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Directly evaluating the effectiveness of urban planning is a challenging task. However, if its influence
on the real estate market can be demonstrated, this opens up the possibility of improving territorial
management mechanisms and enhancing the effectiveness of urban planning decisions. Based on this
premise, the aim of the study is to assess the impact of urban territorial planning on real estate pricing
using a statistical and geoinformation approach. The research was conducted based on 949 real estate
sale and rental advertisements in the city of Irpin, Kyiv region. Data collection was carried out
through web scraping using Python (libraries BeautifulSoup, Requests, Selenium). Geographic
coordinates were obtained for 176 properties through geocoding with Google Maps. The analysis
employed descriptive statistics, correlation and regression analysis, as well as GIS technologies
(QGIS and the kriging method for spatial interpolation). The study considered both non-spatial factors
(area, number of rooms, renovation) and spatial factors (distance to parks, landfills, and green spaces).
Statistically significant effects were observed for some non-spatial factors, particularly renovation.
Spatial factors did not show significant relationships, which can be explained by their relatively
uniform distribution across the city. The application of the kriging method also did not reveal clear
spatial patterns. The findings demonstrated the dominant role of non-spatial characteristics in shaping
real estate prices compared to spatial factors of urban planning. The practical significance of the study
lies in the potential for a comprehensive statistical and geoinformation approach to support decision-
making in urban planning and the real estate market.
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Introduction

In the contemporary environment, effective urban territorial planning is a key factor in sustainable
urban development. One important aspect is to understanding how spatial characteristics of the urban
environment influence the real estate market. Real estate prices often reflect not only economic and
social factors, but also the results of previous management decisions regarding land use,
infrastructure, and urban improvement.

In this context, a statistical-geoinformation approach becomes a powerful tool for assessing the
impact of urban planning on pricing trends in the real estate market. The application of Geographic
Information Systems (GIS), such as QGIS, enables the creation of multidimensional models for
studying the effectiveness of territorial planning, including through evaluating their impact on real
estate pricing.

Many researchers have conducted studies in this area. The work by researchers (Koshkalda et al.,
2023) examines the economic and ecological aspects of land resource utilization in the context of
sustainable development, providing valuable insights for studying the impact of urban territorial
planning on socio-economic indicators. Other studies focus on global real estate market trends and
their effects on financial stability and economic development, which can inform the analysis of factors
influencing housing price formation (Nijskens et al., 2019). The influence of urban parks and green
spaces on housing prices has also been assessed in the context of ecological health, highlighting the
importance of incorporating spatial and environmental factors into urban planning (Chen et al., 2022).
Additionally, the effects of housing prices and land financing on economic growth in 277 Chinese
cities have been analyzed, offering relevant evidence for examining the relationship between the real
estate market and urban planning (Sun et al., 2024).

Hedonic models that incorporate spatial autocorrelation indicate that real estate prices are shaped by
both structural characteristics and environmental quality, although non-spatial factors often exert
stronger effects (Lo et al., 2022). Positive effects of proximity to green spaces on real estate prices
have been observed, but these effects vary depending on the type of park, distance, and the
methodology used to measure accessibility (Wu et al., 2017). In many cases, ordinary regression
models (OLS) are insufficient due to the presence of spatial autocorrelation, which can lead to biased
or inaccurate estimates. Therefore, the application of spatial regression models is recommended
(Deppner & Cajias, 2022). Furthermore, property prices can be influenced by the prices of
neighboring units (spatial lag effect), as buyers often reference recent transactions in nearby locations,
creating spatial dependence (Wang et al., 2019).

Method

The main aim of the study is to evaluate management decisions regarding the organization of
settlement territories based on their impact on real estate pricing. In our study, we selected the cost per
square meter of real estate and distance to ecological objects as key criteria for analyzing the
relationship between urban territorial planning and real estate prices. The cost per square meter is a
standardized and widely used indicator in market research.

Mathematical methods applied in the study: descriptive statistics; correlation analysis (Pearson
correlation coefficient, p-values for determining statistical significance, correlation matrix); regression
analysis; grouped statistical analysis (data aggregation by categories, comparative analysis of mean
values, stratified analysis); model quality assessment methods (Root Mean Square Error, coefficient
of determination, Cross-Validation); data visualization.

GIS methods: kriging as the main method of spatial interpolation; variogram analysis (experimental
variogram, variogram modeling using spherical, exponential, and Gaussian models, parameters:
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range, nugget effect); spatial interpolation (Smart-Map for building interpolation maps); spatial
distance analysis; cartographic visualization.
Results

It should be noted that obtaining current data on specific real estate transactions with addresses in
sufficient quantities for generalizations at the level of a large settlement is a significant problem due
to restrictions related to commercial secrecy and personal data protection. Large companies share
addresses in advertisements, while private individuals leave only contact information for security
reasons. In case of limiting the research territory to only part of a settlement, result distortion may
occur due to the lack of complete coverage of the impact of management decisions on the real estate
market.

Given these limitations, an alternative approach was chosen — using data from real estate sale and
rental advertisements. Although price and value are not identical concepts, statistical analysis of price
offers can reflect effects caused by planning decisions and spatial characteristics of the city. In the
first part of the study, the Python programming language was applied together with powerful libraries
for web scraping to collect data from real estate sale and rental advertisement platforms. Specifically,
BeautifulSoup and Requests libraries were used for parsing HTML pages, as well as Selenium for
interacting with dynamic web pages that require JavaScript execution.

In total, information was collected from 949 advertisements in the city of Irpin, Kyiv region, covering
various types of real estate objects. After cleaning the data from information noise, the objects were
classified into four subgroups: apartment sales (644), house sales (172), premises sales (40), and
rentals (66) of various types of real estate. For 176 collected objects (apartment sales — 124, house
sales — 35, rentals — 17), geographic coordinates (latitude and longitude) were determined through
address geocoding using Google Maps. In the land plot category, a small number of objects were
identified, characterized by high variability due to their belonging to different categories of intended
use — specifically agricultural, residential, and industrial. As a result, due to the small number of
observations, it was decided not to include them in further analysis to avoid statistical irrelevance.

Within our study, each group of real estate objects was tested for the influence of non-spatial factors
such as: area, number of rooms, presence of renovation. Additionally, for those objects for which
coordinates were determined, we conducted GIS research. Spatial factors were analyzed: distance to
objects that potentially increase price (parks, squares, boulevards, green plantings, gardens,
sanatoriums), as well as to objects that may decrease price (landfills, destroyed territories, industrial
zones, abandoned wasteland).For these spatially geocoded objects, kriging was performed to detect
spatial dependence of price per square meter of real estate. It was tested whether management
decisions on urban space planning (i.e., those dependent on spatial factors) have as significant an
impact as non-spatial factors (area, number of rooms, renovation condition).

Within the conducted study, several dependencies between real estate characteristics and price per
square meter were identified using statistical methods for different groups. For the apartment sales
group, a weak negative correlation (r = —0.277) was found between the number of rooms and price per
square meter, indicating a tendency for price to decrease with an increasing number of rooms;
however, the p-value (0.1899) suggests this relationship is not statistically significant. The area had a
very weak positive correlation (r = 0.186) with price, but this correlation was also not statistically
significant (p = 0.6901). Meanwhile, the presence of renovation demonstrated a strong positive
correlation (r = 0.624), confirming a significant impact of renovation on increasing the price per
square meter; the p-value (0.0011) indicates the statistical significance of this result.

In the house sales group, the number of rooms practically had no effect on price (r = 0.0036), and area
had a very weak positive correlation (r = 0.0968), also without statistical significance. The most
notable factor was the presence of renovation, showing a moderate positive correlation (r = 0.5032),
with the p-value confirming the statistical significance of this result.
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For the rental group, the area showed no significant correlation with rental price per square meter,
while the presence of renovation had a small positive effect, indicating a tendency to increase rental
value in renovated properties.

Further analysis focused on spatial factors related to land use planning. Using the QGIS software
environment, relevant objects were loaded in vector format, and distances to them were measured (see
Fig. 1).. Statistical analysis showed no statistically significant influence of object location on real
estate price. Specifically, the correlation between price per square meter and minimum distance to
positive factors was about 0.013, and to negative factors about —0.027, indicating very weak
dependencies. At the same time, it was found that objects with positive and negative influences have a
substantial correlation between themselves (r = 0.78), likely due to spatial arrangement specifics
within the city of Irpin.

Figure 1. Map of real estate properties for sale or rent in Irpin city. Created in QGIS. Real estate
properties are marked in red. Objects that likely increase real estate prices—such as squares, parks,
boulevards, sanatoriums, areas with tall trees, and gardens—are shown in blue. Objects that likely
decrease real estate prices—such as neglected areas, ruined buildings, landfills, and industrial
zones—are marked in gray

Such a coincidence may be explained by the fact that negative elements (for example, ruined
buildings or landfills) are distributed more or less uniformly, similar to parks or areas with tall trees.
The quantity, area, and distance vary, but the spatial arrangement is approximately uniform (see Fig.
1). These circumstances may result in the overall spatial effect not yet manifesting statistically.
However, in the future, when the negative structures are removed and the territories undergo
recreation, positive effects may gain statistical significance.

The next stage of the study involved applying the kriging method to identify spatial patterns in the
price and rent per square meter of real estate. However, despite using the QGIS plugin "Smart-map"
to build an interpolation map of the price per square meter of real estate objects, no visual patterns
were detected. For example, in the largest group, "apartment sales," the Root Mean Square Error
(RMSE), which measures the average prediction error, is 19,243.591, which is quite high and
indicates a significant model error. The coefficient of determination (R?), which shows the proportion
of variability in the observed data explained by the model, is 0.043, meaning the kriging model
explains only 4.3% of the data variability—a very low value. This indicates that the model has
practically no explanatory power for these data, which may be due to several factors: weak spatial
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correlation, high price variability, uneven data distribution, or interpolation parameters. Real estate
prices may strongly depend on other factors not accounted for in our model or map.

Conclusions

Within the scope of the study, a comprehensive analysis was conducted to assess the impact of both
non-spatial and spatial factors on real estate prices in the city of Irpin. The application of statistical
methods and geoinformation technologies made it possible to identify findings that may be useful for
evaluating the effectiveness of urban planning.

Statistical analysis showed no significant relationship between real estate prices and proximity to
parks, landfills, or other similar features in Irpin. The application of the Kriging method to detect
spatial patterns in real estate values did not yield clear results. This may indicate that property prices
in Irpin do not exhibit pronounced spatial clustering, or that there are other factors not considered in
the study that influence value.

Overall, the research underscores the importance of a comprehensive approach to analyzing the
relationship between urban land-use planning and real estate prices, which can contribute to more
effective management of urban development and to informed decision-making in urban planning.

References

Chen, K., Lin, H., You, S., & Han, Y. (2022). Review of the impact of urban parks and green spaces
on residence prices in the environmental health context. Frontiers in Public Health, 10.
https://doi.org/10.3389/fpubh.2022.993801

Deppner, J., & Cajias, M. (2022). Accounting for spatial autocorrelation in algorithm-driven hedonic
models: A spatial cross-validation approach. The Journal of Real Estate Finance and Economics.
https://doi.org/10.1007/s11146-022-09915-y

Koshkalda, I., Dombrovska, O., Shevchenko, O., Oriekhova, A., & Kramar, 1. (2023). Evaluation of
economic and environmental changes for the use of land resources in the sustainable development

context. Review of Economics and Finance, 21, 1010-1017.
https://doi.org/10.55365/1923.x2023.21.111

Lo, D., Chau, K. W., Wong, S. K., McCord, M., & Haran, M. (2022). Factors affecting spatial
autocorrelation in residential property prices. Land, 11(6), 931.
https://doi.org/10.3390/land 11060931

Nijskens, R., Lohuis, M., Hilbers, P., & Heeringa, W. (Ed.). (2019). Hot property. Springer
International Publishing. https://doi.org/10.1007/978-3-030-11674-3

Sun, Q., Javeed, S. A., Tang, Y., & Feng, Y. (2024). The impact of housing prices and land financing
on economic growth: Evidence from Chinese 277 cities at the prefecture level and above. Plos
One, 19(4), Crarts €0302631. https://doi.org/10.1371/journal.pone.0302631

Wang, W.-C., Chang, Y.-J., & Wang, H.-C. (2019). An application of the spatial autocorrelation
method on the change of real estate prices in taitung city. ISPRS International Journal of Geo-
Information, 8(6), 249. https://doi.org/10.3390/ijgi8060249

Wu, C, Ye, X., Du, Q., & Luo, P. (2017). Spatial effects of accessibility to parks on housing prices in
Shenzhen, China. Habitat International, 63, 45-54.
https://doi.org/10.1016/j.habitatint.2017.03.010

International Conference of Young Professionals “GeoTerrace-2025”
6-9 October 2025, Lviv, Ukraine



