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ABSTRACT: The aim of the study was to identify the effect of the accessibility of the Wielkopolska National Park (WNP) 
on the prices of undeveloped land intended for development in the municipality of Mosina. The study was conducted on 
the basis of transaction data obtained from the District Centre for Geodetic and Cartographic Documentation in Poznań. 
The input data was subjected to spatial and statistical analysis. The main part of the analysis was performed using the 
ordinary least squares (OLS) method and geographically weighted regression (GWR). The use of statistical tools provided 
irrefutable evidence that the prices of the analysed properties are related to their proximity to the Wielkopolska National 
Park, and that the impact of this feature is heterogeneous within the analysed area, which highlights the complexity of the 
phenomenon under study. The main findings of GWR indicate that the proximity of a property to a national park exerts a 
negative influence on its value, with coefficients for transactions in the immediate vicinity of WNP ranging from -0.0093 
to -0.0006. Conversely, building plots situated in the broader vicinity of a legally protected area are associated with higher 
prices, attributable to the site's attractiveness, with coefficients reaching positive values up to a maximum of 0.0146.  
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Introduction

The effect of legally protected areas on property transaction prices is a complex and multifaceted 
issue. Legally protected areas such as national parks or nature reserves can have both a negative and 
positive impact on the transaction prices of properties located in their vicinity (Grady et al., 2019; 
Mcdonald et al., 2007). On the one hand, the accessibility of protected areas usually increases the 
value of properties located in their vicinity due to the aesthetic qualities, recreational opportunities 
and environmental benefits that such areas provide. Aspects such as access to nature, better quality 
of life and, ultimately, picturesque views further enhance this phenomenon (Hebb et al., 2010). How-
ever, it must also be taken into account that protected areas may, in some cases, have a negative 
impact on transaction prices. This is because restrictions on land use and spatial planning directly in 
protected areas or in their immediate vicinity may, in some respects, limit property rights, which may 
lead to a reduction in potential economic value (Cervero & Duncan, 2004; Malpezzi & Wachter, 2005). 
In addition, increased wildlife activity and intense tourism may be perceived as additional nuisances 
by some potential buyers (Belicia & Islam, 2018; Alkan et al., 2022; Broitman et al., 2019). It should 
therefore be emphasised that the problem presented is ambiguous and depends on individual cir-
cumstances and local market conditions. Nevertheless, it is important to underscore that the proxim-
ity to legally protected areas significantly influences property prices, as corroborated by research 
conducted in Poland and other countries (Sylla et al., 2019; Fois et al., 2019; Gibbons et al., 2014).

In order to correctly identify market mechanisms and forecast prices, statistical methods are 
usually used, covering a wide range of techniques, among which regression analysis predominates. 
This analysis is commonly used to determine the relationship between property characteristics and 
transaction prices. Its main advantage is that it allows for the simultaneous estimation of the impact 
of various factors on property prices. Hedonic pricing models are most commonly used in the prop-
erty market, in which property characteristics such as location and size are defined as components of 
the model (Sirmans et al., 2005; Zaki et al., 2022). In addition, spatial analysis techniques imple-
mented in geographic information systems (GIS) are gaining in importance today, and their greatest 
advantage is that factors related to broadly understood location are not omitted from the analysis 
(Renigier-Bilozor et al., 2019). Furthermore, spatial analyses enable the identification of local mar-
kets with similar characteristics, allowing complex phenomena to be interpreted correctly (Anselin, 
1998; Renigier-Biłozor et al., 2014). Ultimately, the combination of both statistical and spatial meth-
ods provides valuable information useful in the decision-making process concerning property valua-
tion, investment strategies and market forecasts.

The primary objective of this study was to identify the impact of the Wielkopolska National Park 
(WPN) on the transaction prices of undeveloped properties intended for development in the munici-
pality of Mosina. However, given the complexity of the property market, the analysis covered a num-
ber of other attributes important for the type of property analysed, selected on the basis of a review 
of the literature and knowledge of the local real estate market. The accelerated urban development 
within the Mosina municipality, attributed to its strategic location in the Poznań metropolitan area, 
necessitates a comprehensive examination of the influence of environmental protection zones on the 
local real estate market. This study primarily aims to assess the impact of the Wielkopolska National 
Park (WNP) on the transaction prices of undeveloped land designated for development. To this end, 
the following research hypotheses have been proposed: H1: the presence of the WNP significantly 
influences land prices, although this effect is not consistent throughout the study area; H2: the imme-
diate proximity to the WNP adversely affects market value due to planning restrictions and natural 
disturbances; and H3: as the distance from the Park’s boundary increases within its broader vicinity, 
the influence becomes positive, enhancing prices due to recreational and landscape attributes.

An overview of the literature

The impact of legally protected areas on property transaction prices in recent years has been the 
subject of considerable interest in real estate market studies. This research focuses on attempting to 
describe the complex relationship between environmental protection and property value(Lazrak et 
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al., 2013; Pearson et al., 2002; Ahlvik & van Kooten, 2025). Its structure takes into account not only 
national parks, but also nature reserves and other nature conservation areas. This is extremely 
important because each form serves a different nature conservation purpose. National parks usually 
cover large, ecologically diverse regions, protecting natural landscapes and biodiversity, while nature 
reserves prioritise the strict protection of ecosystems and species, and nature conservation areas 
represent a more flexible approach, balancing ecological protection with the sustainable use of 
resources by local communities (Shultis & Way, 2006; Malik & Grohmann, 2012). However, the com-
mon ground of these studies is an attempt to answer the question of how the proximity of such areas 
affects final transaction prices. In general, the results of the studies indicate a positive correlation 
between access to legally protected areas and property transaction prices. However, it should be 
noted that the scale and nature of this effect may vary depending on factors such as the type of pro-
tected area, biological diversity, local economic conditions and, ultimately, the specific characteristics 
of the property. In most cases, the literature on the subject confirms that properties located closer to 
these areas often achieve higher prices, with the caveat that negative restrictions on land use or 
increased frequency of encounters with wild animals may offset this positive effect (Lee et al., 2021; 
Martinuzzi et al., 2015).

In addition, contemporary research increasingly takes into account the temporal aspects of the 
analysed relationship, examining how the impact of protected areas on property prices may change 
as environmental awareness grows and the areas themselves evolve (Ferraro & Pressey, 2015; Bailey 
et al., 2015). This is because the relationship is not static and may evolve over time under the influ-
ence of various factors, among which urban development and improvements in transport infrastruc-
ture appear to have a significant impact (Chanieabate et al., 2023). As a result, protected areas that 
were previously remote may become more accessible, potentially increasing their impact on prop-
erty prices in the immediate vicinity. Changing social preferences related to environmental amenities 
and outdoor recreation also appear to be an important aspect in the context of the time dimension. In 
addition, it should also be borne in mind that climate change may significantly alter the attractiveness 
of certain locations, which will have an impact on both protected areas and associated property 
prices (Clayton et al., 2021). Finally, both global economic fluctuations and changes in local industry 
can affect housing demand and availability, potentially modifying the importance of protected area 
accessibility on property prices. Changes in long-term environmental protection measures or modi-
fications in national protected area management policies may also influence this relationship 
(Carrasco-Gallego, 2020). Therefore, research conducted over a period of years is crucial for under-
standing temporal dynamics and shaping sustainable urban and conservation strategies. The multi-
faceted approach presented here aims to provide a more comprehensive understanding of the eco-
nomic value of environmental protection in the context of property markets.

The choice of WPN and the municipality of Mosina as the main points of reference for this study 
was not accidental and has several advantages. Firstly, WPN plays a significant role in the process of 
nature conservation not only in the region but also in Poland, and its structure includes a variety of 
ecosystems (Laska et al., 2023). On the other hand, it is also important for the development of regional 
tourism (Zawilińska & Mika, 2013), and the number of tourists visiting the area is steadily increasing. 
The significant status in the region defined in this way enables a comprehensive analysis of the park’s 
impact on neighbouring property markets. Secondly, the location of the Mosina municipality in the 
immediate vicinity of the park allows for an analysis of the spatial relationships between protected 
areas and property prices. The heterogeneous landscape of the municipality, which includes both 
urban and rural areas, provides an opportunity for detailed observation of how the accessibility of 
the park affects prices for properties in different locations. The conclusions drawn from the results 
obtained can be applied to comparable units adjacent to protected areas, with the proviso that the 
unique characteristics of the local property market and the local environmental context must be 
taken into account.

This study complements the existing literature on the subject, analysing the relationship between 
the prices of undeveloped investment properties and access to legally protected areas, filling a gap in 
previous research. Although there are many studies analysing the impact of green spaces on property 
prices (Trojanek et al., 2018; Piaggio, 2021), few of them have focused specifically on the impact of 
access to protected areas (Lang et al., 2023). With this in mind, the study provides a wealth of valu-
able information on how environmental protection measures and spatial planning policies can affect 
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the local property market. Furthermore, the study makes it possible to identify the variation in eco-
nomic value that residents attribute to this feature, which can be a key foundation for urban planning 
and environmental protection strategies. The results obtained can help local government officials, 
urban planners and real estate specialists make informed decisions about land use and property 
development in areas adjacent to national parks. Another strength of the study is the variety of meth-
odologies used. Most existing studies are based on standard hedonic price models, without consider-
ing alternative approaches such as spatial econometrics. In addition, differentiated distance factors 
were used, taking into account existing spatial barriers, in contrast to studies based on simplified 
distance measures.

Research methods

Transaction data

The transaction data was obtained from the District Geographical Documentation Centre in 
Poznań, which collects data directly from notarial deeds. The data concerned transactions from 2024 
in the municipality of Mosina and related to undeveloped properties intended for investment. The 
basic data stored in the database in question includes the most important information about each 
transaction, i.e. the transaction price, transaction date, area, intended use and property identification 
number. The main advantage of this data is its source. Due to the fact that it comes from notarial 
deeds, it constitutes a reliable and trustworthy database, which is necessary, among other things, for 
monitoring the current situation on the property market and the characteristics of the mechanisms 
operating within a given market. Finally, after removing transactions concluded under non-market 
conditions and transactions containing errors (incorrect prices, clearly deviating from the average) 
from the data set, 97 transactions were included in the analysis.

Correlation and spatial autocorrelation analyses

The preliminary statistical analysis of the collected transaction data included the calculation of 
basic descriptive statistics for both the dependent and independent variables. This analysis made it 
possible to identify preliminary differences, minimum and maximum values, and determine the dis-
tribution for the analysed variables. The selected variables were then subjected to a correlation 
analysis, which had two objectives. Firstly, it aimed to preliminarily identify the collinearity of vari-
ables. Secondly, it aimed to exclude from further analysis variables characterised by a very strong 
linear dependence on other independent variables (over 90%). This assessment was made on the 
basis of Pearson’s linear correlation coefficient calculated according to the formula:

	 𝑟𝑟(𝑥𝑥, 𝑦𝑦) = cov(x,y)
𝜎𝜎𝜎𝜎∗𝜎𝜎𝜎𝜎  ,   (1) 

 

𝐼𝐼 = 𝑁𝑁
𝛴𝛴𝑖𝑖𝛴𝛴𝑗𝑗𝑤𝑤𝑖𝑖𝑖𝑖

𝛴𝛴𝑖𝑖𝛴𝛴𝑗𝑗𝑤𝑤𝑖𝑖𝑖𝑖(𝑋𝑋𝑖𝑖−𝑋̅𝑋)(𝑋𝑋𝑗𝑗−𝑋̅𝑋)
𝛴𝛴𝑖𝑖(𝑋𝑋𝑖𝑖−𝑋̅𝑋)2  ,  (2) 

 

𝑍𝑍 = 𝐼𝐼−𝜇𝜇
𝜎𝜎 ,    (3) 

 

𝑌𝑌 = 𝛽𝛽0 + 𝛴𝛴ⅈ=1
𝐾𝐾 𝛽𝛽ⅈ𝑋𝑋ⅈ + 𝜀𝜀,   (4) 

 

𝑌𝑌 = 𝛽𝛽0(𝑥𝑥ⅈ, 𝑦𝑦ⅈ) + 𝛴𝛴ⅈ=1
𝐾𝐾 𝛽𝛽ⅈ(𝑥𝑥ⅈ, 𝑦𝑦ⅈ)𝑋𝑋ⅈ + 𝜀𝜀,  (5) 

 

 

𝛽𝛽^(𝑥𝑥ⅈ, 𝑦𝑦ⅈ) = (𝑋𝑋𝑇𝑇𝑊𝑊(𝑥𝑥ⅈ, 𝑦𝑦ⅈ)𝑋𝑋)−1𝑋𝑋𝑇𝑇𝑊𝑊(𝑥𝑥ⅈ, 𝑦𝑦ⅈ)𝑦𝑦,  (6) 
 

	 (1)

where:
cov(x,y) = E(x × y) − [E(x) × E(y)],
r(x, y) – r-Pearson correlation coefficient between applied variables x and y,
cov(x,y) – covariance between the applied variables x and y,
σ – standard deviation,
E – expected value.

Considering that the results obtained using the standard regression technique may be subject to 
systematic error due to the heterogeneity of the spatial dependence of a given attribute within the 
entire study area, and that the transaction price in a given location may often depend on prices in the 
immediate vicinity, the phenomenon of spatial autocorrelation was examined. In the case of the ana-
lysed data set, it was assessed whether transaction prices in specific areas of the municipality are 
subject to spatial autocorrelation using Moran’s I test:

	

𝑟𝑟(𝑥𝑥, 𝑦𝑦) = cov(x,y)
𝜎𝜎𝜎𝜎∗𝜎𝜎𝜎𝜎  ,   (1) 

 

𝐼𝐼 = 𝑁𝑁
𝛴𝛴𝑖𝑖𝛴𝛴𝑗𝑗𝑤𝑤𝑖𝑖𝑖𝑖

𝛴𝛴𝑖𝑖𝛴𝛴𝑗𝑗𝑤𝑤𝑖𝑖𝑖𝑖(𝑋𝑋𝑖𝑖−𝑋̅𝑋)(𝑋𝑋𝑗𝑗−𝑋̅𝑋)
𝛴𝛴𝑖𝑖(𝑋𝑋𝑖𝑖−𝑋̅𝑋)2  ,  (2) 

 

𝑍𝑍 = 𝐼𝐼−𝜇𝜇
𝜎𝜎 ,    (3) 

 

𝑌𝑌 = 𝛽𝛽0 + 𝛴𝛴ⅈ=1
𝐾𝐾 𝛽𝛽ⅈ𝑋𝑋ⅈ + 𝜀𝜀,   (4) 

 

𝑌𝑌 = 𝛽𝛽0(𝑥𝑥ⅈ, 𝑦𝑦ⅈ) + 𝛴𝛴ⅈ=1
𝐾𝐾 𝛽𝛽ⅈ(𝑥𝑥ⅈ, 𝑦𝑦ⅈ)𝑋𝑋ⅈ + 𝜀𝜀,  (5) 

 

 

𝛽𝛽^(𝑥𝑥ⅈ, 𝑦𝑦ⅈ) = (𝑋𝑋𝑇𝑇𝑊𝑊(𝑥𝑥ⅈ, 𝑦𝑦ⅈ)𝑋𝑋)−1𝑋𝑋𝑇𝑇𝑊𝑊(𝑥𝑥ⅈ, 𝑦𝑦ⅈ)𝑦𝑦,  (6) 
 

	 (2)
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where:
I 	 – Moran I Global Statistics Index,
Xi 	 – value of an attribute of an object i,
Xj 	 – value of an attribute of an object j,
N 	 – number of objects,
wij 	 – connection weights for objects i and j.

This test aims to verify the null hypothesis (H0): the spatial distribution of the analysed feature 
(unit transaction price) is completely random. The results are interpreted on the basis of the assess-
ment of the Z parameter and the p value. The Z parameter represents the normalised value of Moran’s 
I statistic, which is a multiple of the standard deviation and indicates how much the result deviates 
from the expected mean value. The p-value, on the other hand, is the probability of making an error 
when rejecting H0. Low p-values mean that there is a low probability that the observed spatial struc-
ture is the result of random processes. The Z parameter is calculated according to the following for-
mula:

	

𝑟𝑟(𝑥𝑥, 𝑦𝑦) = cov(x,y)
𝜎𝜎𝜎𝜎∗𝜎𝜎𝜎𝜎  ,   (1) 

 

𝐼𝐼 = 𝑁𝑁
𝛴𝛴𝑖𝑖𝛴𝛴𝑗𝑗𝑤𝑤𝑖𝑖𝑖𝑖

𝛴𝛴𝑖𝑖𝛴𝛴𝑗𝑗𝑤𝑤𝑖𝑖𝑖𝑖(𝑋𝑋𝑖𝑖−𝑋̅𝑋)(𝑋𝑋𝑗𝑗−𝑋̅𝑋)
𝛴𝛴𝑖𝑖(𝑋𝑋𝑖𝑖−𝑋̅𝑋)2  ,  (2) 

 

𝑍𝑍 = 𝐼𝐼−𝜇𝜇
𝜎𝜎 ,    (3) 

 

𝑌𝑌 = 𝛽𝛽0 + 𝛴𝛴ⅈ=1
𝐾𝐾 𝛽𝛽ⅈ𝑋𝑋ⅈ + 𝜀𝜀,   (4) 

 

𝑌𝑌 = 𝛽𝛽0(𝑥𝑥ⅈ, 𝑦𝑦ⅈ) + 𝛴𝛴ⅈ=1
𝐾𝐾 𝛽𝛽ⅈ(𝑥𝑥ⅈ, 𝑦𝑦ⅈ)𝑋𝑋ⅈ + 𝜀𝜀,  (5) 

 

 

𝛽𝛽^(𝑥𝑥ⅈ, 𝑦𝑦ⅈ) = (𝑋𝑋𝑇𝑇𝑊𝑊(𝑥𝑥ⅈ, 𝑦𝑦ⅈ)𝑋𝑋)−1𝑋𝑋𝑇𝑇𝑊𝑊(𝑥𝑥ⅈ, 𝑦𝑦ⅈ)𝑦𝑦,  (6) 
 

	 (3)

where:
Z 	 – Z-score value,
I 	 – Moran I Global Statistics Index,
μ 	 – E(I) – expected value I,
σ 	 – the standard deviation of a random variable I.

Hedonic price analysis
The ordinary least squares (OLS) technique is one of the basic methods of linear modelling of the 

relationship between a dependent variable and a series of selected independent variables. According 
to the theoretical assumptions of this technique, these relationships can be represented by a straight 
line, for which the values of y are estimated on the basis of the values of x. The line is estimated in such 
a way that the sum of the squares of the estimated parameter errors is as small as (Hutchenson, 2019; 
Ghosalkar & Dhage, 2018; Zhang, 2021). 

Taking the above into account, the OLS regression model can be represented by the following 
formula:

	

𝑟𝑟(𝑥𝑥, 𝑦𝑦) = cov(x,y)
𝜎𝜎𝜎𝜎∗𝜎𝜎𝜎𝜎  ,   (1) 

 

𝐼𝐼 = 𝑁𝑁
𝛴𝛴𝑖𝑖𝛴𝛴𝑗𝑗𝑤𝑤𝑖𝑖𝑖𝑖

𝛴𝛴𝑖𝑖𝛴𝛴𝑗𝑗𝑤𝑤𝑖𝑖𝑖𝑖(𝑋𝑋𝑖𝑖−𝑋̅𝑋)(𝑋𝑋𝑗𝑗−𝑋̅𝑋)
𝛴𝛴𝑖𝑖(𝑋𝑋𝑖𝑖−𝑋̅𝑋)2  ,  (2) 

 

𝑍𝑍 = 𝐼𝐼−𝜇𝜇
𝜎𝜎 ,    (3) 

 

𝑌𝑌 = 𝛽𝛽0 + 𝛴𝛴ⅈ=1
𝐾𝐾 𝛽𝛽ⅈ𝑋𝑋ⅈ + 𝜀𝜀,   (4) 

 

𝑌𝑌 = 𝛽𝛽0(𝑥𝑥ⅈ, 𝑦𝑦ⅈ) + 𝛴𝛴ⅈ=1
𝐾𝐾 𝛽𝛽ⅈ(𝑥𝑥ⅈ, 𝑦𝑦ⅈ)𝑋𝑋ⅈ + 𝜀𝜀,  (5) 

 

 

𝛽𝛽^(𝑥𝑥ⅈ, 𝑦𝑦ⅈ) = (𝑋𝑋𝑇𝑇𝑊𝑊(𝑥𝑥ⅈ, 𝑦𝑦ⅈ)𝑋𝑋)−1𝑋𝑋𝑇𝑇𝑊𝑊(𝑥𝑥ⅈ, 𝑦𝑦ⅈ)𝑦𝑦,  (6) 
 

	 (4)

where:
Y 	 – price of the sold real estate,
β0 ..... βi – regression coefficients,
X1 ..... Xi – values of the analysed parameters,
ε 	 – standard error.

In the study, taking into account the presented problem of spatial autocorrelation, geographically 
weighted regression (GWR) analysis was also used, which was proposed in 1996 and can be treated 
as an extension of traditional OLS regression (Brunsdon et al., 1996). The main difference is that GWR 
allows local coefficients to be estimated based on samples from a  specific bandwidth. Taking the 
above into consideration, the GWR model can be represented by the following formula:

	

𝑟𝑟(𝑥𝑥, 𝑦𝑦) = cov(x,y)
𝜎𝜎𝜎𝜎∗𝜎𝜎𝜎𝜎  ,   (1) 

 

𝐼𝐼 = 𝑁𝑁
𝛴𝛴𝑖𝑖𝛴𝛴𝑗𝑗𝑤𝑤𝑖𝑖𝑖𝑖

𝛴𝛴𝑖𝑖𝛴𝛴𝑗𝑗𝑤𝑤𝑖𝑖𝑖𝑖(𝑋𝑋𝑖𝑖−𝑋̅𝑋)(𝑋𝑋𝑗𝑗−𝑋̅𝑋)
𝛴𝛴𝑖𝑖(𝑋𝑋𝑖𝑖−𝑋̅𝑋)2  ,  (2) 

 

𝑍𝑍 = 𝐼𝐼−𝜇𝜇
𝜎𝜎 ,    (3) 

 

𝑌𝑌 = 𝛽𝛽0 + 𝛴𝛴ⅈ=1
𝐾𝐾 𝛽𝛽ⅈ𝑋𝑋ⅈ + 𝜀𝜀,   (4) 

 

𝑌𝑌 = 𝛽𝛽0(𝑥𝑥ⅈ, 𝑦𝑦ⅈ) + 𝛴𝛴ⅈ=1
𝐾𝐾 𝛽𝛽ⅈ(𝑥𝑥ⅈ, 𝑦𝑦ⅈ)𝑋𝑋ⅈ + 𝜀𝜀,  (5) 

 

 

𝛽𝛽^(𝑥𝑥ⅈ, 𝑦𝑦ⅈ) = (𝑋𝑋𝑇𝑇𝑊𝑊(𝑥𝑥ⅈ, 𝑦𝑦ⅈ)𝑋𝑋)−1𝑋𝑋𝑇𝑇𝑊𝑊(𝑥𝑥ⅈ, 𝑦𝑦ⅈ)𝑦𝑦,  (6) 
 

	 (5)

where:
xi, yi 	 – geographical coordinates of the i-th object,
β0 (xi, yi) – location-specific intersection object,
βi (xi, yi) – regression coefficient relevant to the location of the given object,
Xi 	 – variable related to the coefficients ,
K 	 – number of estimated parameters,,
ε 	 – standard error.
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The coefficients in the GWR model are estimated in a manner comparable to classical techniques, 
with the difference that this process takes into account weights depending on the location of indi-
vidual observations:

	

𝑟𝑟(𝑥𝑥, 𝑦𝑦) = cov(x,y)
𝜎𝜎𝜎𝜎∗𝜎𝜎𝜎𝜎  ,   (1) 

 

𝐼𝐼 = 𝑁𝑁
𝛴𝛴𝑖𝑖𝛴𝛴𝑗𝑗𝑤𝑤𝑖𝑖𝑖𝑖

𝛴𝛴𝑖𝑖𝛴𝛴𝑗𝑗𝑤𝑤𝑖𝑖𝑖𝑖(𝑋𝑋𝑖𝑖−𝑋̅𝑋)(𝑋𝑋𝑗𝑗−𝑋̅𝑋)
𝛴𝛴𝑖𝑖(𝑋𝑋𝑖𝑖−𝑋̅𝑋)2  ,  (2) 

 

𝑍𝑍 = 𝐼𝐼−𝜇𝜇
𝜎𝜎 ,    (3) 

 

𝑌𝑌 = 𝛽𝛽0 + 𝛴𝛴ⅈ=1
𝐾𝐾 𝛽𝛽ⅈ𝑋𝑋ⅈ + 𝜀𝜀,   (4) 

 

𝑌𝑌 = 𝛽𝛽0(𝑥𝑥ⅈ, 𝑦𝑦ⅈ) + 𝛴𝛴ⅈ=1
𝐾𝐾 𝛽𝛽ⅈ(𝑥𝑥ⅈ, 𝑦𝑦ⅈ)𝑋𝑋ⅈ + 𝜀𝜀,  (5) 

 

 

𝛽𝛽^(𝑥𝑥ⅈ, 𝑦𝑦ⅈ) = (𝑋𝑋𝑇𝑇𝑊𝑊(𝑥𝑥ⅈ, 𝑦𝑦ⅈ)𝑋𝑋)−1𝑋𝑋𝑇𝑇𝑊𝑊(𝑥𝑥ⅈ, 𝑦𝑦ⅈ)𝑦𝑦,  (6) 
 

	 (6)

where:
W(xi, yi) is a diagonal matrix of weights, which are a function of the distance between the location given by 

the coordinates (xi, yi) and the location of each object where the observation occurred.

The weights presented in the diagonal matrix are determined using a function similar to a Gauss-
ian curve. This process takes into account the bandwidth of the parameters, which determines the 
spatial range within which observations are taken into account during the calculations. A key aspect 
of the estimation process is that observations in the immediate vicinity of a given object have a much 
greater influence on the estimated parameters than data located at a greater distance (due to their 
greater weight) (Fotheringham et al., 2009; Cellmer et al., 2020).

When a wider band is used, the GWR results approximate the global model (OLS). The advantage 
of the GWR technique is that it allows observation of the variability of the estimated parameters in 
the analysed area, as the coefficient values are estimated for each individual observation.

Results of the research

In order to characterise the current situation on the local property market, transactions from 
2024 were included in the analysis, and the final data set comprised a total of 97 transactions (Figure 
1a). It should be noted that the largest number of transactions was concluded in the south-western 
part of the municipality (localities: Dymaczewo Nowe, Nowinki) and in the northern part (localities: 
Daszewice, Czapury). Despite the fact that the town of Mosina, located in the central part of the 
municipality, is an important centre for the local community on a municipal scale, the number of 
transactions concluded within its boundaries was insignificant (Figure 1b).

For the adopted observations, a synthetic characterisation of the accepted independent variables 
and the dependent variable (Y – unit price PLN/m2) was made, for which basic descriptive statistics 
were calculated, including the mean (x ̅), standard deviation (σ), median (Me) and maximum (Max) 
and minimum (Min) values. These characteristics provide an overview of the key features of the ana-
lysed real estate transactions, highlighting the diversity of prices, sizes and locations in relation to 
important elements such as the city centre, roads and the national park.

Figure 1. (a) Detailed location of transactions (b) Density of transactions
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The independent variables included in the analysis were selected after considering the basic pur-
pose of the analysis, a review of the literature and knowledge of the local market: x1 – area (m2), x2 – 
distance from forests (m), x3 – distance from surface waters (m), x4 – distance from protected areas 
(m), x5 – distance from local roads (m), x6 – distance from collector roads (m), x7 – distance from main 
roads (m), x8 – distance from Poznań (m), x9 – availability of water supply network (0/1), x10 – avail-
ability of sewage network (0/1), x11 – availability of power supply network (m).

The average unit transaction price of undeveloped properties intended for development in the 
municipality of Mosina in 2024 was PLN 226.81/m². Prices ranged from a minimum of PLN 57.36/m2 
to a maximum of PLN 705.33/m2, indicating significant variation in property prices across the area. 
The average plot size was 902.59 m2, and the median was 818.22 m2. This suggests that the proper-
ties analysed were typical investment plots for single-family housing development. On average, the 
properties were located 1060.36 m from the WPN boundaries. The closest properties were located 
within the park boundaries, while the furthest was located 3461.30 m from this characteristic (Table 1).

Table 1. Descriptive statistics of dependent and independent variables

x Max Min Me σ

Y 226.81 705.33 57.36 196.93 123.17

x1 902.59 3499.45 422.16 818.22 426.91

x2 298.70 1115.22 0.00 150.56 334.92

x3 346.15 1611.00 14.69 308.41 225.28

x4 1060.36 3461.30 0.00 659.41 993.31

x5 234.10 743.36 2.05 150.44 217.98

x6 1713.82 6368.44 83.05 1138.38 1512.16

x7 1037.97 4342.68 4.11 398.55 1166.97

x8 9059.36 17703.67 69.91 10226.61 5546.87

x9 0.70 1.00 0.00 1.00 0.46

x10 0.47 1.00 0.00 0.00 0.50

x11 0.91 1.00 0.00 1.00 0.29

Number of observations 97

Correlation analysis for independent variables showed the strongest positive relationship 
between attributes x4 and x7 (0.62) and x2 and x7 (0.57). This seems logical and results from the fact 
that in the first case, the main roads (primarily provincial roads) within the municipality are located 
in a comparable location to the WPN boundaries (western part of the municipality). Similarly, in the 
case of features x2 and x7, forests are also located mainly in the western part of the municipality. The 
strongest negative correlation was observed for attributes x8 and x10 (−0.41). This seems entirely 
understandable and results from the fact that, on a municipal scale, areas located further away from 
a large urban centre (Poznań) have lower access to technical infrastructure, in this case, the sewage 
system. The results of the correlation analysis between the unit transaction price and the indepen-
dent variables indicate a varied correlation of the adopted variables (6 negative, 5 positive). The 
coefficient for the variable related to access to the WPN does not indicate any significant correlations, 
but it should be remembered that this analysis takes into account the relationships between two 
characteristics, ignoring the others. Therefore, no binding conclusions should be drawn on this basis 
(Table 2).
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Table 2. Results of the correlation analysis

  Y x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11

Y -                      

x1 -0.32 -                    

x2 -0.06 0.01 -                  

x3 0.23 -0.24 0.10 -                

x4 -0.03 0.07 0.48 0.30 -              

x5 0.00 -0.19 0.47 0.12 0.33 -            

x6 -0.14 0.18 -0.17 0.27 0.06 -0.14 -          

x7 -0.06 0.02 0.57 0.01 0.62 0.40 -0.34 -        

x8 -0.38 0.17 -0.19 -0.23 -0.28 -0.34 0.07 -0.35 -      

x9 0.24 -0.12 0.26 -0.08 -0.01 0.10 -0.27 0.21 -0.24 -    

x10 0.24 -0.26 0.22 0.02 -0.01 0.13 -0.26 0.32 -0.41 0.53 -  

x11 0.09 0.09 -0.20 0.00 0.07 -0.02 0.00 0.19 -0.09 0.18 0.23 -

In the next stage, OLS regression was performed. Based on the results obtained, it can be con-
cluded that one variable (x8) is statistically significant at a p value of 1%. The Multiple R -Squared 
coefficient was 0.3308, which means that the model explains approximately 33% of the variability in 
property prices. The Adjusted R-Squared coefficient, which takes into account the number of predic-
tors analysed in its structure, received a slightly lower value: 0.2442 (Table 3). 

The coefficient for the statistically significant variable related to the distance from Poznań con-
firms that properties located further away from a large urban centre are characterised by lower 
prices compared to comparable properties located in the immediate vicinity of such a city. For the 
other variables, the expected sign (type of impact) was obtained, with the exception of the variable 
related to access to the sewage system. In the case of the feature related to access to a public sewage 
system, the estimated coefficient indicates that an increase in the distance from this type of facility 
causes an increase in price. The coefficient for the feature related to accessibility to WPN indicates 
that an increase in distance results in a higher price. (Table 3). However, it should be noted that these 
two variables are not statistically significant in the analysed set, which makes it impossible to draw 
clear conclusions.

Table 3. Summary of ordinary least squares (OLS)

Coefficient Standard Error T-Value p-Value VIF

Intercept 330.8320 62.7694 5.2706 0.0000* -

X1 -0.0550 0.0296 -1.8562 0.0669 1.3376

X2 -0.0065 0.0494 -0.1319 0.8954 2.2877

X3 0.0961 0.0576 1.6685 0.0989 1.4092

X4 0.0052 0.0167 0.3084 0.7586 2.3171

X5 -0.0716 0.0618 -1.1596 0.2495 1.5182

X6 -0.0167 0.0088 -1.9005 0.0608 1.4795

X7 -0.0278 0.0162 -1.7142 0.0901 3.0048

X8 -0.0085 0.0024 -3.4902 0.0008* 1.5175

X9 41.5870 29.7830 1.3963 0.1663 1.5566



DOI: 10.34659/eis.2026.97.2.1322

9ECONOMICS AND ENVIRONMENT  2(97) • 2026

Coefficient Standard Error T-Value p-Value VIF

X10 -4.2707 30.2441 -0.1412 0.8880 1.9096

X11 36.0315 44.3578 0.8123 0.4189 1.3867

Number of observations 97

Multiple R-Squared 0.3308

Adjusted R-Squared 0.2442

AICc 1200.53

Although the model explained a relatively small percentage of the analysed phenomenon, the 
differences between the observed and estimated values were generally not large. Only in the case of 
four transactions located in the northern part of the municipality were the standard deviations of the 
residuals outside the range [-2.2] (Figure 2). In extreme cases, this value was -2.59, and the price dif-
ference for this observation was -278.25 PLN/m2 (observed price = 100.00 PLN/m2 , estimated price 
= PLN 378.25/m2) and 2.95, and the price difference was the highest in the entire set and amounted 
to PLN 317.58/m2 (observed price = PLN 705.33/m2, estimated price = PLN 387.25/m2).

Figure 2. OLS results – standard residuals

Next, the phenomenon of spatial autocorrelation of transaction prices was tested using Moran’s I 
test. The interpretation of the results indicates that there is a very low probability that the analysed 
spatial structure of prices is the result of random phenomena (I = 0.406629, Z-score = 5.055400 and 
p = 0.000000) (Figure 3). 

This allows us to reject the H0 hypothesis that the distribution of the analysed feature is com-
pletely random. The results directly indicate that prices can form spatial clusters and be spatially 
correlated, which may indicate that their price may depend on relevant local factors. Taking this into 
account, geographically weighted regression (GWR) was used in the further part of the study to 
achieve the basic objective.

The results obtained after applying the GWR technique indicate a significantly higher modelling 
accuracy of this method within the analysed set compared to the OLS technique. The Multiple 
R-Squared coefficient was 0.5187, and the Adjusted R-Squared parameter was 0.3634. The higher 
quality is also confirmed by the value of the coefficient taking into account the correction for the 
Akaike Information Criterion (AICc). For the GWR-estimated model, this parameter was 1194.36, 
while for the OLS technique it was 1200.53. 



DOI: 10.34659/eis.2026.97.2.1322

10ECONOMICS AND ENVIRONMENT  2(97) • 2026

Figure 3. Moran’s I test results

The results obtained are generally comparable to the results of OLS regression. A direct com-
parison of the OLS coefficients with the average coefficients for the GWR-estimated model does not 
indicate any differences in the way individual attributes affect the transaction price. It should be 
noted, however, that the second method provides much more detailed information that may be useful 
for a better understanding of market mechanisms. This is related to the possibility of observing the 
spatial variability of coefficients for selected features. It is worth noting that in the case of four attri-
butes (x4, x9, x10, x11), the nature of their impact across the entire study area was significantly dif-
ferent (positive or negative). This phenomenon was not identified for the other variables, while the 
differences in the maximum and minimum values of the coefficients indicate a change in the strength 
of the influence of the analysed features within the study area (Table 4). In summary, the GWR results 
indicate the heterogeneity and complexity of the analysed phenomenon in the study area.

Table 4. Summary of geographically weighted regression (GWR)

Coefficient

 σ Min Max Med

Intercept 295.3011 34.8962 222.4631 382.2191 293.4240

x1 -0.0628 0.0245 -0.1142 -0.0350 -0.0522

x2 -0.0111 0.0263 -0.0598 0.0529 -0.0109

x3 0.0905 0.0243 0.0563 0.1227 0.0918

x4 0.0048 0.0071 -0.0093 0.0146 0.0049

x5 -0.0557 0.0511 -0.2063 -0.0014 -0.0402

x6 -0.0120 0.0130 -0.0364 0.0085 -0.0129

x7 -0.0248 0.0079 -0.0367 -0.0128 -0.0253

x8 -0.0071 0.0014 -0.0093 -0.0044 -0.0071

x9 48.2169 41.3426 -9.7556 113.7671 45.6352

x10 -7.7755 41.1043 -79.9359 32.1768 11.3517

x11 51.6862 85.0214 -56.5853 276.4476 9.4842

Number of observations 97

Multiple R-Squared 0.5187

Adjusted R-Squared 0.3634

AICc 1194.36
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Based on the results, it can be observed that the smallest spatial variability, as evidenced by the 
similar Min and Max values of the coefficients and their standard deviation among the analysed fea-
tures, occurs for feature x8 (Table 4).

Essentially, across the entire area, this variable had a negative impact on the transaction price, 
with the exception that in the case of properties located in the immediate vicinity of Poznań, this 
impact was slightly less significant compared to areas located in the southern part of the Mosina 
municipality. This phenomenon is entirely logical and results from the fact that in the case of proper-
ties located further away from the borders of a large urban centre (the southern part of the munici-
pality), potential buyers are more sensitive to this inconvenience compared to market participants 
looking for properties in the immediate vicinity of the city (Figure 4).

Figure 4. Local estimated coefficients for the feature: distance from Poznań

Figure 5. Local estimated coefficients for the feature: distance from protected areas
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The results for the attribute most relevant to the basic objective of this study also appear to be 
interesting. The impact of this feature (x4) is not uniform across the entire municipality, which con-
firms H1. It can be observed that the negative impact is clear in the western part of the municipality, 
within the WPN or in its immediate vicinity. In conclusion, this finding coisrroborate the validity of 
H2. With increasing distance (the central part of the municipality), this impact disappears, finally 
turning into a positive one in the eastern part. This relationship may confirm that people are gener-
ally interested in living in the vicinity of the park, but buying property inside or directly adjacent to 
the park may generate inconveniences, which is reflected both in the transaction price and in the 
analysis (Figure 5). Finally, this observation aligns with the assumptions underlying H3.

Discussion/Limitation and future research

The results of this study are largely consistent with the results of comparable studies in the field 
of property valuation and urban economics. First, they indicate a negative impact of distance from 
large urban centres on prices, which is confirmed by many earlier studies and is in line with the con-
cept of urban economics – bid-rent. The results obtained in this case are compatible with the findings 
of authors such as Alonso (1964) and Mills (1972), who determined that land values generally 
decrease with increasing distance from city centres due to higher transport costs and limited access 
to infrastructure and urban amenities such as workplaces, among others.

The complex relationship between property prices and access to WPN reflects the varied impact 
of natural amenities on property prices. This result is comparable to the findings of studies that have 
identified both positive and negative effects of proximity to national parks and protected areas. On 
the one hand, some of the analyses in the literature have proven that the proximity of such areas 
increases property values, primarily due to aesthetic and recreational benefits (Perry et al., 2021; 
Zhou et al., 2025). On the other hand, the identified negative impact of this feature on property prices 
located a short distance from or within a park is consistent with analyses that indicate that excessive 
proximity to protected areas may result in a decrease in property value due to restrictions on land 
use, a reduction in privacy due to increased tourist traffic, and increased interactions with wildlife, 
which often reduce the sense of security (Melstrom, 2021; Mamun et al., 2024; Koemle et al., 2019). 
The findings align with existing literature concerning areas that, while not legally protected, share 
similar characteristics, such as forests or urban parks (Wu et al., 2014; Yang et al., 2024; Iqbal & Wil-
helmsson, 2018).

The use of the GWR technique in this study to identify the heterogeneity of spatial relationships 
is consistent with modern econometric approaches used in real estate research. This method has 
been used in many contemporary studies to capture local differences in the impact of various factors 
on property prices (Huang et al., 2010; Dziauddin et al., 2017). Thanks to its application, it was pos-
sible to observe the multidimensional way in which environmental values influence market mecha-
nisms. This regularity was also observed in other studies, which demonstrated that the impact of 
natural attributes may vary depending on factors such as distance, accessibility and local context 
(Gibbons et al., 2014; Cellmer, 2012). The results obtained are an important contribution to the grow-
ing number of analyses of the spatial dynamics of property prices and the impact of natural values on 
property markets. Importantly, they highlight the importance of taking into account the local context 
and spatial heterogeneity in property valuation and spatial planning decisions.

It should be noted, however, that despite the advantages of the methodology used, it also has 
certain limitations in its structure. It would be interesting to define the criterion characterising access 
to the WNP in a different way, for example, by checking whether the property is located within the 
buffer zone (in the paper, only distance was included). Including additional attributes in the analysis, 
which characterise the property in a more precise manner, would allow for much more comprehen-
sive results. It could be very interesting to include in the study attributes that define the physical 
characteristics of the property itself, such as its shape or surface configuration. Their use could sig-
nificantly improve and enrich the results obtained, as confirmed directly by other studies (Troncoso 
et al., 2010; Guntermann & Thomas, 2005). Including these features in future studies would undoubt-
edly increase their value, so it is recommended that they be used whenever possible. In principle, the 
process of selecting variables is also subject to error. Although the attributes included in the analysis 
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were carefully selected, there is never any certainty that they are the most appropriate for the local 
market. Additionally, other limitations are related to both the selected spatial and temporal scope. 
The impact of attributes may change over time, extending the research period would increase their 
temporal universality. Finally, although the results are statistically valid and relevant to the selected 
research area, the conclusions cannot be directly transferred to other property markets.

Taking the above into account, future research on this topic should consider several additional 
aspects. Analysing trends over a longer period of time would make it possible to identify the lasting 
impact of protected areas on property transaction prices. Including different types of protected areas 
in the analysis is undoubtedly an interesting direction for further research. It would also be useful to 
check whether the perception of protected areas (which is reflected in the price) is the same across 
different age groups, as it seems that each of these groups has different priorities, which may lead to 
higher or lower costs for the purchase of real estate in the vicinity of protected areas. It would also be 
worth checking whether changes in the management of protected areas (due to political factors) and 
the intensification of threats resulting from climate change and the resultant change in the state of 
ecosystems in protected areas will also affect the prices of neighbouring properties. Ultimately, cross-
country studies could make a huge contribution to the literature on this subject, providing a realistic 
comparison of how different approaches to the management of protected areas and the very percep-
tion of such areas by culturally diverse communities affect property markets.

Conclusions

The analysis conducted on the impact of selected attributes, with particular emphasis on access 
to WPN, on the transaction prices of undeveloped investment properties allowed the following con-
clusions to be drawn:
•	 distance from Poznań is a statistically significant attribute influencing transaction prices, with 

properties located further away from the city limits achieving relatively lower prices,
•	 according to the results of OLS regression, it can be concluded that a greater distance of proper-

ties located within the municipality from the WPN boundaries results in higher transaction 
prices,

•	 the impact of the WPN is not uniform and is characterised by clear spatial diversity (H1): the 
western part of the municipality (inside or near the park): negative impact on prices, the central 
area: negative impact decreases, the eastern part of the municipality: positive impact on transac-
tion prices (H3),

•	 the results indicate the preferences of real estate market participants who, despite generally pre-
ferring to live near the park, find that properties located within or directly adjacent to it have 
lower transaction prices (H2) due to numerous inconveniences, such as, among others, the pres-
ence of wild animals, increased tourist traffic, building and legal restrictions, particularly within 
the park’s buffer zone,

•	 the results are a source of valuable information for property investors (both private and institu-
tional), urban planners, local government officials and politicians, highlighting the multifaceted 
interdependence between location, natural assets and property prices.
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ANALIZA WPŁYWU OBSZARÓW CHRONIONYCH NA CENY 
NIERUCHOMOŚCI NA PRZYKŁADZIE GMINY MOSINA

STRESZCZENIE: Celem badania było określenie wpływu dostępności Wielkopolskiego Parku Narodowego (WNP) na 
ceny nieruchomości niezabudowanych przeznaczonych pod zabudowę w gminie Mosina. Badanie przeprowadzono na 
podstawie danych transakcyjnych pozyskanych z Powiatowego Ośrodka Dokumentacji Geodezyjnej i Kartograficznej 
w Poznaniu. Dane wejściowe poddano analizie przestrzennej i statystycznej. Zasadnicza część analizy została wykonana 
z wykorzystaniem metody regresji najmniejszych kwadratów (OLS) oraz regresji ważonej geograficznie (GWR). Zastoso-
wanie narzędzi statystycznych pozwoliło znaleźć niezaprzeczalne dowody na to, że ceny analizowanych nieruchomości 
są związane z sąsiedztwem Wielkopolskiego Parku Narodowego, a sposób oddziaływania przedmiotowej cechy jest nie-
jednorodny w obrębie analizowanego obiektu co podkreśla złożoność analizowanego zjawiska. Główne wyniki badania 
techniką GWR wskazują, że bliskość nieruchomości do parku narodowego ma negatywny wpływ na jej wartość, przy 
czym współczynniki dla transakcji w bezpośrednim WNP wahają się od -0.0093 do -0.0006. Z drugiej strony, działki 
budowlane położone w dalszym sąsiedztwie obszaru prawnie chronionego charakteryzują się wyższymi cenami, co 
wynika z atrakcyjności lokalizacji, przy czym współczynniki te osiągają wartości dodatnie, sięgające maksymalnie 0.0146.

SŁOWA KLUCZOWE: nieruchomości, analiza regresji, ceny transakcyjne, Wielkopolski Park Narodowy


