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ABSTRACT

Property market delineation or determination of areas signifying property market consistency
has been a subject of scientific investigation by a variety of researchers from different
perspectives. Some explored it for the purposes of decision-making support systems, others
for, for example, zoning or housing policy. The theory of property valuation also did not
remain indifferent for spatial extraction of homogenous market areas. The following paper
constitutes a several-year study within that area. Following the trace of thought formulated by
John Maxwell that “every step back is a chance to look at your goals from a different
perspective”, the study being based on, amongst others, the method of historic research and
critical analysis, ultimately organizes and complements the author's contribution to the
scientific discussion, and in that scope is one of the substantial issues included in the concept
of spatial management. It contributes to the current state of the art discussion by introducing
the definition of property market tessellation, utilizing it for the purposes of original HAD?
methodology implementation.
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information  from  official property transaction

1. Introduction

Property valuation is a process predicated on multiple
assumptions, among which determination of similarity
is fundamental (Meszek, 2013; Pagourtzi et al., 2003).
In comparison-based approaches, this similarity may
manifest in the selection of real estate transactions
used for valuation, or in identifying the markets from
which these transactions originate (Wyatt, 2022).
Conventionally, this process occurs intuitively, based
on the expertise of a property appraiser. Thus, there is
a pursuit for solutions and tools that can support this
stage of the wvaluation process and provide
standardized procedural patterns. The consistency in
defining similarity aligns with international practice,
which, although it clarifies the concept of "comparable
property,” does not specify how to measure this
similarity (Bogin & Shui, 2020; Cienciata et al., 2023). In
practice,  property appraisers  often  cannot
convincingly justify their assumptions regarding why
certain properties were considered over others in their
valuations. Another issue is the lack of data. For
valuation purposes, databases are created based on

registers, notarial deeds, land registries and open-
source platforms such as Open Street Map or
google.pl/maps. However, it is often challenging to
find appropriate transactions from the same area
(building, street, district) as the property being
appraised, with a date close to the date of valuation.
Consequently, it becomes necessary to extend the
search area to so-called similar markets, which again
complicates the determination of the degree of
similarity.

2. Theoretical framework and research hypothesis
formulation

The process of property market delineation is a
multifaceted challenge, particularly due to the diverse
approaches and variables influencing real estate
transactions (Kindstrom et al, 2023; McCluskey &
Borst, 2017, Usman & Lizam, 2023). Traditional
methods of market analysis often rely heavily, similarly
to comparable sales selection, on subjective expert
judgment, which can lead to inconsistencies in
property valuations (Varol & Catma, 2024; Bogin &
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Shui, 2020; Glennon et al, 2018). The lack of
standardized methodologies ~ for  identifying
comparable market areas complicates the valuation
process, especially in markets characterized by spatial
and economic heterogeneity (IAAO, 2017; RICS, 2021;
TEGOVA, 2020). The literature on the "new regional
science” (Hamelink et al., 2000) emphasizes the
growing importance of regions in shaping economic
outcomes. As Healey observes, “in a world where
integrated place-bounded relationships are pulled out
of their localities, “"disembodied” and refashioned by
multiple forces which mold them in different
directions, the qualities of place seem to become
more, not less, significant” (Healey, 1998).

No matter what kind of aim is taken into account,
the indication of the homogeneous markets
constitutes one of the key problems that have a
significant impact on the accuracy of the achieved
appraisal results (Chen et al.,, 2023; Cellmer et al., 2011;
Manganelli et al., 2014; Morano & Manganelli, 2014;
Rae, 2015; Renigier-Bilozor et al, 2019;
Wu et al., 2012; Wu et al.,, 2020). Incorrect delineation
of elementary zones can have significant implications.
If too few zones are established, resulting in overly
large areas, real properties with distinctly different
market appeal and other characteristics may be
grouped together. This can lead to substantial errors
in appraisal outcomes. Conversely, creating an
excessive number of elementary zones, meaning
zones of relatively small size, may not compromise
accuracy but could unnecessarily extend the appraisal
process and increase costs (Su et al, 2024; Gnat,
2019). Existing research, responding to the ongoing
discussion on  methodological communication
between individual disciplinary matrices (functional
paradigm vs interpretative paradigm) of social
sciences (Mazurek-topacinska & Sobocinska, 2018;
Nadolna, 2012), emphasizes the importance of
integrating advanced spatial analysis methods with
real estate valuation to address these challenges. For
that reason, application of quantitative spatial analysis,
ought to aim at capturing the composition and
configuration of property market activities and on this
basis, support evidence-based comparisons between
different areas and possible correlations with non-
spatial dynamics.

Many researchers concentrate on the potential of
hedonic modeling in market analysis, highlighting the
critical role of identifying similarities among analyzed
entities, whether individual properties or entire
markets. Understanding the random and dynamically

evolving nature of relationships within the real estate
market is crucial. Technological advancements offer
promising opportunities for tackling complex
challenges, encouraging researchers to seek
alternative approaches. For example, Gnat introduces
modified entropy measures for assessing area
homogeneity  based on  specific  property
characteristics and employs the XGBoost algorithm for
mass valuation (Gnat, 2019). Similarly, (Heckman et al.,
2008) investigates non-linear causality using
multivariable fractional polynomials (MFPs) to identify
homogeneous markets. Chen proposed spatial
clustering  conducted using global  spatial
autocorrelation analysis alongside the local spatial
correlation analysis tool, i.e., the Local Indicator of
Spatial Association (LISA), to gain a better
understanding of the spatial homogeneity of average
annual housing prices - AAHP (Chen et al, 2020).
Cellmer and Kuryj utilized spatial interpolation
through kriging methods to prepare land value maps
and estimate the values of individual undeveloped
properties (Cellmer et al, 2011). They applied cluster
analysis, incorporating location criteria, to define the
boundaries of zoning ranges. (Giudice et al, 2017)
explored the relationship between rental prices and
geographic location using genetic algorithms (GA).
(Eremeev et al, 2017) examined the spatial
relationships of objects on the map using two
algorithms: the simplex search algorithm and the hole
search algorithm, aiming to identify homogeneous
land areas. Additionally, (Manganelli et al., 2014) and
(Massimo et al, 2019) applied geographically
weighted regression (GWR) in housing market
analyses to identify homogeneous zones and quantify
the marginal impact of specific locations (defined by
these areas) on property market values.

In real estate, homogeneity refers to areas or sub-
markets characterized by consistent unit features. This
uniformity is essential for performing objective and
precise property analyses. The concept is inherently
tied to the goals of property market analysis for
valuation, as a homogeneous area ensures that
external factors affecting property values remain
uniform across units. This uniformity mitigates
potential inaccuracies that might arise when analyzing
properties in diverse areas. Consequently, various
methodological approaches are employed to achieve
this, including integrated clustering regression
(Alenany et al, 2021), equilibrium models (Watkins,
2001), hedonic models (Watkins, 1999), and principal
component analysis combined with cluster analysis
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(Keskin & Watkins, 2017). Renigier-Bitozor et al.
introduced the concept of indistinguishable objects in
the real estate market, forming the basis for an HO-
MAR algorithm that integrates geoprocessing and
geo-analysis to classify object homogeneity (Renigier-
Bitozor et al, 2022). The development for the
presented algorithm and an attempt to minimize
distortion from spatial interactions and urban
environmental factors was the methodology for
homogenous area determination (HAD). This modified
algorithm focuses on identifying uniform geo-market
areas (Walacik & Janowski, 2024).

Although the above presented literature review is

not intended to be an exhaustive account of all
contributions, it nonetheless offers an overview of the
solutions either proposed or utilized in state of the art
in real estate market classification/delineation, and
even though the proposed HAD methodology has
already been applied in a variety of research, it still, in
the author’s opinion, requires particular amendment
to bring the evidence-based verification of the
methodology derived results to an acceptable level.
For that reason the following hypothesis was
formulated:
HYPOTHESIS 1: Utilizing morphological tessellation in
property market reality via the HAD methodology,
improve the identification of homogenous market areas
and enhance market derived evidence-based
verification.

Verification of the hypothesis enables providing an
answer for the central research question guiding this
study: whether the application of the advanced spatial
techniques will result in a more objective, transparent,
and verifiable process for determining property
market areas, thereby improving the accuracy of
property valuations in diverse and evolving market
conditions. The remaining part of the paper has been
structured as follows:

- Chapter 3 describes the concept of
morphological tessellation and its possibility of
application on the real estate market;

- chapter 4 proceeds with the utilization of the
method in the case study area;

- chapter 5 presents and discusses the findings of
the analysis, some advantages and limitations
of the proposed solution and final conclusions.

3. Morphological tessellation - concept that could
be tailored for property valuation

Morphological tessellation refers to the process of
dividing a space into non-overlapping, adjacent

regions, or "cells," that cover the entire domain, based
on certain criteria such as proximity, density, or other
spatial characteristics. This concept, which has its roots
in spatial partitioning methods, including the well-
known Voronoi tessellation, is a critical tool in
numerous fields such as geography, biology, urban
planning, and physics. Morphological tessellation
enables the analysis of spatial structures and patterns,
providing insights into the interactions and
relationships between elements within a given space
(Okabe et al., 2000).

At its core, morphological tessellation extends the
basic principles of Voronoi diagrams, which partition
space into regions where each point within a region is
closest to a designated "seed" point or generator.
These diagrams have been widely used in various
disciplines to model proximity-based phenomena. The
concept of morphological tessellation enhances this
by considering not only proximity but also other
spatial attributes such as shape, density, and
distribution. This makes it particularly useful for
complex environments where spatial interactions
cannot be adequately captured by simple Euclidean
distance-based tessellation (Sugihara & Inagaki, 1995).

In applications where morphological attributes are
critical, the tessellation process considers the
morphology of the objects themselves.

In geography and urban planning, morphological
tessellation is used to study spatial organization, such
as the distribution of urban infrastructure or the
arrangement of natural features. A key advantage of
morphological tessellation in this context is its ability
to account for the organic growth and development
of cities, where administrative boundaries often fail to
reflect actual spatial interactions. By using tessellation
based on morphological features, planners can
delineate areas that are functionally or spatially
cohesive, helping to optimize resource allocation,
transportation  networks, and urban services
(Fleischmann et al., 2020).

While morphological tessellation has shown great
potential in urban studies and geographic analysis, its
specific application to property valuation remains
underexplored. That justifies an attempt of verifying
its usability via HAD methodology implementation
called HAD? (HAD?2).

Morphological tessellation refines traditional urban
planning  (Pelorosso,  2020;  Pozoukidou &
Chatziyiannaki, 2021) and property valuation by using
spatial homogeneity to delineate market areas,
challenging subjective methods reliant on arbitrary
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boundaries (Wisniewski and Brzezicka, 2021). This
approach aligns with spatial pattern theories,
promoting a data-driven, objective comparison of
properties based on proximity, density, and
configuration (Bruna, 2024; Cellmer et al., 2024). The
implications suggest a shift towards evidence-based
practices in real estate, enhancing valuation accuracy.

3.1 Morphological perception of property markets
by their participants

Whenever noting real estates, regardless of the
perspective (eye view/satellite view/streetview), the
eye of real estate market participants extracts the
existence of fundamental relationships between
properties: the plot pattern (reflected by e.g. fences),
spatial configuration of buildings (Grzelka et al., 2023;

a)

Ying et al, 2022; Zhen et al, 2020) or land use
geometry likewise in decomposing urban fabric (Araldi
& Fusco, 2017). For that reason, as underlined by
Fleischmann et al., this “intuitive relationship makes
Voronoi tessellation-based approaches sensible in
spatial  analysis”  (Fleischmann et al, 2020)
unfortunately, this is not the case when property
valuation - legal based consideration are concerned.

It seems indisputable that the line separating a
homogeneous market area that intersects a similar
property that is one of the elements of the analysis
(Fig. 1a) or the building in which the residential flats
are located (Fig. 1b) may leave many doubts as to
whether the results of the analysis are correct and
properly imitate the behavior of market participants.

Fig 1. Examples of methodological pitfalls questioning proper imitation of market participants morphological perception: lack of plot area
consistency (a), lack of building feature uniformity (b). Source: own study.

From that standpoint and conclusions drawn from
the author's previous studies within the scientific
problem of real estate market delineation, the
research indicated the need of defining a structured
pattern or procedure tailored for the purpose of
property valuation. The aforementioned consideration
justifies the attempt of verifying modified
morphometric tessellation for the purposes of
property valuation. From this perspective, the
established solution, was called property market
tessellation (PMT) for the purposes of semantic
clarification and defined as an objectively and
universally applicable method that derives a spatial
unit named property marketmetric-cell (PMMC) from
widely available data on the property footprint and
tests its informational value in capturing property-scale
spatial patterns of the property market.

The procedural conceptualization for the purpose
of PMT utilization within the original HAD?

methodology implementation was presented in Fig 2.
The following chapters describe utilization of HAD?
methodology.

4. HAD? methodology utilization

The initial stage of HAD? methodology utilization
included the selection of input data within a HAD
methodology extracted spatially consistent unit for
the purposes of property footprint derivation.

4.1 Property footprint derivation

The property footprint derivation required case study
area selection.

4.1.1 Case study area

The initial stage of PMT required property footprint
derivation within a locationally consistent area
determined with HAD methodology. For that reason,
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the administrative boundaries of a particular
municipality were selected - the Raleigh City, North

INITIAL STAGE
Property footprint derivation

1 Sebection on INPUIT DATA within HAD methadology extracted spatially
conslstant unit (BUILDING/PLOT and ROAD NETWORK geomstry)

PROCESSING STAGE
Property marketmetric-cell
generation

Mmmmummmdm
impmm data (buildingaiplots - road networks - sagmant/
node from centralines) with the uss of Proparty umem{mn

Carolina, USA - Fig. 3.

CONTEXTUALIZATION STAGE

Property market pattern extraction

Classification of CONTEXTUAL attribute - property transaction prices: within
tha property markstmstric-cells derved from PRINCIPLE atiributes -
variables describing proparties

REASONIN STAGE
Property market tendency
aggregation 4

Analysis of contextualized property price clusters {distributionidegree
ariation/inequality) with the usa of (G, GV, Gini index, CPV, Slnpun'sh!h:

Fig. 2. Procedural conceptualization of HAD? methodology implementation. Source: own study.

ENVIRONMENTAL CONDITIONS
LAYER NAME: waterways, water
OBJECT CLASSES: stream, drain, reservoir,
riverbank, water, wetland

COMMUNICATION
LAYER NAME: transport, rallways, traffic, roads

OBJECT CLASSES: bus stops, parking, footway,
rallway station, taxi {...)

FACILITIES/SERVICES

LAYER NAME: Buildings, points of interest
OBJECT CLASSES: office, university,
hospital, museum, cinema, bar (...)

Fig. 3. Selected locationally consistent area (Raleigh City, North Carolina, USA) and the OSM derived factors that
were used to extract spatial consistency. Source: own study.

The justification for the selection of Raleigh City
resulted both from its' particular attributes (e.g.
geographical  diversity,  population  dynamics,
economic viability, representative urban fabric) and
the unique opportunity provided by the author's
academic affiliation and participation in an internship
at the University of North Carolina. This affiliation
granted the author access to vital local data,
administrative support, and substantial collaborative
opportunities, greatly enriching the research. Raleigh
was chosen not merely for its geographic and
economic attributes but also due to the logistical
practicality and the local government's cooperative
stance, particularly evident in interactions with the
Wake County Government Tax Office, facilitating a
thorough examination of the proposed methodology.
The level of spatial consistency was measured with the
variables presented in Fig. 4 and was decreased by

73% in the selected area, in reference to the whole
area of Raleigh City.

4.1.2 Data acquisition and database creation

The delineation of a spatially consistent case study
area indicated the scope of data originated from
public registers for real estate transactions which,
according to the database structural assumptions, was
based on the (qualitative/quantitative) encoding of
variables. Having reached locational consistency and
property transactions, georeferencing exclusion of
variables describing location (e.g. street type) had to
be adopted. The lack of differentiation in the "heating"
attribute and gaps in data provision in the floor
finish/interior finish attribute also resulted in variable
exclusion. In the study, the principles of a naive
variable inclusion approach were adopted, where all
variables were treated quantitatively without
considering their qualitative context or real-world
implications.
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Fig. 5. Property footprint indication INPUT DATA - OSM derived
building shape (brown polygons). Source: own study.

This approach was chosen to maintain consistency
across the dataset and ensure that the analysis
remained purely data-driven, without introducing
subjective adjustments. Additionally, in order to obtain
temporal consistency, the transaction prices were
updated with the use of time adjustment index
determined with linear regression analysis. According
to the analysis, the property prices within the analyzed
timeframe (5.2021-12.2022) were rising 22.3% per
year'.

! The empirical value of the t-Student statistic (empirical) is 7.498,
which is greater than the theoretical value of the t-Student statistic
(theoretical, alpha, n-2) at 1.444. The probability of accepting the
occurrence of a false trend resulting from a random arrangement of
data is approximately 0% and is lower than the assumed
significance level of 0.15. This means that at the assumed
significance level of 0.15, the statistical significance of a trend can
be affirmed. The relative dimension of the trend (%)/year is
approximately 22.3% and can be described as slightly increasing.

19.05.2022 15.03.2023 23.06.2023

>

i : : ok ) ) T 2 Vs )

topee # §

Fig. 6. Property footprint indication INPUT DATA - OSM derived
road network (red lines). Source: own study.

Having acquired both locational and temporal
consistency, a particular spatial element had to be
selected for the purpose of property marketmetric-cell
generation. Even though public registers in the case
study area include data describing a property plot,
which are most preferable elements from the
perspective of evidence-based results comparison, the
author decided to use residential building shape
(Fig. 5). The methodological universal applicability was
the reason for that. Regardless of the scope of data
given in diverse property registers in different
countries, the building shape can always be acquired
from open street map sources. The second
indispensable  spatial element necessary for

The confidence interval for the calculated trend, at the assumed
significance level of 0.15, is approximately +4.3%. This means that,
with a probability of 0.85, the actual value of the trend ranges from
18%/year to 26.6%/year
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marketmetric-cell generation — a road network - was
acquired from OSM (Fig.6).

4.2. Property marketmetric-cell generation

Derivation of spatial units named PMMC from widely
available data on a property footprint was executed
with the use of following open-source Pythos toolkits:
momepy (Fleischmann, 2019), PySAL (Rey & Anselin,
2010), Geopandas (Jordahl et al., 2019) and, amongst
others, QGIS software. The unitization was executed

according to the following five steps, described in
detail by Fleischman (Fleischmann et al., 2020) :

1. Inward offset from property footprint,

2. Discretization of polygon’'s boundaries into

points,

3. Generation of Voronoi cells,

4. Dissolution of Voronoi cells,

5. Clip of preliminary tessellation.

The generated marketmetric-cells were presented
in Fig. 7.

Fig. 7. Property marketmetric-cells generated in the case study
area.” Source: own study.

What the author wanted to highlight in reference
to the imitation of market participants morphological
perception, and methodological pitfalls of HAD
methodology within that scope (Fig. 1), is that
property marketmetric-cells perform much higher
comparability to particular properties (Fig. 8) with
complete elimination of lack of building features
uniformity. The indicated adequacy is crucial from the
perspective of evidence-based verification of
methodology results, so important in case of
transparency and equity principle. Generation of
property marketmetric-cells enabled property market
pattern extraction.

4.3. Property market pattern extraction

Property market pattern extraction was based on
property describing contextual (dependent) variable —
comparable property transaction prices, that is
determined by principle (independent) property
characters, with spatial reference to generated
property marketmetric-cells. Property transaction
prices are a fundamental metric in real estate market

Fig. 8. Property Examples of methodological adequacy of market
participants’ morphological perception imitation. Source: own study.

analysis, providing a direct reflection of market
dynamics and valuations. They represent the actual
amounts agreed upon by buyers and sellers,
encapsulating a variety of economic factors including
supply and demand dynamics, consumer confidence,
and purchasing power. Therefore, using transaction
prices as a basis for extracting market patterns
ensures that the analysis is grounded in real-world
financial exchanges, rather than hypothetical or
estimated values.

Market-based patterns of primary property
characteristics were presented in Fig. 9, while property
contextual ones in Fig. 10. Following rules by (Sokal,
1963) to minimize potential collinearity and limit
redundancy of information, while retaining the
universality of the method, contextualization of the
property market pattern was performed with the Jenks
natural breaks classification, which is a data clustering
method used in statistical analysis to determine the
best arrangement of values into different classes. This
method seeks to minimize the variance within classes
and maximize the variance between classes. Based on
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the number of property transactions, the assumed
number of clusters equaled 3. Property market pattern
extraction  enables  property market pattern

aggregation - the last stage of the proposed HAD
methodology improvement.

Fig. 9. Property primary characteristics market-based pattern
(4 groups). Source: own study.

4.4 Property market tendency aggregation

Property market tendency aggregation based on a set
of selected statistical measures was applied to
evaluate individual property price clusters, enabling a
comprehensive analysis of price distribution, their
degree of variation, and inequality. The measures used
— Interquartile Mean (IQM), Coefficient of Variation
(CV), Gini Index, CPV (Coefficient of Price Variation),
and Simpson'’s Index — were chosen due to their ability
to identify key features of the transaction price
distribution, allowing for a deeper understanding of
the data structure within each cluster.

The Interquartile Mean (IQM) was employed as a
measure of central tendency, due to its resistance to
outliers, which are often present in property price
datasets. Unlike the arithmetic mean, which is sensitive
to extreme values, IQM considers only the middle 50%
of observations, defined by the range between the
first quartile (Q1) and the third quartile (Q3). This
approach provides a more representative picture of
the average price level within a given cluster,
particularly when there is significant price variability.

IQM — Zi Xj fOI‘Xi E[Ql,Q3] (,I)
n[Q1,Q3]

where Q1 and Q3 are the first and third quartiles,

respectively; npqiqs - number of observations

between Q1 and Q3.

Fig.10. Property contextual characteristics market-based pattern (3
groups in each 4 property primary characteristics market-based
patterns). Source: own study.

The Coefficient of Variation (CV) and its variant
CPV (specific to property price analysis) allow for
assessing the level of price variability relative to the
mean. Expressed as a percentage, CV enables the
comparison of data dispersion between clusters,
regardless of the absolute price level. A high CV or
CPV value indicates significant price dispersion.

cV = (g) -100% @)

where o is the standard deviation and X is the
arithmetic mean of prices in the cluster.

The Simpson'’s Index (SDI) was introduced to assess
the diversity of the price distribution, enabling the
estimation of the probability that two randomly
selected properties will belong to different price
intervals.

R nj(nj-1
SDI=1-— % 3)
where R - number of price ranges; number of
properties in the i-th interval; N - total number of
properties. Implementation of all the HAD? procedural
steps provided the following results being the subject
of further discussion.

4.5 Property market tendency verification

The determination of all the aforementioned measures
allowed a multidimensional evaluation of price
structures within individual clusters. The results were
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presented in the Table 1. The Interquartile Mean (IQM)
provided insight into the central tendency of prices
while eliminating the influence of outliers. The
Coefficient of Variation (CV) enabled the assessment
of price variation relative to the mean, while Simpson'’s
Index evaluated price diversity. Their complementary
use allowed for a more comprehensive understanding
of the dynamics and structure of property prices in the
examined clusters, which is of significant importance
in real estate market analyses.

Market-based pattern O: The highest probability of
occurrence is presented by Price Cluster 2, which

www.remv-journal.com NN

includes as many as 30 observations, representing the
dominant majority of the available data. A high SDI
and low CV indicate its stability and homogeneity
relative to the other clusters. Price Cluster 1 represents
the segment of properties with lower price values. A
high CV indicates significant price variability within
this group. Price Cluster 3 represents luxury properties
with the highest average values. Its lower SDI and
moderate variability suggest that this segment is less
cohesive and occurs less frequently in the analyzed
area.

Table 1

Property market aggregation measures

Market-based pattern O Market-based pattern 1 Market-based pattern 2 Market-based pattern 3

Price Cluster 1

QM 930 667 616 067 502 880 478 176

(@Y 21.00% 23.28% 16.26% 20.55%

SDI 0.917 0.966 0.965 0.953
Price Cluster 2

QM 1518 179 1096 000 754 778 718 800

Ccv 12.88% 23.60% 13.18% 12.62%

SDI 0.962 0.889 0.960 0.966
Price Cluster 3

IQM 2 848 750 /* 1525 667 1375 000

(@Y 15.34% 18.39% 11.71% 9.59%

SDI 0.875 0.500 0.800 0.667

/* Interquartile Mean (IQM): No data (due to an insufficient number of values in the interquartile range)

Source: own study.

Market-based pattern 1: Price Cluster 1 s
characterized by the highest probability of occurrence
in the analyzed area and the lowest average prices.
The high coefficient of variation suggests greater price
variability. Price Cluster 2, despite its moderate price
level, shows a lower probability of occurrence and the
greatest price variability. This may indicate limited
availability of properties with mid-range price values
in the given area. Price Cluster 3 represents a segment
of properties characterized by the lowest probability
of occurrence and relatively stable prices. The high
value of properties in this group and their low
frequency suggests a limited market.

Market-based pattern 2: Price Cluster 1 has the
highest probability of occurrence in this area because
it includes the largest number of properties,
characterized by relatively low-price variability and
high cohesiveness. Price Cluster 2 is also a significant
price cluster, featuring moderate prices and fairly
stable values. Price Cluster 3, although encompassing
higher property prices, has a smaller concentration of
data, which may suggest a lower probability of
occurrence for properties in this cluster within the
analyzed area.

Market-based pattern 3: The real estate market in
the studied area is characterized by the predominance
of lower-value properties (Cluster 1), which may be
related to local demand and the availability of
affordable properties. The stability and homogeneity
of clusters increase with price (Cluster 3). High prices
may indicate premium properties with a uniform
standard. Price variability is the highest in Cluster 1
and decreases as prices increase, suggesting that
higher price segments are more predictable.

The analysis indicates that lower and mid-price
segments are more susceptible to price fluctuations,
which may create both risks and opportunities for
investors. In contrast, the high stability and
predictability of luxury property prices suggest that
this segment may be preferred by investors seeking
safe and stable assets. The price structure of real
estate in the analyzed area shows a hierarchy of
stability and cohesiveness, which increases with
property values. The results of the analysis provide a
basis for further research into the factors influencing
differences in real estate price structures and their
variability in the context of local market and socio-
economic conditions.
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5. Conclusions

The following research composes a study crowning
several years of scientific work, initiated in 2018 with a
study originally devoted to the considerable
procedural problems of property forced sale value
determination, which pointed out a substantial gap in
property valuation theory connected with “the
methodology for determining comparable real estate
markets and an accurate selection of sales” (Renigier-
Bitozor et al, 2018). The study, setting the objective
and direction for further research, additionally
indicated the need of in-depth investigation of
relationships  between uncommon phenomena
occurence on real estate market and the
corresponding transaction prices. For that reason,
subsequent studies progressively explored various
dimensions of real estate market analysis, employing
advanced methodologies aiming at subjectivity and
uncertainty decrease. The research conducted in 2019
introduced an original methodology of utilizing
geoscientific methods integrated with fuzzy logic to
address the subjective elements of property market
analysis. This approach aimed to create a more
objective and precise valuation model by
incorporating  spatial  decision  factors  and
geoprocessing activities, thus facilitating better
decision-making processes in real estate investments
(Renigier-Bilozor et al, 2019). Building on this
foundation, a 2020 study emphasized the importance
of sustainability and highest and best use (HBU)
analysis in determining property value, especially
under varying market conditions. This study
underlined the critical role of aligning property
valuation practices with sustainable development
goals, thereby addressing both the economic and
environmental aspects of property use (Walacik et al.,
2020). Further research in 2022 and 2024 addressed
modern challenges in the real estate market,
particularly focusing on the human aspect of valuation
and the evolving expectations of property market
participants and real estate market asymmetry. The
studies highlighted the dynamic nature of real estate
markets and the need for adaptive valuation methods
that consider not only traditional economic factors but
also socio-behavioral aspects (Renigier-Bitozor et al.,
2022), with ‘“reference to the methodological
transparency and possibility of the results substantial
verification” (Walacik, 2024). The culmination of these
studies is the present research, which synthesize these
diverse approaches and provide a comprehensive
framework for property valuation substantive and
methodological support that accounts for the

complexities and nuances of modern real estate
markets. The study integrates geoscientific methods,
sustainability considerations, and socio-behavioral
factors into a consistent methodology for property
market analysis, addressing the multidimensional
challenges identified throughout the six-year research
journey, and aims to answer the question of whether
the aim of homogenous area methodology provision
has been achieved by providing a fully operational
and replicable solution.

To increase the theoretical foundation of
morphological tessellation in further studies, it is
valuable to integrate perspectives from urban
sociology, economics, and environmental studies.
Urban sociology can interpret the mutual influences
between social structures and spatial configurations,
enriching the comprehension of how tessellation
mirrors community organization and social dynamics.
From an economic standpoint, theories pertaining to
land use and property valuation can shed light on the
financial consequences of spatial patterns, thus
providing a framework for appraising economic
efficiency and market behaviors in tessellated areas.
Environmental studies contribute insights into various
consequences of urban planning, stressing the
importance  of sustainable development and
conservation measures. Collectively, these
interdisciplinary perspectives significantly fortify the
theoretical framework, thereby enhancing the extent
and practical relevance of morphological tessellation
in diverse urban contexts. Considering the above
future research could also explore morphological
tessellation in contexts characterized by rapid urban
expansion, gentrification, or significant socio-
economic disparities. These settings present unique
challenges where tessellation could offer novel
insights into spatial equity, economic viability, and
environmental sustainability.

Despite  rigorous methodologies and the
innovative use of spatial analysis tools, the study is not
without potential sources of error or bias. One source
of bias may stem from the initial selection and
classification of spatially consistent areas, which
inherently involves judgments about what constitutes
homogeneity in locational characteristics. The reliance
on the spatial utilization of a Voronoi tessellation -
based solution introduces another layer of complexity
and potential bias. These models depend heavily on
the underlying assumptions about spatial relationships
and data distribution, which may not accurately reflect
the non-spatial dynamics of the real estate market.
Furthermore, the data collection process, primarily
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reliant on public registers and open-source platforms,
could suffer from incompleteness or inaccuracies in
reported transactions. Such limitations in data quality
and availability could skew the analysis, leading to
under or overestimation of property values in certain
areas. Acknowledging these potential biases is crucial
for interpreting the results. For this reason, it is crucial
that the substantive verification of the obtained results
(both partial and final) is carried out by real estate
market specialists - property valuers who have
specialist market knowledge, or in the case of using
the methodology in automatic valuation, it is carried
out in accordance with the principle of AVM
Assistance.
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