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ABSTRACT

The aim of this paper is a quantitative and spatial analysis of the attributes determining local
housing markets in the Warmian-Masurian voivodeship in Poland. The study assumed 21
counties treated as local housing markets and environmental, social, economic, and
infrastructural data concerning the analyzed counties. The source of data was the Central
Statistical Office. The research carried out, using principal component analysis (PCA) and the
development of a synthetic indicator, made it possible to identify groups of counties with
similar socio-economic characteristics (clusters). This refers to the valuer using data from
specific counties when there is a lack of information in the local market being analyzed. The
research results showed significant differences between urban and rural districts in the
Warmian-Masurian Voivodeship in Poland. The data presented provide knowledge which will
help to shape the region's spatial policy and infrastructure planning.

Betej, M. & Gwiazdzinska-Goraj, M. (2025). Quantitative and spatial aspects of the real estate
markets in the Warmian-Masurian Voivodeship, Poland. Real Estate Management and
Valuation, 33(4), 1-14. https://doi.org/10.2478/remav-2025-0031

1. Introduction

The housing market (of all categories of real estate
markets) is the closest to society, as everyone needs to
provide a roof over their head, i.e. to fulfill a basic
human need. In this sense, housing is not a technical
element but an essential socio-economic element of
humanity. Firstly, housing contributes to a sense of
stability and security (Ball, 2017) and, as a result, affects
the functioning of the family community or individuals.
On the other hand, housing (like other expensive
goods) plays a key role in positioning people in the
hierarchical structure of society (Lindstrom, 1997),
through which social relations and spatial clustering of
similar social groups are formed.

The housing market is the cornerstone of any
country's economy, as it influences the construction
sector, the financial sector or the sector of goods
needed to renovate homes (Antczak - Stepniak et al.,
2021; Doling et al., 2013; Muellbauer & Murphy, 2008).
Classical definitions of the housing market generally
focus on buying and selling a dwelling from the
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perspective of classical economics (Hannonen, 2014,
Hincks & Baker, 2012). It seems, however, that this
market should be looked at much more broadly, not
only through the transaction process itself (the specific
commodity) but through social, economic, political,
historical, cultural or environmental conditions. From
this perspective, the housing market (housing system)
can be understood as a mutual relationship of private
and public actors involved in the process of planning,
construction and consumption of housing resources,
together with a set of rules established by institutions
sustainably regulating the above relations (Lis, 2012). A
broad view of the housing market is represented by
several authors, e.g., in the field of economics (Adams
& Fiss, 2010; Anselin & Bera, 1998; Ball, 2017),
demography (Vignoli et al., 2013), government policy
(Leung, 2004), the labor market (Lewandowska-
Gwarda, 2018), society (Betej, 2022; Butler, 2022) or
ecology (Zambrano-Monserrate & Ruano, 2019).
Housing market analysis is generally defined as the
process of examining the current dynamics of housing
prices in terms of demand or supply, generally in a
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specific local market. Therefore, an important element
of this analysis is understanding the factors
determining the substitution of housing prices or rental
rates. At the same time, the dynamics of housing prices
and the forecast of these dynamics are analyzed. Within
the framework of the housing market analysis, many
procedures are used (Basu & Thibodeau, 1998; Belke &
Keil, 2018a; Bieda, 2017; Cellmer et al., 2021; Kisiata &
Racka, 2021; Racka et al,, 2017; Renigier-Bitozor et al.,
2022; Tomal, 2019; Trojanek et al,, 2018) i.e.:

— identification of market trends

— identification of demand and supply levels,

— identification of business environment factors,

— identification of investment risk levels,

— identification of the demographic and socio-

economic structure of housing buyers,

— analysis of business cycles,

— analysis of the location and neighborhood of the

flat,

— analysis of construction costs and their impact

on housing prices,

— analysis of housing prices in local and regional

terms,

— analysis of developer market activity,

— analysis of housing investment.

Analysis of the housing market is not only an
analysis of the market for a specific commodity
(housing); it is also a kind of analysis of the quality
(economic-technical-environmental) of life of a
community in a specific region of the country. This is
because the price of a dwelling reveals important
characteristics of the environment, i.e., the political and
economic importance of the region, the level of
unemployment in the region, road infrastructure,
demographics, migration, ecological areas or GDP per
capita, among others. As a result, the analysis of the
housing market does not necessarily focus only on the
analysis of housing prices (Batog et al.,, 2019; Belke &
Keil, 2018b; Berg, 2002; Pichler et al., 2021) but also
focuses on analyzing regional aspects, as these are
what determine the price of housing in a particular
region (Betej et al,, 2016; Broitman & Koomen, 2015;
Renigier-Bitozor et al., 2017; Vatansever et al., 2020).

This way of thinking is not alien to the property
valuation profession in Poland. Although its primary
purpose is to determine the property's value, it must be
preceded by an analysis of the property market,
considering particular property prices, property rental
rates, the terms of the transaction and a visual
inspection of the property. In the provisions of Polish
law (Regulation of the Minister of Development and
Technology of 5 September 2023 on the valuation of

real estate) concerning the valuation of real estate, the
following statements can be found:

— in determining the value of properties which,
owing to their unique characteristics and nature,
are not traded on the local real estate market, or
where no rents are available on that market, or
where the number of transactions or rents for
similar properties is insufficient, transaction
prices or rents obtained for similar properties on
the regional or national real estate market may
be used as appropriate

— the area of the property market analyzed should
reflect the socio-economic similarity influencing
the level of property prices.

Both formulations point to issues of regional or
national markets and the socio-economic similarity of
these areas. At the same time, the Interpretative Note
"Application of the comparative approach in property
valuation" of the Polish Federation of Valuers'
Associations indicates that the assessment of the
impact of market characteristics on the differentiation
of housing prices can be determined based on
relationships occurring in similar local markets in terms
of type and area.

This raises the question that the valuer should
determine in his work: which housing markets are
similar, and can the area of housing market analysis be
extended to them? This should not be done based on
the subjective opinions of a housing market expert but
on objective analyses of the socio-economic
characteristics of the regions. Such an assumption is the
basis of the research concept of this scientific work.

Generally speaking, the study presented in this
article aims to analyze the similarity of housing markets
(within counties) to determine property values with the
limitations of local market data. The study adopted 21
counties in the Warmian-Masurian Voivodeship in
Poland for analysis and environmental, social,
economic, and infrastructure data for the counties
under analysis. The decision on whether a given county
belongs to a specific group (cluster) of similar units
should be based on several different attributes of the
counties and not only on the housing price in them. The
similarity of regions (counties), treated as local housing
markets was analyzed using statistical methods and
spatial visualization. R software was used in the study,
along with the available packages of this software
(Kassambara & Mundt, 2020; Maechler et al, 1999;
Wickham, 2016; Wickham & Bryan, 2023).
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2. Material and methods
2.1. Study Area and Data Description

The research was carried out in 21 districts (including

NN

two wurban districts) of the Warmian-Masurian
voivodeship in Poland. Figure 1 locates this voivodeship
within the country (Fig. 1a) and shows the borders of
the studied districts. (Fig. 1 b).
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Fig. 1. Warmian-Masurian voivodship: a) location of the voivodship within Poland, b) location of poviats in the voivodship. Source: own study.

The Warmian-Masurian Voivodeship is located in
northeastern Poland on the border with Kénigsberg
Oblast. The province covers an area of 24,173 square
kilometers, is inhabited by 1,357,000 people, and has
an average population density of 56 persons/km?. The
urbanization rate, meanwhile, is at 58.9% (GUS, 2025).
The demographic structure of the voivodeship was
decisively influenced by mass migration movements
after World War Il, making it largely populated by
incomers. At present, the low birth rate (-4.48%) and
low migration balance (-0.04%) result in a highly
dynamic population ageing process. Thus, in 2023, the
ageing index for this voivodeship was recorded at the
same level as for the country, i.e. 133 (GUS, 2025).

The labor market and its economic structure have a
significant impact on the attractiveness of living in the
voivodship. The Warmian-Masurian voivodeship is
characterized by a low level of social and economic
development in comparison to the country. The
process of transformation of socialized agriculture,
which involved the liquidation of State Agricultural
Farms, resulted in high unemployment among the
voivodship's residents. In 2025, the unemployment rate
stands at 8.3% and is still significantly unfavorable in
comparison to the national figure of 5.1% (GUS, 2025).
This condition is also influenced by the possibility of
obtaining a job. In the Warmian-Masurian voivodship,
the ratio of newly created jobs to lost jobs was 1.1, and
in the country 1.7 (GUS, 2025). One of the main factors
in job creation is the development of
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entrepreneurships, which is characterized by a low level
in the voivodship under study (the number of national
economy entities per 10,000 inhabitants of working age
is 1845.2, compared to a national average of 2342.5
(GUS, 2025).

Demand for labor and the financial condition of
enterprises translates into the size of remuneration. In
the Warmia and Mazury region in 2023, it was below
the average gross monthly salary in the country (PLN 7
595) and amounted to PLN 6 447 (GUS, 2025). The
voivodship is characterized by a low level of
industrialization (mainly food as well as wood and
furniture industries). It can be concluded that it is
primarily an agricultural region. Agricultural land
accounts for more than half of the voivodeship (54.3%
- 2021) and is dominated by arable land (66.3%) and
permanent grassland: meadows and pastures (28.8% -
2021). In comparison with the country, Warmian-
Masurian Voivodeship is distinguished by a favorable
farm size structure (average area of agricultural land in
a farm in 2020. - 23.25 ha) (GUS, 2025). High natural
values, including large forest complexes (the share of
forests in the total area in 2023 - 32.6%), numerous
lakes (more than 3,000 lakes, including Poland's largest
lake - éniardwy) and rich fauna and flora, have caused
tourism to play an increasingly important role in the
economic development of the voivodeship. Legally
protected areas in the total area of the voivodship in
2023 constituted as much as 46.8% of (GUS, 2025).
Almost the entire voivodship (with the exception of the
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Kisielice municipality) has been classified as one of the
Green Lungs of Poland functional areas, which include
naturally unique areas situated in the north-eastern
part of Poland. Warmian-Masurian voivodeship low
transport accessibility is due to, among other things: a
poorly developed road and rail transport system. The
density of hard-surfaced roads per 100 km2 of the
voivodeship's area in 2023 was 60.9 km, with the
national average at 101.9 km and the density of
railways at 4.5 km as compared to 6.8 km for the
country. The most important transport connections of
the voivodeship on the north-south axis include
national road No. S7 and the E65 railway trunk line, and
on the east-west axis: a sequence of national roads No.
5 and 16. The dispersion of the settlement network in
the Warmian-Masurian Voivodeship undoubtedly does
not have a favorable effect on the development of
technical infrastructure (density: water supply network
- 75.9 km/km2; sewerage network - 33.0 km/km2) (GUS,

2025).

To examine the relationship between interest in
purchasing a dwelling and the importance of the
attractiveness of the location of that dwelling (a given
county), a series of data was collected from the Central
Statistical Office (web portal www.stat.gov.pl - accessed
25.02.2025). To assess the interest in purchasing a
dwelling - the indicator X1 - Average price per 1 m? of
dwellings sold in market transactions (Table 1) was
adopted. This indicator refers to data from the primary
market. Then, from the remaining nine indicators, five
indicators were selected to determine the
attractiveness of residence through housing stock (X3),
infrastructure availability (X5) and labor market (X2, X4,
X6), with three indicators determining the intangible
attractiveness of residence, ie. (demographic
conditions (X7, X8, X9) and environmental conditions
(X10).

Table 1

A summary of the considerations for choosing the lag level in the VAR model

Name

Name - abbreviation

X1 Average price per m? of dwellings sold in market transactions

pricelm

Material conditions

X2 entities by size class per 10,000 inhabitants of working age

buisness_entities

X3 number of completed dwellings per 1 000 inhabitants

housing

X4 unemployment rate

unemployment

X5 water supply network per 100 km?

water_network

X6 average gross monthly salaries

salary

Non-material conditions

X7 urbanization rate [%] urbanisation
X8 population per 1km? population
X9 total migration balance per 1,000 population migration

X10  share of legally protected areas in the total area

ecological_areas

Source: own study.

R software was then used to select a number of
characteristics most relevant to the price of 1 m? of
housing in each county (R Core Team, 2021), and
package vip (Variable Importance Plots) (Greenwell &
Boehmke, 2020). It is a tool for calculating and
visualizing the variables' validity in various statistical
models. The VIP model uses various supervised
learning algorithms, including gradient-boosted
decision trees (GBM), the feature importance ranking
measure (FIRM) method or the permutation method for
random forest (RF). The methodology of the described
research methods can be found in several studies
(Archer & Kimes, 2008; Inglis et al., 2022). The results of
the analysis of the importance of the selected
characteristics of the districts in regards to price of 1

m2of housing are presented in Fig. 2.

The Variable Importance Plots (Fig.2) result in a
visualization of the importance of individual
characteristics, with the length of the bars representing
the importance of each characteristic to the price of
housing in the districts. The analysis shows the highest
importance of features: "buisness_entities",
"urbanization" and "water_network", which prove to be
extremely important in predicting the phenomenon
under study. Interestingly, characteristics related to the
population's monthly earnings or unemployment level
were less important than others. This may be due to the
low unemployment and average salary increase
between 2020 and 2025. Finally, six characteristics were
selected for further research, without “migration”,

REAL ESTATE MANAGEMENT AND VALUATION - vol. 33, no. 4, 2025

elSSN: 2300-5289 | © 2025 The Author(s) | Article under the CC BY license



REMYV

REAL ESTATE MANAGEMENT AND VALUATION

Journal homepage:
www.remv-journal.com NN

“salary” and “unemployment”.

buisness_entities
urbanisation
water_network
housing

ecological_areas

population
migraﬁon -
t B
salary .
LY

unemployment

o.
* %

50 75
Importance

Fig. 2. Level of importance of the data used in the Variable Importance Plots (vip) package in R software. Source: own study.

2.2. Methods

The first stage of the research used the vip (Variable
Importance Plots) package in R to assess the data's
validity, i.e., to determine which variables in the
predictive model have the most significant impact on
the outcome. The method uses various computational
algorithms, i.e. Classification and Regression Trees
(CART), Random Forest (RF), Gradient Boosting
Machines (GBM), Linear Regression (LM), Support
Vector Machines (SVM), Shapley Additive Explanations
(SHAP) or naive Bayes classifiers (Greenwell &
Boehmke, 2020). This method allows for the effective
classification of levels of importance in a predictive
model of individual features of the model, while at the
same time, the results can be visualized in the form of,
for example, bar plots, dot plots, sparklines, partial
dependence plots or individual conditional
expectation. The vip model in R helps in the decision to
select specific variables for further modeling. It allows
the selected choice of a given set of variables to be
optimised in order to improve the performance of the
underlying research mode. In the next step, a particular
variant of factor analysis, Principal Components
Analysis (PCA), was applied. This method is a technique
for dimensionality reduction that transforms data into
a new coordinate system with uncorrelated principal
components. It transforms the existing data into a new
coordinate system in which the principal components
are linear combinations of the original variables and are
uncorrelated. The principal components are then

REAL ESTATE MANAGEMENT AND VALUATION - vol. 33, no. 4, 2025

ordered according to decreasing variance. This is

calculated by calculating the covariance matrix, finding

its eigenvectors and eigenvalues and sorting them by

decreasing eigenvalue (Groth et al, 2013; Korfiatis,

2007). PCA PCA basic steps (Lee & Jemain, 2021; Palma

& Pierdominici-Sottile, 2023):

— data standardization, where each variable has a
mean equal to 0 and a standard deviation equal to
1,

— calculation of the covariance matrix, where for
dataset X with n observations and p variables, the
formula is used:

C= ﬁXTX 1)

— calculation of the eigenvalues and eigenvectors of
the covariance matrix by solving the equation:

Cv=av 2

where o are the eigenvalues and v are the

corresponding vectors.

— sorting eigenvectors,

— data transformation, where the original data is
projected onto the principal components, which can
be written with the formula:

Z=XW 3)

where W is the matrix having the selected eigenvectors
in the columns and Z is the transformed data.

Principal Components Analysis generally identifies a
smaller set of principal components that reflect the
most significant variability in the original data. In effect,
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it identifies (mainly 2 or 3) principal component
variables so that visualization of the results can be
carried out to identify similarities and differences
between the analyzed data (Groth et al.,, 2013; Jolliffe &
Cadima, 2016; P6ge & Reinecke, 2021).

3. Results
3.1. Basic research - data study

The research was carried out in the Warmian-Masurian
Voivodship for 21 poviats based on data from the

Varmia and Masuria Voivodeship Poviats - “buisness_entities”

25
rédio: GIS Support GUS

Central Statistical Office (GUS) for data values in 2023.
More on the adopted six attributes describing the
specificity of poviats can be found in Chapter 2.1. To
better describe the collected six attributes (important
for the development of local housing markets),
cartograms were prepared to show the diversity of the
values of the studied attributes at the level of poviats.
First, the spatial distribution in the counties of the
"business_entities" feature (Fig. 3a) and "housing"
feature (Fig. 3b) is presented.

Varmia and Masuria Voivodeship Poviats - “housing”

réaio: GIS Support, GUS

b)

Fig. 3. Cartogram of the values of the characteristics describing the poviats in Warmian-Masurian Voivodship in Poland: a) business_entities, b)
housing. Source: own study.

The attribute "business_entities”, i.e. business
entities by size class per 10,000 inhabitants of working
age (Fig. 3a), is an important factor influencing a given
location's  attractiveness. In Warmian-Masurian
Voivodship, this indicator ranges from 2644.8 (the city
of Olsztyn) to 1392 (Dziatdowski poviat). Analyzing the
spatial distribution of this indicator, it was noted that
the highest values were obtained by the poviats
constituting the main labor markets (Olsztyn and
Elblag) and those connected with the development of
tourism, such as Mragowski and Gizycki. At the same
time, these poviats are distinguished from other poviats
in the voivodeship by high spatial accessibility
(voivodeship road), which is not without significance.
The "housing" characteristic, i.e. the number of
dwellings completed per 1,000 inhabitants (Fig. 3b),
shows that the highest transactional interest was
recorded in the Olsztyn Poviat, which exceeded the
figures even for the cities of Olsztyn and Elblag. The
reasons for this can be seen in the allocation of land for
housing adjacent to the city of Olsztyn, an important
labor market. The lowest figures were recorded for the
poviats in the northern part of the voivodship, i.e.
Bartoszycki, Braniewo and Ketrzyn. A common feature
distinguishing these three poviats is their unfavorable
location at the state border and, at the same time, the

external border of the European Union. In the past,
these  poviats were characterized by high
unemployment rate of 14.5-17% in the voivodeship.
Consequently, this condition may lead to a lack of
financial opportunities and, thus, a need to purchase
new housing.

The spatial distribution of the "urbanization” feature
(Fig. 4a) and the “population']” feature (Fig. 4b) within
the counties is presented next.

The feature “urbanization”, i.e. the percentage
urbanization index (Fig. 4a), illustrates the relationship
between the wurban population and the total
population. In Warmian-Masurian voivodeship, its
highest values were recorded for the capital city of
Olsztyn, the urban poviat of Elblag and the rural poviat
of Etk, where the third important center of balancing
development in the voivodeship is located. As a result,
the lowest figures were recorded for the rural poviats
of Olsztyn and Elblag, where the largest cities of
Warmia and Mazury are located. The feature
“population”, i.e. population per 1 km? (Fig. 46),
generally confirms that the Warmian-Masurian
Voivodeship, in comparison to the country, is
characterized by the lowest population density, which
is at the level of 56.2 persons/km? Obviously, the
highest values were recorded for urban poviats. In
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contrast, the lowest values were recorded for poviats
located in the northern part, which are simultaneously
characterized by poor communication accessibility.

Warmian-Masurian Veivedeship Poviats- “urbanisation”
54.4°N
54.2°N
54.0°N
53.8°N
53.6°N

53.4°N

19.0°E 19.5°E  20.0°E 205°E 21.0°E 215°E 22.0°E 225°E

Zrddto: GIS Support, GUS

a)

, 54.0°N

NN

Finally, the spatial distribution in the districts of the
“water-network"  feature (Fig. 4a) and the
"ecological_areas" feature is presented (Fig. 4b).

Warmian-Masurian Voivodeship Poviats - “housing”
54.4°N

54.2°N

53.8°N
53.6°N
53.4°N

53.2°N

19.0°E  195°E 20.0°E 205°E 21.0°E 21.5°E 22.0°E 225°E

Zrddro: GIS Support, GUS

b)

Fig. 4. Cartogram of the values of the characteristics describing the powiats in Warmian-Masurian Voivodship in Poland: a) urbanisation, b)
population. Source: own study.

Warmian-Masurian Voivodeship Poviats - “water_network”
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a)

‘Warmian-Masurian Voivodeship Poviats - “ecological_areas”
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53.8°N
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53.4°N

53.2°N

19.0°E  19.5°E  20.0°E  205°E 21.0°E 21.5°E 22.0°E 22.5°E

Zrédio: GIS Support, GUS

b)

Fig. 5. Cartogram of the values of the characteristics describing the poviats in Warmian-Masurian Voivodship in Poland: a) water_network, b)
ecological areas. Source: own study.

The attribute “"water-network”, i.e. the density of the
water-supply network (Fig. 5a), is closely linked to the
settlement network of Warmian-Masurian voivodeship,
which is characterized by high dispersion. Thus, once
again, the highest values were recorded for the urban
poviats of Olsztyn and Elblag. The feature
"ecological_areas", i.e. the share of legally protected
areas in the total area (Fig. 5b), indicates high natural
values in Warminsko-Mazurskie, where the share of
legally protected areas in the total area is as high as
46.8%. High values were recorded for counties in the
Mazurian Lake District, especially in its eastern part, for
which this indicator was above 60%. Poviats with the
lowest share of legally protected areas in the total area
(below 30%) are concentrated in the northern part of
the voivodeship, which is associated with the

REAL ESTATE MANAGEMENT AND VALUATION - vol. 33, no. 4, 2025

development of agriculture.
3.2. Principal Components Analysis

In the first stage of the research, 21 counties in the
Warmian-Masurian Voivodeship were subjected to
exploratory data analysis in order to group them. The
research used Principal Components Analysis (PCA) to
identify groups of similar counties (creating a hierarchy
of clusters) and to show these clusters graphically. This
task is accomplished by reducing the original data to
mainly two principal components, which, despite the
reduction, still describe the variability of the
characteristics well. The data for the six characteristics
(buisness_entities, housing, urbanization, population,
water_network, and ecological areas) selected in
Chapter 2.1, whichdetermine the specific characteristics
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of the districts,in the context of housing markets, were
standardized and prepared for further calculations.
The first step presents basic statistics for the
principal components (Table 2). The results, shown in
Table 3, indicate that the first two principal components
(PC1, PC2) explain a total of 80.45% (Cumulative
Proportion 0.8045) of the variation in the data. The
three principal components (PC1, PC2, PC3) explain up

to 92.39% of the variability in the data. However, only
two principal components were adopted for further
calculations because they provide a sufficiently
reasonable interpretation of the raw data, with a
significantly simplified understanding of the results in
two-dimensional space. Table 3 shows the values of the
calculated factor loadings for the first two components
(PC1, PC2).

Table 2
Basic statistics on principal components
PC1 PC2 PC3 PC4 PC5 PC6
Standard deviation 1.8873 1.1248 0.8464 0.5128 0.4109 0.1572
Proportion of Variance 0.5937 0.2109 0.1194 0.0438 0.0281 0.0041
Cumulative Proportion 0.5937 0.8045 0.9239 0.9677 0.9959 1.0000
Source: own study
Table 3
Factor loadings for PC1 and PC2
PCA1(59,4%) PCA2 (21,1)% Dimension
housing 0.1798 0.7160 Dim2
water_network 0.5103 0.0005 Dim1
business_entities 0.4608 0.1863 Dim1
population 0.5176 -0.0361 Dim1
urbanization 0.4426 -0.1856 Dim1
ecological_areas -0.1765 0.6457 Dim2

Source: own study.

The results of the Principal Components Analysis
calculations, shown in Table 2, allow us to attribute a
reduced dimension to two principal components (PC1,
PC2) for specific six primary variables. The first principal
component (PC1) explains almost 60% of the variance,
while the second principal component explains about
20% of the variance in the core variables. PC1 is
strongly correlated with the characteristics, i.e. “water-
network”,  "business_entities”,  "population” and
“urbanisation”; these variables' loading values are
between 0.44 and 0.52. This principal component can,
therefore, be interpreted as the overall level of
infrastructural and demographic development in the
district. The second principal component (PC2) is
strongly correlated with the characteristics, i.e.
"housing" and "ecological_areas" (0.71, 0.65), which
allows it to be interpreted in the direction of
environmental and residential development.

The PCA analysis allowed for the reduction of the six
primary variables to 2 main factors, which contain more
than 80% of the information in the primary variables.
As a result, the values of the two variables were created
for each county to interpret the locations of the
counties in a two-dimensional space, where the

dimensions are the factor loadings PC1 and PC2. Fig. 6
shows the dispersion of poviats in the Warmian-
Masurian Voivodeship in Poland in a two-dimensional
space for PC1 (Dim1) and PC2 (Dim2).

Figure 6 shows the location of the 21 poviats in
Warmian-Masurian Voivodeship in Poland, depending
on the calculated factor loads in the coordinate system
PC1 and PC2. The horizontal axis of this coordinate
system corresponds to the first principal component
(level  of infrastructural and  demographic
development), while the vertical axis corresponds to the
second principal component (level of environmental
and residential development). As a result of the
reduction of dimensions in the PCA method, clusters of
similar counties can be observed to classify their
similarity, generally with the adopted primary data.
Figure 6 shows a group of dominant counties, i.e. Elblag
and Olsztyn, with a strongly developed infrastructure
and economy. On the other hand, the counties of
Bartoszycki, Ketrzyn and Braniewo show a cluster of
counties  exhibiting the worst macroeconomic
indicators, which shows the similar areas that can be
used in the valuation of real estate (so-called similar
local markets in terms of type and area). At the same
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3.3. PCA - weighted synthetic indicator

In a further stage of the study, it was decided to further
simplify the interpretation of the results obtained in
Principal Components Analysis by calculating a
unidimensional value of the factor loadings for PC1 and
PC2. For this purpose, the PC_weighted index was
determined as a weighted average of the factor
loadings for the individual districts, where the weights
are the percentage values of PC1 (58.4%) and PC2
(21.1%). This resulted in a new synthetic value, which
was visualized in the form of a cartogram (Fig. 7).

Fig. 7 shows the spatial distribution of the obtained
PCA_weighted index. Its highest values were recorded
in the urban poviats of Olsztyn and Elblag, as well as
the poviats located in the lake districts (Mazurian Lake
District and ltawa Lake District). This is because these
areas stand out from the voivodeship in terms of the
attractiveness of living. The location near large labour

REAL ESTATE MANAGEMENT AND VALUATION - vol. 33, no. 4, 2025

markets (Olsztyn, Elblag) and the development of
entrepreneurship, mainly related to the development of
tourism, are important. In addition, these are counties
that, apart from favorable housing conditions in
material terms, are distinguished by high natural values
and play an increasingly important role. The favorable
location at the most important road arteries for the
voivodeship running from west to east and north to
south is not without significance. The poviats that
obtained the lowest value of the index were
concentrated in the northern part of the voivodeship.
In the past, socialized agriculture was predominant
there, and in relative terms, they stand out in
comparison with Warmian-Masurian Voivodship in
terms of unfavorable unemployment rates. Poor
development of entrepreneurship, as well as an
unfavorable border location and limited transport
accessibility, further reduce the attractiveness of living
in these districts.

elSSN: 2300-5289 | Received 2025-03-18 | Revised 2025-05-09 | Accepted 2025-07-14


http://www.remv-journal.com/
http://www.tnn.org.pl/en

¥ Paradigm

54.4°N
54.2°N
54.0°N

o

53.8°N

53.6°N

53.4°N

53.2°N

60 km

19.0°E 19.5°E 20.0°E 20.5°E

PC_weighted

N

21.5°E 22.0°E 22.5°E

Zrédio: GIS Support, GUS

Fig. 7. PCA_weighted cartogram, synthetic value weighted by PC1 and PC values 2. Source: own study.

4. Discussion

Similar studies on regional variation are based on
different methods and data. For example, six groups of
data have been identified in studies specifically
concerning the Warmian-Masurian Voivodeship
(Witkowska-Dagbrowska &  Baczkowski,  2010):
environmental impact, employment, investment,
entrepreneurship, agriculture and availability of
products, services and infrastructure. A further study of
this province assumed the following (Gornowicz &
Wichowska, 2017): population, population density,
migration balance, number of marriages, GDP per
capita income, and grant income. In studies comparing
the living conditions in the regions of Poland and
Germany, the following were assumed in subsequent
studies (Gwiazdzinska-Goraj et al, 2022) two main
types of data:

— material conditions indicators (income per
capita, unemployment levels, number of
dwellings, social welfare expenditure, road
infrastructure,

— indicators of intangible conditions (availability of
education, access to health care, proportion of
residents enjoying culture, level of satisfaction
with life).

The present research adopts a similar data division

into tangible conditions (e.g. number of businesses,
unemployment rate, number of dwellings) and

intangible conditions (population, migration balance,
ecological areas). It can, therefore, be assumed that the
use of similar data in our study reinforces the
assumption of the correctness of the adopted research
procedure. An important element of the adopted data
was the inclusion of ecologically valuable areas, which
are important for Gizycko, Wegorzewo and Gotdap
counties. The adoption of this is in line with previous
research indicating the observation of an increase in
the value of dwellings in naturally attractive areas
(Daams et al., 2016; Trojanek et al, 2018; Zrébek-
Rozanska, A, Zrébek-Sokolnik, A, & Dynowski, P.,
2017)

Applying the Principal Components Analysis (PCA)
method in the study allowed the original data to be
reduced to two main components that determine the
differentiation of the studied counties: PC1 - level of
environmental and residential development and PC2 -
level of environmental and residential development.
This method has been used in many studies (Groth
et al., 2013; Jolliffe & Cadima, 2016; Lee & Jemain, 2021;
Palma & Pierdominici-Sottile, 2023). For example, in
one of the articles (Celepcikay et al., 2009), regional
patterns were discovered using just the PCA method.
This paper uses clustering algorithms to discover
regions with strong regional correlation relationships
between attributes and then determines the underlying
regional structures and correlation patterns. In
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Romania, Principal Components Analysis was also used
to assess levels of regional development, compare
socio-economic indicators, and identify key variables
for social, economic, and infrastructural aspects (Rotaru
et al,, 2024). In this study, two principal components
were also identified, the first of which refers to
economic elements in the regions. In contrast, the
second refers to social and agroecological issues. Thus,
this is quite similar to the results obtained for the
principal components in this article. In the following
article (Caruso et al, 2020), the PCA method was
applied to analyze economic activity in different areas
of central Italy. In Austria, on the other hand, the PCA
method was used to delineate three homogeneous
areas based on rainfall levels (Ehrendorfer, 1987). This
study reduced the original data dimension to 2-3
principal components, which explained 68% and 79%
of the total variance in the data, respectively. Our study
obtained much higher variance explanation rates of
80% and 92%.

Our research resulted in the highest indicators of
socio-economic development in the urban district of
the Warmian-Masurian Voivodship, Olsztyn. However,
according to other studies (Bojarowicz, 2024), in
comparison with the rest of the country, Olsztyn does
not have the status of an agglomeration unit, has a low
level of urbanization and underdeveloped transport
links, which results in a low level of socio-economic
development in the capital of Warmian-Masurian
Voivodeship. At the same time, the overall assessment
of sustainable economic development was lower than
the average for the other Polish voivodeships, from
7218% to 78.88% (Witkowska-Dabrowska &
Baczkowski, 2010). This interesting correlation between
local research on just one province and spatially
broader research is interesting. Olsztyn dominates in
our research in terms of development, while compared
to other urban districts in Poland, other research
(Dembicka-Niemiec, 2020; Stanowicka, 2015) places it
low in such a ranking. In general, the study yielded
clusters of similar counties, and treating them as similar
local housing markets in type and area allows these
results to be applied to property valuation with limited
market development. Different variants of Principal
Components Analysis modeling in property valuation
have been applied in several studies (Betej et al., 2016;
Chaphalkar & Sandbhor, 2016; Mostofi et al., 2022).
This confirms the applicability of the proposed
methods, which were applied in the Warmian-Masurian
Voivodeship in Poland.

5. Conclusions

REAL ESTATE MANAGEMENT AND VALUATION - vol. 33, no. 4, 2025

The essence of property valuation is determining the
property's value in an appraisal report. There are many
scientific publications (Chmielewska et al., 2025; Gaca
et al., 2020; Isakson, 1998; Konowalczuk et al., 2021;
Krajewska & Pawtowski, 2019; O'Byrne et al, 1985;
Renigier-Bitozor et al., 2018; Limlomwongse Suksmith
& Nitivattananon, 2015), mainly concerning valuation
methodology, theoretical and practical aspects of
valuation or specific valuation objectives and property
types. Such studies (apart from case-study type
discussions) also apply a range of modern technologies
and methods to the analysis of valuation data i.e.
machine learning, spatial analysis using GIS tools,
automated valuation models or property price
forecasting (Benjamin et al., 2004; Bjgrgve & Sandnes,
2023; Cellmer et al., 2014; Droj et al.,, 2024; Forys, 2022;
Ho et al,, 2021; Renigier-Bitozor et al., 2022).

If there are no similar properties in a given local
market, the research can (according to Polish law) be
extended to similar local markets. As a result, an
important element of the valuation is the search for
regions with similar socio-economic conditions. This
article identifies similar areas in the Warmian-Masurian
Voivodeship, with 21 counties treated as local housing
markets.

The research used Principal Components Analysis
and constructed a synthetic PC_weighted index to
identify groups of counties with similar socio-economic
characteristics. This makes it possible to show specific
counties for the valuer to use in his search for data (in
the absence of these in the local market under analysis).
The research confirmed that multidimensional
analytical methods can be successfully applied in the
analysis of real estate markets for valuation purposes,
as they are devoid of subjectivity and objectively allow
clusters or groups of similar areas (counties) to be
obtained. The research results showed a significant
difference between urban and rural districts in the
Warmian-Masurian  voivodship, Poland. This s
particularly evident in the difference between large
urban centers such as Olsztyn (the voivodeship capital),
Elblag, and the other counties in the entire voivodeship.
In the analyzed area of Warmian-Masurian Voivodship,
the road infrastructure network (voivodeship road No.
16), along which the poviats located obtained the
highest scores in the study and formed a relatively
compact group of similar poviats, turned out to be an
essential element.

It seems that the research can be continued, further
research methods can be applied, and the local market
area should be reduced (from counties to

11

elSSN: 2300-5289 | Received 2025-03-18 | Revised 2025-05-09 | Accepted 2025-07-14


http://www.remv-journal.com/
http://www.tnn.org.pl/en

¥ Paradigm

municipalities), which can delineate similar areas for
property valuation purposes. This type of research may
be important for valuers and several state or local
government institutions to coordinate or optimize their
social, economic or environmental policies.
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