ments scenario forecasting based on a fuzzy cognitive model (FCM). This approach has
shown its effectiveness in a variety of subject areas [35–41].

The methodology of cognitive modeling is focused on working with expert knowledge.
It provides the necessary tools for identifying, analyzing, and coordinating the views that
characterize the opinions and views of those involved in the management process.

The construction of the model is based on the study of the interests of all stakeholders.
Therefore, the effect achieved from the implementation of the project may have:

• Financial expression—increase in income from taxes, business, etc.;
• Non-financial expression—increase in the value of city assets (infrastructure and real

estate), improving the quality of life of the population, increasing the competitiveness
of the city, etc.).

The factors included in the model reflect the urban context and urban morphology of
the territory under consideration. They make it possible to analyze various aspects of the
development of the situation, taking into account the identified interrelations, and to assess
the consequences of the decisions made.

Classical forecasting methods focus on assessing the most probable variant of the
system development. Uncertainty and ambiguity of the trajectory of this development are
the initial prerequisites for scenario forecasting.

Scenario forecasting makes it possible to simultaneously consider several options
for the development of a situation and analyze opportunities and risks. The scenario
approach does not specify a specific set of actions for creating a forecast but defines a set of
various techniques and mechanisms that allow synthesizing scenarios. One of the main
tasks of scenario forecasting is to detect such factors from among those inherent in current
conditions and situations that will allow the creation of a mechanism for influencing the
future states of the system.

Expert knowledge is needed to determine the factors of the model. The experts should
have an understanding of the environmental, social, economic, and technological aspects
associated with the development of the area under consideration. In addition, information
is used from open sources, which contain data on the study area.

The factors presented in Table 2 were determined to solve the problem of analyzing
scenarios for territory development. The list of presented factors is based on the trinity of
categories of real estate: physical (material), legal and economic, as the main component of
the urban area. The factors highlighted in each category create a comprehensive view of
the object of study and allow an all-around assessment of possible future transformations.
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Table 2. Factors that determine the urban areas’ development strategies.

N Factor Description

1 External factors

1.1 Legislative Restrictions Regulatory framework for construction

1.2 Value of Surrounding Development Objects of historical and cultural heritage, building after 2000

1.3 Location Natural and climatic conditions, area relief, position relative to the central
part of the city

1.4 Cultural and Historical Value National mentality, cultural and historical features of the territory

2 Adjustable factors

2.1 Land Use
Changing the functional use by changing the permitted use of the object,

taking into account the most rational use, revaluation of the cadastral value
of the object (changes in objects profitability)

2.2 Size of Vacant Land Plots
Variation in the parameters of the land plot, based on the availability of free

space, the proposed boundaries for the implementation of the integrated
area development

2.3 Devaluation of Existing Objects
Change in the technical condition (wear and tear) of the existing building,

energy efficiency class of objects, aesthetic appearance of objects, compliance
with the requirements for the number of stores (height) of buildings

2.4 Engineering Infrastructure Availability of engineering communications, their technical condition

2.5 Transport Infrastructure Transport links with local centers of city districts

2.6 Recreational Potential Availability of recreation facilities (park, square, boulevard, alley,
water body)

2.7 Owner Powers Change in scope of rights of the real estate owner

3 Target factors

3.1 Investment Potential Changes in the economic attractiveness of the city, sources of economic
development, changes in the income level of the population

3.2 Social Effect Socio-ecological characteristics of the territory (change in population,
ecological state of the urban environment, comfort of living)

It is necessary to determine the relationship between factors and establish the direction
of influence to build a cognitive model. FCM is a parameterized form of concept mapping.
Qualitative static models can be developed with their help. Further, they can be transformed
into semi-quantitative dynamic models.

Such maps are a relatively easy-to-use form of semi-quantitative modeling. They are
used in a wide variety of fields to understand the behavior of complex systems. FCM
represents knowledge and defines the components of the system (factors), the positive or
negative relationships between them, and the degree of influence of one factor on another.
The developed model in the form of a cognitive map is shown in Figure 2. For example, the
influence of the “Engineering Infrastructure” factor on “Investment Potential” is positive,
i.e., an increase in the quality of engineering infrastructure will lead to an increase in
investment potential.
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The constructed map is used to model the behavior of a complex system where
uncertainty is high and there is little empirical data. In this case, it is used to analyze
options for the development of local territories of small towns. It is necessary to build
possible development scenarios and evaluate the values of target factors for this analysis.
“Social Effect” and “Investment Potential” are the target factors in this case.

Scenario modeling allows us to consider the dynamics of the development of the
situation, both in the presence of control actions and in their absence. On the other hand,
scenarios are necessary to analyze the risks that may be the result of erroneous decisions or
unfavorable developments.

2.5. Stage 5. Fuzzy Multi-Criteria Evaluation of Alternative Projects for the Area Development

The results of scenario forecasting are used to form alternatives that meet the strategic
goals of the territory’s development. Further, suitable investment projects are proposed to
be evaluated using the fuzzy optimization method.

Accuracy and practical meaning become almost exclusive concepts for real situations
in economic, social, and other systems, the complexity of which exceeds a certain threshold
level. Therefore, it is necessary to take into account uncertainty when evaluating options in
decision-making.

The use of probabilistic models leads to the fact that uncertainty is identified with
randomness. At the same time, fuzziness is a major source of uncertainty in many
decision-making processes [42–44].

The theory of fuzzy sets was first proposed by the American mathematician Lotfi
Zadeh. It is used to overcome the difficulties of representing imprecise concepts and
analyzing and modeling complex systems.

A fuzzy set is a set of ordered pairs of the form < x, µA(x) >, where x is an element
of some universal set X, and µA(x) is a membership function that associates each element
x with some real number from the interval [0, 1], i.e., defines the mapping [45]:

µA : X → [0, 1] (1)

The value µA(x) = 1 means that element x definitely belongs to the fuzzy set A. The
value µA(x) = 0 means that the element x definitely does not belong to the fuzzy set A.

The Bellman-Zadeh principle is widely used in decision-making models under un-
certainty [41]. A modification of this method [46] allows the use of paired comparisons to
evaluate alternatives. It is based on the following points:

• Interpretation of the criteria as fuzzy sets defined on universes of the discourse of
variants by membership functions;

• Determination of the membership functions of the fuzzy sets on the basis of expert
information about paired comparisons of variants by the 9-point Saaty scale [47];

• Ranking of variants on the basis of intersections of fuzzy sets, criteria that correspond
to the Bellman–Zadeh scheme known in decision theory;
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• Ranking of criteria by the method of paired comparisons and interpretation of the ranks
obtained as the degree of concentration of the corresponding membership functions.

Let there be a set of k alternative projects:

X = {x1; x2; . . . xk}. (2)

A comparative analysis of the presented projects can be carried out according to the
following set of quantitative and qualitative criteria:

G = {G1; G2; . . . Gn}. (3)

Then the fuzzy set can be considered for the criterion G:

G =

[
µG1(x1)

x1
,

µG2(x2)

x2
, . . . ,

µGi(xk)

xk

]
(4)

where µGi
(

xj
)
∈ [0, 1]—evaluation of the alternative project xj according to the criterion Gi

characterizes the degree of compliance of the alternative with the concept defined by the
criterion G.

If there are n criteria G1; G2; . . . Gn, then the best alternative is considered to satisfy
both the criteria G1, and G2, and . . . , and Gn. Then the rule for choosing the best alternative
can be written as the intersection of the corresponding fuzzy sets:

D = G1 ∩ G2∩, . . . ,∩Gn. (5)

The operation of intersection of fuzzy sets corresponds to the operation min, performed
on their membership functions:

µ
(
xj
)
= min

i=1,n
µGi

(
xj
)

(6)

The most efficient design option should have the highest x* membership function value:

µ(x∗) = max
j=1,k

µGi
(
xj
)

(7)

The task of the study is to select the best project for the transformation of the territory
based on the analysis of economic, social, technical and environmental criteria. At the same
time, it is necessary to take into account the complex nature of the interrelationships of
these criteria based on existing state standards and norms.

Each of the projects has its own specific characteristics, which are determined by the
requirements for construction and further operation (requirements for lighting, mainte-
nance of engineering systems of the facility, planting of greenery, availability of parking
spaces, etc.). Despite this, criteria common to alternative projects have been proposed.
These criteria characterize the feasibility and effectiveness of the implementation of the
projects under consideration.

In this regard, the following criteria have been defined:
G1—the uniqueness of the object in the segment of the market under study (the level

of competition among market participants)—this criterion distinguishes an object (planned
for implementation) among identical objects (existing) related to this market segment (the
specific feature of the object being created will primarily come from the uniqueness of its
location, the presence of such objects in this segment, as well as its functional features, that
were previously uncharacteristic of other objects);

G2—social significance (the degree of the project’s contribution to the solution of
strategic tasks for the development of the territory)—the project being created should
take into account the current needs of the population in the social sphere, help im-
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prove the quality of the urban environment and preserve the population in the territory
under consideration;

G3—project payback period—this criterion determines the time interval that runs from
the moment the project idea is created to the receipt of revenue covering the investment
costs of its creation;

G4—budgetary efficiency (return on investment) of project implementation—the esti-
mated return on investment reflects the additional cash flow that is planned for receipt by
the city budget;

G5—the complexity level of the object operation—the level of complexity of operation
of the created object is determined by its functional features, the level of engineering and
technical equipment, and maintenance requirements;

G6—environmental impact of the project—the level of the environmental impact of the
object is determined by the peculiarities of operation and previously identified precedents
of the negative impact of objects of this kind on the surrounding area.

Each criterion is represented by a linguistic variable. For example, budgetary efficiency
is defined by the following set of terms: “low efficiency”, “medium efficiency”, “high
efficiency”, and “super high efficiency”.

The resulting solution should determine the minimum required increase in the cost of
the territory and provide possible benefits for the main stakeholders (residents, developers,
entrepreneurs, cities) from an economic point of view. In this case, the result must comply
with the rules of land use and development, the master plan, local or regional standards
for urban design, etc.

2.6. Stage 6. Draft Decision Coordination and Obtaining Rights to Land Plots

Preparation of a package of documents for obtaining rights for the land plot devel-
opment within the previously established boundaries is carried out at the stage of project
approval. Correction of the land plot project must be made taking into account the new
conditions in case of obtaining a negative opinion.

2.7. Stage 7. Development of an Architectural and Urban Planning Concept

The master plan can begin to be drawn up once the project has been approved.
Simulation results and real calculations are coordinated at this stage. The master plan
contains information about the main technical and economic indicators of the planned
development, the stages, and the timing of the project for the land plot development.

2.8. Stage 8. Development and Approval of Design Documentation

The development of design and estimate documentation is carried out on the basis of
the information provided in the master plan. Further examinations of project documenta-
tion are carried out by the executive authorities. The decision to start construction is made
as a result.

3. Results

The territory located in the city of Pallasovka (Volgograd Oblast, Russia), cadastral
quarter 34:23:190,066 (Figure 3) was selected for experimental analysis. The initial data
characterizing this object are presented in Table 3.
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Table 3. Description of the object of study.

Index Description

Region, district Russia, Volgograd Oblast, city of Pallasovka

Geospatial location characteristic

Pallasovka is a city (since 1967) in Russia, the administrative center of the Pallasovsky
district of the Volgograd Oblast. It belongs to the small towns of Russia in terms of

population. The city is located in the steppe in the northeast of the Volgograd region.
Distance by road to the regional center, the city of Volgograd—280 km, to the nearest

large city (Saratov)—230 km

Intracity location

The city of Pallasovka is conditionally divided into the following parts: “Center”,
“Daws”, “3rd Youth Brigade”, “6th Quarter”, “Zalineiny District”, “Zarechny District”

and “Dachi”.
The object of study is located in the Zarechny area. Cadastral quarter 34:23:190,066

Microdistrict predominant development Residential low-rise buildings and individual residential buildings (construction
period 1960–1980), administrative buildings, retail and sports facilities

Prestige of the microdistrict Medium: located in close proximity to the central part of the city.

Availability of public transport/transport
accessibility

(subjective assessment)

Medium: a public transport stop is located on one of the streets limiting the
microdistrict

Area ecological situation
Good: located at a slight distance from the central park of the city, the Bulbin River;
the communal warehouse complex located on the territory is not subject to negative

environmental impact

Availability of social infrastructure
facilities (subjective assessment)

An area with a moderately developed infrastructure: in the immediate vicinity of the
quarter there is a secondary school No. 12, the Kolos sports stadium, the Romashka
kindergarten, a sports school, and a regional house of culture; on the territory of the
quarter there is a sports and recreation complex Sokol; at a slight distance from the

quarter there is a youth center Spektr; Central district hospital and children’s
polyclinic are located at a considerable distance

Objects of the industrial infrastructure of
the microdistrict

Enterprises of public utility and warehouse purposes (middle class of sanitary hazard)
are located on the territory of the quarter

Distance from the main streets (highways)
of the city

The quarter is located in close proximity to the main streets of the city (Ostravskaya
St., Budenny St., Krasnoarmeyskaya St.)

Condition of the territory (subjective
assessment)

Poor improvement of the quarter territory: no pedestrian paths, no landscaping, the
roadway is worn out

Functional zones within the boundaries
of the cadastral quarter

There are two zones: (i) the zone for the formation of residential areas with the
placement of apartment buildings 4–5 floors (a wide range of local services is allowed,

utilities without exceeding the permissible levels of environmental impact); (ii) the
zone to ensure the legal conditions for the formation of public utility enterprises of the

middle class of sanitary hazard, requiring the organization of sanitary protection
zones with a radius of 300 m (some commercial services are allowed that contribute to
the development of production activities; a combination of various types of permitted

use of real estate in a single zone is possible only subject to regulatory
sanitary requirements)
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The transformation of this territory should affect the efficiency of its use and im-
prove the indicators of the city’s development. This requires the choice of decisions, the
consequences of which are difficult to assess due to the high level of uncertainty.

Planning for the transformation of the territory requires an analysis of “advantages”
and “disadvantages”, which can become important factors influencing the achievement of
goals (Table 4).

Table 4. Advantages and disadvantages of the study area.

Advantages Disadvantages

Proximity to the central part of the city (the center of business
and cultural activity of the population)

Inconsistency in the legal statuses of land plots located on the
quarter territory

Variability of permitted use of the territory Restriction on the number of stories (height) of the buildings

Proximity to the developed infrastructure of the city Low efficiency of the use of existing buildings, the presence of
vacant land plots

Close proximity to consumers (population) Insignificant socio-economic effects of exploitation

The presented characteristics of the complex of land plots under consideration reflect
the need to introduce changes in the use of this territory.

In this case, the application of cognitive modeling for the implementation of trans-
formations will be carried out taking into account modern trends in the development of
society and the state tasks. The following modern principles for the construction of urban
spaces should be viewed in the created models for area development:

• Localization;
• Presence of boundaries and respect for distances;
• Openness or limited place of business;
• Availability of the created project;
• Permeability of the territory for visual perception;
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• The possibility of unhindered movement of the population, including people with
limited mobility;

• The scale of the proposed development and the achievement of the stylistic unity of
the elements, taking into account the existing environment.

Target factors that determine strategic changes must be established in order to work out
the mechanism for transforming the territory, namely, creating the necessary
improving impacts.

The starting point can be the characteristics of the studied settlement in the context of
Russian cities that is carried out by the company “STRELKA KB”.

A slight growth trend is shown by the urban environment quality index established
for the city of Pallasovka for the period 2018–2021 (Figure 4). Multi-criteria analysis is
at the heart of established indexes. This analysis makes it possible to establish the main
directions for changing the urban area.
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A detailed study of the urban environment quality indicators for the analyzed period
showed that the decline in the urban environment quality is primarily associated with the
low values of the following indicators (Figure 5):

• Provision of territory with green spaces;
• Public and business infrastructure and adjacent spaces;
• Social and leisure infrastructure and adjacent spaces.
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Oblast, Russia.

The creation of cognitive models for the development of urban areas requires the
identification of the main participants (stakeholders) who are interested in the creation and
implementation of projects for the transformation of territories.

Participants of the considered project (stakeholders):

• State and municipality represented by the city administration (head of the urban
settlement of Pallasovka);

• Department for Land and Property Relations and Taxes, Pallasovka;
• Department of Construction and Housing and Communal Services of Pallasovka;
• Department of Economics of Pallasovka;
• Chamber of Control and Accounts of the Volgograd Oblast;
• Office of the Federal Service for State Registration, Cadaster and Cartography for the

Volgograd Oblast;
• Prosecutor’s office of Pallasovka;
• Local population (owners of land and property complexes);
• Insurance companies;
• Investors, banks;
• Entrepreneurs (legal entities and individual entrepreneurs).

The state represented by the city administration is the main participant. This is because
the creation of comfortable and safe living conditions for the population, as well as the
solution to acute social and economic issues, is the basis of territory management.

The establishment of new trends in the development of the considered land and
property complex is carried out in the form of a tree of goals. Such a tree of goals can
be formed due to previously identified socio-economic problems, as well as the current
direction of the use of the study area.

1. Increasing the territory use efficiency.

• 1.1. Increase in tax revenues to the city budget (tax deductions).
• 1.2. Improving the harmony of the architectural ensemble of urban space (development

of infrastructure, landscaping, green spaces).
• 1.3. Creation of a favorable environment for the involvement of the population in

the cultural and sports life of the city (growth in the number of social, leisure, and
sports facilities).

• 1.4. Increasing environmental friendliness
• 1.5. Reducing the population migration level.
• 1.6. Growth in the well-being of the population (decrease in unemployment, increase

in incomes of the population).
• 1.7. Attracting investors for city development.

The software product “Mental Modeler” was used as a modeling tool [48].
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The methodology of cognitive modeling makes it possible to predict the consequences
of decisions made on the basis of scenario analysis. Knowledge extraction is carried out by
converting all linguistic variables into numerical values using the defuzzification process.
Factors are assigned a value in the range [0, 1] and weights are assigned values in the range
[–1, 1] after defuzzification to reflect the strength of negative and positive influences. A
positive value of the weight wij means that an increase (decrease) in the value of criterion Ci
leads to an increase (decrease) in the value of criterion Cj. Similarly, a negative weight wij
means that an increase (decrease) in the value of criterion Ci leads to a decrease (increase)
in the value of criterion Cj, and a zero weight means that there is no connection between
criteria Ci and Cj. The adjacency matrix is formed as a result (Figure 6).
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Land plots located on the territory of the study block are the basis for the creation of
new buildings, or the reconstruction/overhaul of existing objects. Land plots, like any prod-
uct, have certain properties: turnover, cadastral/market value, divisibility/indivisibility,
and the existence of a legal connection between a land plot and other objects.

In addition, any land plot as a real estate object has unique properties. The unique
properties of a land plot include: location, area (size), topographical and qualitative charac-
teristics. The use of these properties of the land resource will make it possible to establish
tools for the effective transformation of the territory.

Three impact scenarios will be considered next.

3.1. Scenario 1: Change of Land Use

The purpose of land use of an object plays a key role in determining the number of
funds that go to the federal, regional, and local budgets. Financial resources will be formed
from the land tax, rent, and the cost of the land.

Expansion of the land use types of the object within the category under consideration
will increase the profitability of the object. This will lead to an increase in the cadastral
value of the property and its value to the surrounding development (Figure 7a).

Figure 7b shows a scenario that is associated with inefficient land use or long-term
non-use of the object. Target factors acquire negative values in the implementation of this
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scenario. This confirms the hypothesis about the formation of lost profits due to inefficient
use of the territory.

Information 2023, 14, x FOR PEER REVIEW 16 of 22 
 

 

  
(a) (b) 

  
(c) (d) 

  
(e) (f) 

Figure 7. Simulation results for the following scenarios: (a) increasing the influence of the criterion 
“Land Use” on the target criteria; (b) reducing the influence of the criterion “Land Use” on the 
target criteria; (c) increasing the influence of the criteria “Size of Vacant Land Plots” and “Devalu-
ation of Building Objects” on the target criteria; (d) reducing the influence of the criteria “Size of 
Vacant Land Plots” and “Devaluation of Building Objects” on the target criteria; (e) increasing the 
influence of the “Owner’s Authority” criterion on the target criteria; (f) reducing the influence of 
the “Owner’s Authority” criterion on the target criteria. 

3.2. Scenario 2: Change in the Size of a Vacant Land Plot, Change in the Devaluation of Building 
Objects 

The following scenario includes a combination of factors of changing the size of the 
vacant land plot and the devaluation of building objects. The land plot and the buildings 
located on it represent a single balanced real estate object. The values of the target indi-
cators become negative when predicting the development of the situation (Figure 7c). 

The result of this scenario is due to the gradual accumulation of cumulative depre-
ciation (physical, functional, and external) for buildings. The presence of physical dete-
rioration is not typical for the land. However, the size of a vacant land plot, taking into 

Figure 7. Simulation results for the following scenarios: (a) increasing the influence of the criterion
“Land Use” on the target criteria; (b) reducing the influence of the criterion “Land Use” on the target
criteria; (c) increasing the influence of the criteria “Size of Vacant Land Plots” and “Devaluation of
Building Objects” on the target criteria; (d) reducing the influence of the criteria “Size of Vacant Land
Plots” and “Devaluation of Building Objects” on the target criteria; (e) increasing the influence of
the “Owner’s Authority” criterion on the target criteria; (f) reducing the influence of the “Owner’s
Authority” criterion on the target criteria.

3.2. Scenario 2: Change in the Size of a Vacant Land Plot, Change in the Devaluation of
Building Objects

The following scenario includes a combination of factors of changing the size of the
vacant land plot and the devaluation of building objects. The land plot and the buildings
located on it represent a single balanced real estate object. The values of the target indicators
become negative when predicting the development of the situation (Figure 7c).
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The result of this scenario is due to the gradual accumulation of cumulative deprecia-
tion (physical, functional, and external) for buildings. The presence of physical deterioration
is not typical for the land. However, the size of a vacant land plot, taking into account
changing external conditions, also loses its advantages, since the efficiency of its use is
steadily declining.

The values of the target criteria become positive during actions related to the recon-
struction, modernization of existing objects, and the reduction of vacant land
plots (Figure 7d).

In this case, the system of land and buildings (building objects) acquires new prop-
erties. The balance of interaction within the created system makes it more resistant to the
influence of the external environment. This also gives it certain competitive advantages for
further development.

3.3. Scenario 3: Change of Owner’s Authority

The legal boundaries for the use/disposal of an object are determined by the range
of rights that are established by law for a real estate object. Figure 7e reflects the situation
regarding the expansion of property rights.

The range of possibilities for using the object expands in this situation. This increases
the economic and social potential and increases the territory use efficiency.

The ability to manage changes is significantly reduced when rights to an object are
restricted. This leads to a decrease in social effects and economic benefits (Figure 7f).

The narrowing of the boundaries of legal possibilities creates a threat of economic
damage in the process of using the object and leads to a decrease in the value of the object
for a potential investor.

3.4. Solution of a Multicriteria Problem

The construction of a cognitive model allows us to assess the need to transform the
existing territory based on the current situation in the city as a whole. Projects that do not
allow for the best scenarios implementation can be excluded from consideration based on
the analysis. The fuzzy optimization method was used to rank three projects that were
selected at the preliminary stage. The criteria for comparison have been described above. The
initial data for project analysis are determined on the basis of previously implemented projects
for the construction of sports facilities and medical centers in Russian cities. These data give an
idea of the final technical indicators of projects during their implementation (Table 5).

Table 5. Technical parameters of projects.

Name of Indicator Dimension

Numerical Values for the Project

Construction
of a Sports Center with a

Swimming Pool

Construction of an Ice
Arena

Construction
of a Building

of the Medical and
Diagnostic Center

Total building area m2 4378 2022.59 2629.73
Structural volume of

the building m3 20,377 14,641.29 35,769.80

Total land area m2 4228 4432.95 4197
Built-up area m2 2114 2211.98 1865

Capacity people up to 100
(grandstand) up to 500 1000

Pairwise comparisons over the entire set of alternatives must be carried out to solve
the problem. Pairwise comparisons were made over the entire Cartesian set, i.e., according
to the rule “each with each”. The first alternative is compared with the second and third,
the second is also compared with the third for each criterion separately.
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Pairwise comparison matrices for each of the six criteria were generated and the values
of the priority vectors were calculated to find a solution (Table 6).

Table 6. Priority vector values.

Priority Vector Name
Project

Swimming Pool Ice Arena Medical and
Diagnostic Center

Priority vectors for object uniqueness 0.67742 0.22581 0.09678
Priority vectors for social significance 0.66667 0.16667 0.16667

Priority vectors for operational complexity 0.74469 0.14894 0.16667
Priority vectors for environmental impact 0.15789 0.52632 0.3158

Priority vectors for the project payback period 0.67742 0.22581 0.09677
Priority vectors for project budget efficiency 0.65217 0.21739 0.13043

Table 7 shows the solution of the considered multi-criteria problem.

Table 7. Solution evaluation results.

Fuzzy Solution
Project

Swimming Pool Ice Arena Medical and
Diagnostic Center

Intersection of Particular Criteria 0.15789 0.14894 0.09678

The project for the construction of a swimming pool is the most attractive based on
the results of the analysis. This project outperforms other projects in four out of six criteria.

4. Discussion

The developed model was used to analyze the possibilities of transforming a local
area in the city of Pallasovka (Volgograd region, Russia). A detailed analysis of the socio-
economic state of the study area makes it possible to construct scenarios for its development.
These scenarios are a way to explore strategies for improving the efficiency of land use and
justify the selection of projects at a preliminary stage.

Scenarios of influence of the criteria “Land Use”, “Size of Vacant Land Plots”, “Deval-
uation of Existing Objects” and “Owner Powers” on the target criteria were implemented.
Scenario analysis showed that actions to increase the size of a vacant land plot and devalu-
ate building objects have the greatest impact on investment potential and social effects. The
influence of these factors reflects the following statement: the consumer’s perception of the
territory under consideration occurs primarily through the compositional picture created by
the land and property complex of the territory under study. The social aspect is manifested
in the reluctance of city residents to visit morally and physically obsolete buildings. This
does not allow for generating high yields on objects and attracting additional investors to
vacant land plots. As a result, the investment potential has rather low values.

The actions of related criteria (expansion of the rights of the owner and change in
the land use of the existing development) can be considered as an additional tool for the
development of the territory. However, the modeling of the considered scenarios does not
give a clear idea of the options for the most effective change in their land use. In addition,
it is difficult for the developer to determine which of the presented scenarios will provide
him with the maximum profitability and normal payback period of the project based on
the presented models. Therefore, three possible alternative projects for the transformation
of the territory were considered on the basis of the identified most significant ways of
influencing social and economic factors.

Land use for the project was established based on the study of the opinion of the
local population. Specific needs and resources were analyzed to determine the combined
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properties of the project that would provide the resident with the greatest satisfaction of
their need. Additionally, modern requirements for the transformation of existing territories
were taken into account.

The proposed solution makes it possible to carry out a risk analysis based on an
assessment of the influence of various factors, to agree on development goals, and to
increase the validity of the choice of alternative projects. This distinguishes it from existing
approaches to solving the problem of choosing options for territory development. The
proposed method contributes to the implementation of the principle of the most effective
use in terms of managing the development of the city territory: the method provides legal
permission, physical feasibility, financial validity, and maximum profitability.

Thus, the integration of fuzzy cognitive modeling and fuzzy multicriteria optimization
makes it possible to increase the objectivity of the analysis of strategies for the development
of urban areas. Fuzzy multi-criteria optimization allows for taking into account many
criteria that are important for the development of the territory, including economic, social,
environmental, and others. Fuzzy cognitive modeling allows taking into account uncer-
tainty and fuzziness in the formation of sustainable development goals and identifying
contradictions between them. This allows for the uncertainty of conditions that change
over time and fuzziness in the data to make more flexible decisions when prioritizing goals.
In general, the integration of the methods makes it possible to take into account various
factors that affect the development of cities and increases the objectivity of the analysis of
urban development strategies [49–53].

5. Conclusions

The substantiation of the strategy for the development of an urban area is a multi-stage
organizational process that has complex (direct and feedback) links. This process combines
the intellectual activity of specialists from various fields using various models and methods,
as well as modern technology for collecting, transmitting, processing, and coordinating
information. At the same time, the decision-making strategy for the development of urban
areas is associated with a certain risk. The risk arises due to the incomplete amount of
initial information, the lack of a hierarchy in the criteria for importance and insignificance,
a superficial study of the original problem, and a conservative approach of the project
manager based on personal experience.

Cognitive modeling allows a deeper study of the existing problems of the development
of a particular territory, predicting possible errors and analyzing the consequences of
decisions made. The inclusion of scenario modeling using fuzzy cognitive maps in the
decision-making process improves the most responsible and time-consuming stage, which
is associated with the analysis of information and the formulation of the choice problem.
This preliminary analysis provides the basis for selecting the most suitable development
projects for the area.

The necessary indicators characterizing the territory were determined as a result of the
research. Technologies for collecting information for their evaluation have been developed.
The ability to analyze the impact of various factors on economic and social indicators,
taking into account uncertainties and risks, is a feature of the proposed approach. At the
same time, the opportunity to take into account the characteristics of the analyzed territory
becomes possible due to the involvement of not only experts but also ordinary residents in
the assessment and construction of models.

The results of the study can be used to identify the best urban development projects
and to analyze the improvement impacts in urban development management. The devel-
oped models can be applied to other objects if it is possible to collect enough information.
Methods of spatial analysis based on GIS technologies are supposed to be included to
obtain detailed information about natural, environmental, and other factors that must be
taken into account when analyzing options for the development of the territory. Another
direction of development of the proposed approach is to improve the criteria selection
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process and reduce the complexity of the evaluation procedure through the use of methods
based on data analysis.
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