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ARTICLE INFO ABSTRACT 
Keywords: In the case of small or underdeveloped local real estate markets, the number of transactions is 

often insufficient to support the real estate valuation process. Therefore, it is necessary to 
expand the scope of market analysis. Since the level of socio-economic development influences 
the structure of the real estate market, it is assumed that this can serve as a basis for identifying 
similar real estate markets. In this article, similar real estate markets were grouped using a 
numerical taxonomy method, namely the Czekanowski diagram. The diagnostic features were 
quantitative in nature and represented categories such as housing and municipal services, 
population, housing construction, the real estate market, spatial planning, public finance, the 
labor market, and real estate prices. As a result of the analyses, 26 small towns located in 
northeastern Poland were classified into typological groups that are more homogeneous in 
terms of their diagnostic features and thus provide a comparable framework for the functioning 
of local real estate markets. 
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1. Introduction 

Polish regulations governing real estate valuation refer 
to socio-economic comparability as a factor influencing 
real estate prices, which is important for real estate 
market analysis and for identifying transaction prices 
for comparable properties in order to determine a 
property’s market value. 

The Regulation of the Minister of Development and 
Technology of 5 September 2023 on real estate 
valuation stipulates that the determination of a 
property’s value must be preceded by an analysis of the 
real estate market -specifically with regard to 
transaction prices, rental rates, and transaction terms - 
as well as an on-site inspection of the property. When 
determining the value of real estate which, due to its 
specific characteristics and type, is not traded on the 
local real estate market, or in the absence of rental rates 
on that market, as well as when the number of 
transactions involving similar real estate or their rental 
rates is insufficient, transaction prices or rental rates 

obtained for similar real estate on the regional or 
national real estate market may be used, where 
appropriate. Under the Act of 21 August 1997 on Real 
Estate Management, a comparable property is defined 
as a property that is comparable to the property being 
appraised in terms of location, legal status, intended 
use, manner of use, and other characteristics affecting 
its value. 

In accordance with the above regulation, the 
relevant real estate market is defined - taking into 
account the subject matter, scope, purpose, valuation 
method, and data availability - by specifying its type, 
area, and the period under review. The delineation of 
the market area under analysis is based on the similarity 
of properties. It should be noted that McCluskey (1996) 
proposed a different approach, arguing that real estate 
markets should first be compared, after which the most 
similar properties should be identified within those 
markets. 

The area of the real estate market under analysis 
should reflect the socio-economic similarities that 
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influence real estate prices. This area does not 
necessarily have to correspond to administrative 
boundaries. These socio-economic similarities can be 
used to identify comparable real estate markets. 

A similar position is reflected in the case law of 
administrative courts, from which it can be concluded 
that, in certain situations where it is not possible to 
identify comparable properties on the local market, the 
scope of the search may be extended to the regional, 
national, or even international level (Kiedrzynek 2023). 
An example is the position adopted by the Provincial 
Administrative Court in Warsaw in its judgment of 2 
December 2010 (IV SA/Wa 1221/10). That case 
concerned, in particular, the inclusion of real estate 
transactions from the local market or from areas 
located within a short distance of the property being 
appraised for comparison purposes. The court 
emphasized, inter alia, that the appraisal report should 
indicate the circumstances that justified the expansion 
of the relevant market based on the location of the 
property being appraised. Another example is the 
judgment of the Provincial Administrative Court in Łódź 
of 19 July 2011 (II SA/Łd 583/11). This case concerned 
the inclusion, for comparison purposes, of properties 
with different uses but located in the same area as the 
property being appraised. The court emphasized that a 
necessary condition for recognizing a property as 
comparable and accepting its value as reliable is the 
existence of a relationship based on similarity rather 
than identity. Accordingly, it is permissible to use 
transactions from different markets. In the judgment of 
the Supreme Administrative Court of 12 July 2022 (case 
no. I OSK 1267/19), it was noted that two key 
characteristics of comparability are the intended use 
and the manner of use of the real property. However, 
according to the court, no provision of law—in 
particular Article 4(16) of the Real Estate Management 
Act, which defines a comparable property - requires 
that a comparable property be a plot of land with the 
same area and located in the same locality as the 
property being appraised. 

This issue is of particular significance, especially in 
the context of small or underdeveloped real estate 
markets and the need to expand the scope of market 
analysis. This applies to situations in which, due to their 
specific characteristics and type, properties are not 
traded on the local real estate market, or where the 
number of transactions involving similar properties is 
insufficient. In such cases, identifying a sufficiently large 
set of comparable properties is difficult, if not 
impossible (Domańska et al. 2020). A market that does 

not allow for the collection of sufficient information is 
sometimes referred to as an underdeveloped market 
(Gnat 2021). Hence, the need to search for analogous 
markets. In Polish literature, terms such as neighboring 
markets (Cellmer & Kuryj, 2007), similar markets (Bełej 
& Cellmer, 2007), and parallel markets (Foryś & Batóg, 
2017) are used. 

Identifying similar markets requires determining the 
groups into which the real estate market as a whole can 
be divided. The selection of quantitative variables 
characterizing the markets under analysis involves 
identifying which comparative characteristics of real 
estate markets should be taken into account. In other 
words, this involves determining which attributes 
influence the assessment that the identified markets 
are similar. This is one of the key issues in the process 
of comparing real estate markets, although it is 
constrained by data availability. Markets can be 
considered similar if they are characterized by 
comparable locations and surroundings, common 
price-determining factors, similar price levels and 
dynamics, and comparable transaction conditions. 

The aim of this manuscript is to demonstrate that 
taxonomic methods -used to describe and classify 
complex socio-economic phenomena expressed 
through a set of diagnostic variables -can be applied to 
identify similar real estate markets. The selected 
taxonomic method is the Czekanowski diagram. The 
analyses were conducted for small towns in 
northeastern Poland, where, due to their size, local 
markets are relatively limited. 

1.1. Factors influencing the real estate market 

A properly conducted real estate market analysis 
requires a broad range of information on the social, 
economic, and legal conditions that shape the real 
estate market environment and the conditions under 
which transactions are concluded. The literature on the 
subject identifies a number of factors that influence the 
real estate market. These are most often grouped into 
legal, social, and economic factors (Gołąbeska, 2024; 
Manganelli 2014). Factors shaping real estate prices 
(and thus the real estate market) can be divided into 
exogenous (external) factors—such as economic, legal, 
technological, and social factors—and endogenous 
(internal) factors of both a static and a dynamic nature 
(Hermann, 2005). These factors interact with one 
another and with the real estate market in complex 
ways.  

The group of legal factors comprises elements 
related to policy and law. These include legal 
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regulations concerning the broadly defined 
construction and real estate markets, tax regulations, 
housing policy, land-use planning policy, and 
administrative procedures. Actions taken by authorities 
at both the national and local levels may stimulate 
processes within the broadly defined real estate market 
or discourage investment, thereby influencing supply 
(Berry & McGreal, 2003). The state’s housing policy, 
which determines the quantity and prices of the 
housing stock (Andrews et al., 2011; An et al., 2026), as 
well as land-use planning laws (Ratcliffe et al., 2021; 
Dudek & Nowel-Śmigaj, 2025), have a particularly 
significant impact on the real estate market. It is also 
worth noting that legal frameworks, real estate taxes, 
income taxes, liability protection, and rules governing 
foreign ownership vary significantly across countries 
(Gotham, 2006). 

Technological and technical factors include modern 
solutions used in the construction industry, ranging 
from the design phase, through project 
implementation, to as-built documentation and the 
operation of facilities (Bac, 2014). They also encompass 
modern technological solutions related to real estate 
market services, such as artificial intelligence (AI), the 
Internet of Things (IoT), augmented reality (AR), virtual 
reality (VR), big data, cloud computing, decision 
automation, and machine learning. The 
implementation of modern technologies in the real 
estate market is an inevitable consequence of the 
fourth technological revolution (Bartkowiak et al., 
2023).Many modern technologies, referred to as 
PropTech, are being implemented in the real estate 
market as part of broader technological innovations in 
the sector. Within this framework, the following areas 
of real estate research can be distinguished (after 
Bartkowiak et al., 2023): (1) construction technology 
(Baum, 2017; Annual Report…, 2017); (2) the direct 
implementation of the investment process and 
operational activities, including development activities 
(Maududy & Gamal, 2019b); (3) trading and 
management, including management, sales, and 
marketing (Baum, 2017; Maududy & Gamal, 2019a); 
and (4) indirect or financial real estate investment 
(Shaw, 2020). 

Another group of factors consists of economic 
conditions. These can be analyzed at both the national 
and local levels and may also relate to the financial 
environment. It is generally accepted that the overall 
state of the economy and the level of economic activity 
have a significant impact on the generation of demand 
and, consequently, on prices. Key indicators in this 
regard include GDP and the unemployment rate (Leung 

2004; Bouchouicha & Ftiti, 2012; Grum & Govekar, 
2016; Kalabiska & Hlavacek 2022; Okunevičiūtė 
Neverauskienė et al., 2025). Strong economic growth 
translates into higher employment levels, which in turn 
lead to increased consumer spending, including in the 
real estate market. Additionally, GDP growth has a 
positive and lasting impact on mortgage lending 
(Filotto et al., 2018; Dogan & Topuz, 2020). A low 
unemployment rate influences household income and, 
consequently, demand. At the same time, in the long 
term, an increase (decrease) in real estate prices leads 
to a decrease (increase) in unemployment rates (Dogan 
& Topuz, 2020), which is associated with employment 
in the construction sector (Geerolf & Grjebine, 2014).  

Another significant factor is interest rates, which 
determine the cost of mortgages and have a substantial 
impact on real estate prices (Bjørnland & Jacobsen, 
2010; Arslan, 2014). High interest rates limit borrowing 
capacity and dampen demand, thereby exerting 
downward pressure on real estate prices. Conversely, 
lower interest rates stimulate demand by reducing the 
cost of mortgages, potentially driving up real estate 
prices due to increased competition among buyers. 
Inflation also has a significant effect on the real estate 
market, as real estate often serves as a hedge against 
inflation (Anari & Kolari, 2002). However, high inflation 
may adversely affect the construction sector and is 
closely linked to interest rates (Qabaja & Tenekeci, 
2024). Demographic and demand-side factors, 
including population growth, net migration, divorce 
rates, unemployment levels, and wage growth, 
constitute key determinants of prices (Hlaváček & 
Komárek, 2011). According to other studies, on the 
supply side, factors influencing prices include 
construction activity and the housing stock, and to a 
lesser extent, the number of transactions in the real 
estate market. On the demand side, the size of the real 
estate market, as measured by the number of 
households, the age structure of the population, and 
regional infrastructure, has been identified as a primary 
determinant of real estate prices (Belke & Keil, 2018). 

The final group comprises social factors such as 
population size and age structure, educational 
attainment, and migration. The demographic situation 
has a significant impact on the structure and 
development of the real estate market (Tymiński et al., 
2024; Breidenbach et al., 2024; Cheung, 2024). 
Accordingly, demographic trends play a key role in 
shaping real estate needs. Rising property values affect 
birth rates, in particular leading to a decline in births 
among non-homeowners (Dettling & Kearney, 2014). 
At the same time, high levels of education, good health, 
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and high incomes increase household demand for 
residential real estate, even as households age and the 
population declines (Eichholtz & Lindenthal, 2014; 
Green & Lee, 2016). Demand for housing may also 
increase in areas experiencing significant population 
growth. 

The selected factors discussed above shape the 
dynamics of supply and demand, which constitute a key 
indicator of the state of the real estate market. The 
balance between supply and demand is of fundamental 
importance for price stability. Consequently, identifying 
comparable markets requires a comprehensive analysis 
of these interrelated factors that shape the real estate 
market and influence investment opportunities. 

1.2. Taxonomy in object grouping 

Taxonomy based on the use of quantitative methods is 
referred to as numerical taxonomy, a scientific 
discipline concerned with the principles and 
procedures of ordering and classification based on 
quantitative data. Methods for grouping data in the 
study of spatial variation have a long history and are 
applied across many scientific fields. This is due to the 
fact that most spatial phenomena are not 
homogeneous but exhibit a certain spatial structure. As 
the study of spatial structure has developed 
independently in various branches of science and for 
different purposes, a wide variety of methods has 
emerged. However, in order to visualize the spatial 
structure of phenomena, it is first necessary to classify 
them; this is where taxonomy plays a fundamental role. 

In general terms, taxonomy may be defined as the 
science of classification principles, dealing with 
procedures for organizing and grouping objects 
described within a multidimensional observational 
space (Kowerski, 2017). The purpose of classification is 
to identify groups of units that are similar to one 
another with respect to one or more features 
simultaneously (Gaczek et al., 1980), that is, to assign a 
given object to a specific class characterized by defined 
attributes. The task of classification methods is to divide 
a set of elements into statistically more homogeneous 
subsets that satisfy the conditions of disjointness, 
completeness, and non-emptiness, according to a 
specified criterion based on the features of the 
classified objects (Grabiński et al., 1989; Kaufman & 
Rousseeuw, 1990). The outcome of classification is the 
identification of typological groups that are more 
homogeneous in terms of the diagnostic features 
describing them. 

By applying numerical taxonomy methods, local real 
estate markets can be classified through the 
identification of typological groups of similar markets. 
Quantitative diagnostic features should reflect the 
factors shaping the real estate market. 
2. Material and methods  

2.1. Czekanowski diagram 

To identify similar real estate markets, the Czekanowski 
diagram was used, which is a method for the graphical 
representation of a similarity (distance) matrix between 
objects. The Czekanowski diagram is one of the oldest 
taxonomic methods, developed by the Polish 
anthropologist Jan Czekanowski for the analysis of the 
structure of series of human remains (Sołtysiak & 
Jaskólski, 1999; Jaskólski & Sołtysiak, 2004). 
Czekanowski was the author of pioneering taxonomic 
methods, including the concept of the square distance 
matrix, known for many years as the Czekanowski table 
(Bielicki et al., 1987).  

In the analyses conducted, the basis for classifying 
and identifying clusters of objects was the distance 
matrix D, which represents the distances between pairs 
of objects assigned to the i-th column and the j-th row 
in the normalized data matrix X’ (Murtagh & Contreras, 
2011). According to the adopted definition of distance, 
object A is closer to object B than to object C (i.e., more 
similar to object B than to object C) if the distance 
between objects A and B is smaller than the distance 
between objects A and C (Kolenda, 2006).  

The Euclidean distance was used as a measure of the 
distance between elements (Sołtysiak & Jaskólski, 1999; 
Prus & Król, 2017) and was calculated based on the 
known attributes (diagnostic features) of all the 
analyzed objects (towns). The calculations were 
performed using the following formula: 

𝑑𝑑𝑖𝑖𝑖𝑖 =  �∑  �𝑥𝑥𝑖𝑖𝑖𝑖′ −  𝑥𝑥𝑘𝑘𝑘𝑘′ �
2𝑚𝑚

𝑗𝑗=1  (1) 

where: 
di,k – the metric distance between the i-th and k-th 
objects, 
xi,j’, xk,j’ – the values in the i-th and k-th rows of the 
normalized data matrix X’ (i.e., the values assigned to 
the i-th and k-th objects). 

A Czekanowski diagram is a graphical 
representation of the distance matrix. The results are 
interpreted based on the similarity matrix, according to 
the principle that the smaller the values, the greater the 
similarity between objects. Individual rows and columns 
correspond to the spatial units being compared. The 
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size of the graphical symbol in the diagram indicates 
the degree of similarity between the spatial units (i.e., 
at the intersection of the row and column 
corresponding to the towns being compared). The 
most similar units are located closest to the main 
diagonal, while the degree of similarity decreases as the 
distance from the diagonal increases. 

The Czekanowski diagram was generated using 
MaCzek 2.0 software, version 3.3.44 (freeware), 
developed by A. Sołtysiak and P. Jaskulski. This data 
organization program employs, among other methods, 
the Simply Auto algorithm and the Simple Genetic 
Algorithm. The primary objective of these algorithms is 
to rearrange the rows and columns of the distance 
matrix so that the most similar objects are positioned 
as close to one another as possible, i.e., along the main 
diagonal of the matrix. In practice, this involves 
minimizing the dispersion of similar objects within the 
matrix. 

The application of these algorithms results in a well-
structured Czekanowski diagram that reveals compact 
clusters of similar objects, referred to as subgroups 
(local clusters). Compared to the genetic algorithm, the 
Simply Auto algorithm operates more quickly and 
produces more localized and detailed groupings; 
however, it is less effective in terms of global 
optimization of the layout. In contrast, the Simple 
Genetic Algorithm is more resistant to local minima and 
ensures a higher quality of global organization. As a 

result, more compact and homogeneous clusters are 
formed, leading to a reduction in the number of 
identified groups (i.e., fewer clusters than in the case of 
the simply auto algorithm). 

2.1. Variable selection 

The application of numerical taxonomy methods 
requires the establishment of a set of diagnostic 
features. The sample set of features used in the analysis 
comprises three groups of factors: legal, economic, and 
social. The selection of features was determined by the 
availability of statistical data provided by the Central 
Statistical Office. The study utilized a set of quantitative 
variables obtained from the Local Data Bank of the 
Central Statistical Office (2024) and the adresowo.pl 
portal, which provides median apartment prices (2024), 
for two provinces - Podlaskie and Warmińsko-
Mazurskie. These provinces are located in northeastern 
Poland, are adjacent to one another, and are 
characterized by a similar level of socio-economic 
development and environmental conditions. The basic 
spatial units were urban municipalities and towns 
within urban–rural municipalities, in accordance with 
the Nomenclature of Territorial Units for Statistical 
Purposes (NTS 5(1) and NTS 5(4)). This group includes 
towns with similar population sizes (from 10,000 to 
35,000 inhabitants). The analysis covered 26 towns, the 
spatial distribution of which is presented in Figure 1.

 

 
Fig. 1. The geographical location of selected towns in the Podlaskie and Warmińsko-Mazurskie voivodship. Source: own study. 
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The set of diagnostic characteristics primarily 
includes factors reflecting the state of the real estate 
market, in particular those related to the stock of 
municipal residential properties, land management for 
residential construction, the housing construction 
sector, and the market sale of residential units. 
Demographic characteristics were adopted as social 
factors in the analysis, as they have a significant impact 
on the structure and development of the real estate 
market. These include, in particular, total population 
and its age structure, natural population change, 

international migration, and the number of households. 
The level of satisfaction of housing needs was also 
taken into account in quantitative terms. The group of 
economic factors was represented by the 
unemployment rate, wage levels, and GDP per capita. 
Data relating to spatial policy, as reflected in local 
zoning plans and administrative decisions concerning 
building permits, were adopted as legal factors. The 
dataset included the diagnostic features presented in 
Table 1 for the Warmińsko-Mazurskie Voivodeship and 
the Podlaskie Voivodeship.

 
Table 1 

Initial set of diagnostic features 
No Field Variable name 
X1 Housing and 

public utilities 
Number and amounts of housing allowances paid to tenants per 1,000 people [units] 

X2 Land held by municipalities for residential development [ha] 
X3 Land transferred/sold to developers for residential construction [ha] 
X4 Total housing stock [units] 
X5 Average living area per apartment [m2] 
X6 Average number of persons per household [persons] 
X7 Number of apartments per 1,000 residents [units] 
X8 Population Total population [persons] 
X9 Working-age population [persons] 
X10 Population density [persons/km2] 
X11 Net internal migration [persons] 
X12 Residential 

construction 
Housing units completed per 1,000 people [units] 

X13 Building permits and construction notifications – residential buildings / per 1,000 inhabitants 
[units] 

X14 New residential buildings per 1,000 inhabitants [units] 
X15 Real estate market Median price per square meter of an apartment [PLN/m²] 

X16 Land use planning Share of land area by type of development in the total area covered by current local zoning 
plans - total residential development [ha] 

X17 Zoning decisions regarding single-family residential development [number] 
X18 Zoning decisions regarding multi-family residential development [number] 
X19 Public finance Per capita income [PLN] 
X20 Labor market Registered unemployed persons [persons] 
X21 Employment in the industrial sector per 1,000 people [persons] 
X22 Economic entities per 1,000 inhabitants [units] 

Source: own study. 
 

From the set of proposed variables, those that met 
the most important formal criteria from the perspective 
of the analysis were selected. The key formal and 
statistical criteria included relatively high spatial and 
spatiotemporal variability, as well as the absence of 
excessive correlation among the variables. As a result 
of the analyses conducted, the following variables were 
excluded from further consideration: land held by 

municipalities for residential construction, housing 
units per 1,000 inhabitants, and the working-age 
population, due to their high correlation with the 
remaining variables. The final observation matrix had 
dimensions of 26 (number of towns) by 19 (number of 
variables characterizing the towns). The set of 
diagnostic features included in the analysis is presented 
in Table 2. 

 
Table 2 

Set of diagnostic features included in the analysis 
No Field Variable name 
X1 Housing and 

public utilities 
Number and amounts of housing allowances paid to tenants per 1,000 people [units] 

X2 Land transferred/sold to developers for residential construction [ha] 
X3 Total housing stock [units] 
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X4 Average living area per apartment [m2] 
X5 Average number of persons per household [persons] 
X6 Number of apartments per 1,000 residents [units] 
X7 Population Total population [persons] 
X8 Population density [persons/km2] 
X9 Net internal migration [persons] 
X10 

 
Residential 
construction 

Building permits and construction notifications – residential buildings / per 1,000 inhabitants 
[units] 

X11 New residential buildings per 1,000 inhabitants [units] 
X12 Real estate market Median price per square meter of an apartment [PLN/m²] 

X13 Land use planning Share of land area by type of development in the total area covered by current local zoning 
plans-total residential development [ha] 

X14 Zoning decisions regarding single-family residential development [number] 
X15 Zoning decisions regarding multi-family residential development [number] 
X16 Public finance Per capita income [PLN] 
X17 Labor market Registered unemployed persons [persons] 
X18 Employment in the industrial sector per 1,000 people [persons] 
X19 Economic entities per 1,000 inhabitants [units] 

Source: own study. 
 

According to Czekanowski’s method, variables 
describing objects must be of the same type; otherwise, 
they must be standardized. Standardization was 
performed using the standard deviation according the 
formula: 

𝑧𝑧 = 𝑥𝑥−𝜇𝜇
𝛿𝛿

 (2) 

where: 
x – unstandardized variable, 
μ – population average, 
δ – population standard deviation 
 The input dataset prepared in this manner served as 
the basis for grouping similar objects in accordance 
with the principles of Czekanowski’s method. 

3. Results 

Using MaCzek 2.0 software (version 3.3.44) and based 
on standardized diagnostic feature values, an 
unordered and subsequently an ordered similarity 
matrix were developed. The Czekanowski diagram is a 
graphical representation of the Euclidean distance 
matrix between each pair of units (the towns under 
study), based on the features describing them. The 
intensity of similarity is illustrated by the size of the dots 
- the larger the dot, the smaller the distance (i.e., the 
greater the similarity) between two units, whereas the 
absence of a dot indicates very low or no similarity. The 
names of the analyzed towns are listed in the “Name” 
column.  

3.1. Czekanowski unordered diagram 

Figure 2 presents the unordered Czekanowski diagram 
for the towns analyzed. The results are arranged 
alphabetically, which results in a lack of clear structure 

within the diagram, as well as disorder and difficulty in 
interpreting the results, particularly in identifying 
clusters. In this form, the diagram has limited 
interpretative value and constitutes only a preliminary 
stage of analysis. It allows solely for a direct reading of 
the degree of similarity between two analyzed local real 
estate markets (towns), represented by the graphical 
symbol at the intersection of a given row and column. 

The unordered Czekanowski diagram provides 
comprehensive information on the similarities between 
objects but does not clearly reveal the underlying data 
structure. It therefore serves as a starting point for 
further analysis, as it requires transformation (ordering) 
to enable the identification of homogeneous groups. 

3.2. Czekanowski ordered diagram 

In the next step, the diagram was organized using two 
algorithms. This process involves rearranging the rows 
and columns so that the elements most similar to one 
another are positioned along the main diagonal. This 
enables the identification of groups of similar objects. 
The identification of such groups is based on a visual 
inspection of the distance matrix. 

Figure 3 presents a Czekanowski ordered diagram 
generated using the Simply Auto algorithm. The most 
prominent features are clusters of high-intensity points 
(large, dark dots) concentrated along the diagonal, 
which indicate groups of towns exhibiting a high 
degree of similarity. Within the diagram, several 
clusters of similar towns can be distinguished, and thus 
clusters of similar local real estate markets can be 
identified. Figure 4 presents the geographic location of 
the identified relevant real estate markets.
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Fig. 2. Czekanowski unordered diagram. Source: own study. 

 

 
Fig. 3. Czekanowski's ordered diagram – ordering using the simply auto algorithm. Source: own study. 

 
The two largest clusters of similar real estate 

markets consist of groups of five towns. They are 
characterized by a very high degree of internal 
similarity, which indicates the existence of similar local 
real estate markets shaped by comparable socio-
economic factors. 

The first group comprises Lidzbark Warmiński, 
Olecko, Morąg, Sokółka, and Pasłęk, towns (marked 
with a brown border) while the second group includes 
Morąg, Sokółka, Pasłęk, Pisz, Węgorzewo, and Gołdap 

towns (marked with a orange border). The towns of 
Morąg, Sokółka, and Pasłęk are common to both 
groups. They exhibit connections to two different 
clusters, which may indicate their intermediate nature - 
they share characteristics with multiple groups but do 
not clearly belong to any single one. The towns in the 
first group are characterized by similar population 
levels, housing stock, average living space per dwelling, 
per capita income, and employment in the industrial 
sector. The observed similarities among the real estate 
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markets are therefore primarily influenced by 
demographic factors, housing conditions, and public 
finances. Towns assigned to the second group are 
characterized by similar living space per dwelling, the 
number of economic entities per 1,000 residents, and 
the median price per square meter of residential 
property.  

The remaining clusters consist of three elements 
(marked with an blue, green, and purple border). These 
clusters are also characterized by a high degree of 

similarity, although they are smaller and more compact. 
Three such groups of towns can be identified: the first 
comprises Zambrów, Grajewo, and Braniewo; the 
second includes Braniewo, Mrągowo, and Lidzbark 
Warmiński; and the third consists of Bartoszyce, 
Kętrzyn, and Giżycko. The first group exhibits the 
greatest similarity in terms of per capita income, the 
second in terms of population density, and the third in 
terms of net migration and per capita income.

 

 
Fig. 4. The geographic location of the identified similar real estate markets – ordering using the simply auto algorithm.  

Source: own study. 
 

Figure 5 presents a Czekanowski diagram generated 
using a simple genetic algorithm. The largest clusters 
of points (large, dark dots) are concentrated in the 
lower-right part of the matrix, indicating the presence 
of a highly homogeneous group of towns. Compared 
to the previous ordering variant, the cluster structure is 
more compact and consists of a smaller number of 
distinct clusters; consequently, significantly fewer 
groups of similar elements have been identified. Figure 
6 presents the geographic location of the identified 
relevant real estate markets. 

Within the diagram, a four-element cluster (marked 
with a brown border) and a three-element cluster 
(marked with an orange border) can be distinguished. 
The group of four similar towns comprises Sokółka, 
Nowe Miasto Lubawskie, Olecko, and Pasłęk, which are 
characterized by very similar price levels. In turn, the 
towns of Olecko, Pasłęk, and Węgorzewo form a group 

with very similar price levels and average living space 
per apartment. Most towns form a broad, continuous 
area of moderate similarity (numerous large and 
medium-sized points), suggesting a lack of strong 
segmentation into multiple distinct groups. This 
indicates that the local markets under study are largely 
similar, differing more in degree than in the nature of 
their characteristics. 

It is also worth noting the towns of Bielsk Podlaski, 
Lubawa, and Wasilków, which exhibit a negligible 
degree of similarity to other localities. These towns can 
be regarded as outliers that differ significantly from the 
remaining units. Both the Simply Auto algorithm and 
the Simple Genetic Algorithm yield consistent results in 
this respect. These towns clearly stand out from the 
group under study in terms of the analyzed features, 
exhibiting little or no similarity (i.e., a negligible number 
of connections -very few or no points in the 
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corresponding rows and columns). This indicates their 
structural distinctiveness, both in relation to the main 
cluster and among themselves. Their specific 
characteristics may also contribute to the distinct 
nature of the local real estate markets they represent. 
Such outliers may reflect particular models of local real 

estate market development, with socio-economic 
structures and market characteristics that differ 
significantly from those of the other analyzed towns. 
Figure 6 presents the geographic location of the 
identified relevant real estate markets.

 
Fig. 5. Czekanowski ordered diagram – ordering using the simply genetic algorithm. Source: own study. 

 

 
Fig. 6. The geographic location of the identified similar real estate markets – ordering using the simply auto algorithm.  

Source: own study. 
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4. Discussion 

Grouping local markets makes it possible to expand the 
scope of the analysis to include markets that are as 
similar as possible. This is particularly important in 
limited markets with very few transactions, where it is 
not possible to conduct a proper valuation process in 
accordance with established standards and 
methodologies. It also hinders a reliable analysis of real 
estate price trends and the factors influencing them. In 
such cases, expanding the scope of the real estate 
market appears to be the only viable solution. The 
issues related to the identification of similar real estate 
markets are particularly relevant in the context of small 
and very small towns. Accordingly, the starting point for 
the analyses conducted was a set of small towns, 
defined by population size and characterized by similar 
locations (border regions in northeastern Poland), 
which results in similarities in terms of the level of 
socio-economic development.  

The analysis, conducted using an ordered 
Czekanowski diagram based on a Euclidean distance 
matrix for standardized diagnostic features, enabled 
the identification of similarity structures among the 
towns under study and, consequently, the identification 
of groups of local real estate markets with similar 
characteristics. The initial, unordered diagram exhibited 
limited readability due to the alphabetical arrangement 
of the data, which made it difficult to identify clusters. 
Only the application of ordering procedures made it 
possible to clearly distinguish clusters of towns similar 
in terms of the analyzed socio-economic 
characteristics. Thus, the ordered Czekanowski diagram 
enabled the identification and classification of similar 
local real estate markets, which may serve as a basis for 
further comparative and decision-making analyses. 

Although a comparison of the two clustering 
methods (i.e., the simply auto algorithm and the simple 
genetic algorithm) reveals differences in the structure 
of similarities among the analyzed units, the overall 
consistency of the results is preserved. The first method 
is more analytical in nature, offering greater detail, 
while the second is more aggregative, reducing the 
number of distinct clusters and providing a higher level 
of generalization. Both methods lead to convergent 
conclusions regarding the existence of similarities 
between local real estate markets and the identification 
of outliers that do not exhibit significant similarity 
either to other units or to one another. This reflects 
their specific socio-economic conditions and the 
distinct nature of the local markets they represent. The 

differences between the classification methods 
primarily concern the level of aggregation. The first 
approach is more suitable for detailed analyses (e.g., 
market segmentation), whereas the second is better 
suited for strategic and synthetic overviews. 
Consequently, the two approaches may be regarded as 
complementary rather than mutually exclusive. In 
summary, regardless of the classification method 
applied, the results obtained are consistent and 
indicate clear differentiation among the local markets 
studied, while simultaneously revealing groups of 
towns characterized by a high degree of structural 
similarity. 

5. Conclusions 

The numerical taxonomy method applied, which is 
based on clustering units, has a wide range of 
applications, including the identification of similar real 
estate markets. The conducted research demonstrates 
that it is possible to identify similarities between local 
real estate markets (towns) and classify them based on 
a set of universal characteristics that shape these 
markets. The Czekanowski diagram enables the 
identification of groups of markets that are similar to 
one another based on multiple features simultaneously. 
The adopted set of diagnostic features is illustrative and 
may be modified depending on the specific 
requirements (type of market analyzed, size of the 
spatial unit, and data availability). 

The results confirm that the use of taxonomic 
methods - in this case, the Czekanowski diagram is 
appropriate for achieving the intended objective. The 
identified groups of similar local real estate markets 
facilitate a more effective valuation process, particularly 
in the case of highly constrained markets. Although the 
study was conducted in small Polish towns, the 
methodology is universal and allows for a flexible 
selection of diagnostic features tailored to specific 
needs. Identifying even very small groups of similar 
localities - and thus, as intended, real estate markets 
(comprising two or three elements, or even a single pair 
of similar markets) - enables the expansion of the 
search area for comparable real estate transactions, 
which constitute the basis for determining market 
value. The larger the group of similar local real estate 
markets, the greater the likelihood of identifying an 
appropriate set of comparable properties (i.e., 
properties that have been the subject of transactions) 
for the property being appraised. This, in turn, allows 
for a more reliable analysis of the real estate market. 
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In light of the above, numerical taxonomy can be 
effectively applied to identify similar real estate markets 
based on specified diagnostic features representing 
selected factors that characterize the real estate market 
and influence property prices. This is consistent with 
the view expressed by Kahr and Thomsett (2005), who 
emphasize that economic, demographic, and local 
factors affecting real estate values should be analyzed 
jointly. 

It should also be noted that analyzing similarities 
between real estate markets entails the risk of 
capturing random phenomena and incidental 
circumstances. Moreover, the characteristics that define 
similar markets are not necessarily stable; they may 
change over time or be influenced by random variation.   
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