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se giily those pricing factors that are mentioned in
astral Appraisal which leads to overestimation or

ample, soil quality, environmental health, proximity to waste storage,
owers, etc. The work consists of the following steps: substantiating the
omposition of local cadastral value factors, collecting qualitative and
quantitative values of cost factors ranking and normalizing the values of
factors, checking market data for compliance with the normal distribution
law, determining the type of functional dependence of prices on factors,
building a model for calculating the cadastral value, analyzing the quality of
a statistical calculation model. Approbation was carried out on the example of
garden and garden plots located in the Belgorod region of the Russian
Federation. The test results showed that the cadastral value model, which
included local factors, is statistically significant and better describes the market.

KEYWORDS

cadastral valuation, carbon taxes, land plot, financial development, cadastral value
Introduction

The coronavirus pandemic had an unprecedented impact on all areas of people’s lives:
the annual United Nations report says that COVID-19 has threatened the achievement of

sustainable development goals. At the same time, digitalization methods which has been
successfully used in management (Barykin et al., 2021a) and logistics and other fields
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made it possible to function and even develop such industries as Russia, a cadastral value is: a base of real estate taxation (Gabrielli
medicine (Barykin et al., 2021b), education (Vogelmeier, 2022) etc and French, 2020), a base of rent value calculation, redemption
in the state of lockdowns during covid-19 made possible of asssiting value during privatization for land plots; the basis for assessing
humen life. As the most promising industry today, the digital the effectiveness of the existing functional use of the territory, etc.
technology sector has captured and, in many respects, archaic The prospects for using the results of the cadastral valuation of
areas associated with the life cycle of real estate is required land are multifaceted, including analysis of factors affecting the
digitilaiton to reduce paper work conversely reduction of carbon sustainable development of the territory; siting of engineering
emission (Ahmad et al, 2019; Bygstad et al, 2022). Building facilities on private land plots (on a rental basis or land
informaiton modling (BIM) technologies are the most common easement), etc. Cadastral value can be used in the socio-
technoloigies used in the past for the development of design and economic sphere (Yang and Qiao, 2009; Kokot, 2011) and
working documentation for capital construction projects were therefore it should meet those tasks and the realities to which it
perceived as an innovation (Alfahad et al, 2022) now it is is directed. Kamwi and Mbidzo, (2022) analyzed the impact of
mandatory for all state order objects in Russia to follow the high vegetation cover on land values and by Wang and Li, (2019)
technologies in the building information and in landing estimated Beijing’s core area. As non-traditional methods of mass

management. The PropTech concept, developed by the appraisal, Wang and Li, (2019) highlighted the methods: decision
University of Oxford (Starr et al., 2020) has become widespread trees and random forest; artificial neural networks, nearest neighbor,
globally, offering radically new approaches to real estate acquisition, T

genetic algorithms, and support vectg e purpose of the study is

operation, and management. The main idea of PropTech is to use
digitalization methods to optimize, rethink and increase the
efficiency of all processes, one way or another, related to real
estate (Ali and Siniak, 2020; Kim and Kim, 2021; Ullah et al.,
2021). The concept includes such categories of IT platforms as
PropTech were explined in details of (Porter et al., 2019), ConTech
(Tagliaro et al., 2021) FinTech (Milanovi¢ et al., 2020; Mirchandani
etal, 2020; Moro-Visconti et al., 2020) and Internet of Things (Ullah
et al,, 2018; Wei, et al.,, 2022).

PropTech and other digitalization methods are widely use

e its quality; fourthly, to calculate the cadastral value of land
pare the resulted values with the market values and

in real estate valuation to identify factors that affect the cost dastral values (determined by assessors).

valuation since the calculation is Literature reivew
information and pricing factors th
(Melanda et al., 2016). Valier and Micell (2020) defined artificial neural networks,

The National Standard isal establishes the geodonic pricing models, spatial analysis, fuzzy logic, and integrated
list of pricing factors 2 : a) should use an autoregression models as non-traditional and advanced methods,
approximate list of jlstify the refusal to use propose a different classification. These methods are used in the

the proposed factor ctors if their influence was works of Yacim and Boshoff (2016); Hong et al. (2020) used the

>

revealed. However, an a is of cadastral (mass) appraisal practice random forest to evaluate urban real estate in South Korea. The
of land plots in the Rgpublic of Sakha (Yakutia), Voronezh, above methods are united by high accuracy, which can be achieved
Krasnodar regions, and other parts of Russia showed that only if two conditions are met: high qualification of the appraiser
assessors use only factors from the list of suggested pricing and a large amount of information, which limits the possibility of
factors given in the Standard. This is a significant problem their use. Yilmazer and Kocaman (2020) combined traditional and
because: when calculating the cadastral value, local features of the non-traditional mass appraisal methods in their work. They use
territory are not taken into account (Saull et al, 2020 and the machine learning based on multiple regression and random forest.
cadastral value model does not use pricing factors that directly Regardless of the methods used, all researchers agree that
impact the result (Muchovd, et al., 2018; Doszyn, 2021). This leads to good results can be achieved only if there is relevant, consistent
a significant discrepancy between cadastral and market values, and sufficient information about the objects being evaluated.
litigation, and incorrect taxation. Both citizens and the state Gnat, 2021. Notes an acute lack of market information for mass
suffer from the wrong determination of the cadastral value evaluation (Yilmazer and Kocaman, 2020). Reinert raises the
because it is the basis for calculating the land and property tax issue of the influence of the spread of observations on the results
(Gabrielli and French, 2020; Ullah et al., 2020). of mass assessment.

The study’s relevance is undeniable because mass valuation Digitalization methods make it possible to accumulate
results are used in most countries of the world for taxation. Just in information about real estate. Big Data has been successfully
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used in the management and valuation of real estate in China parcel size, ruralness, distance to Chicago and large cities and
(Wei et al., 2022), the United States (Barkham et al., 2022) and swine farm density (Barariska and Spiewak, 2021).

other countries. It collects information from the Internet, remote

sensing data, and the Internet of things. These technologies have

also had an impact on mass evaluation. They have significantly MethOdOlOgy

expanded the list of sources from which information about

pricing factors and market prices can be obtained. This study consider the methodology of the research on the

In Russia, the practice of accumulating information about basis of mass valuation approaches. Land valuation for socio-
real estate is at the stage of initial growth. Today there are only economic purposes is quite diverse. The actual demand function
scattered sources of information about real estate. For example, can be determined for each characteristic of real estate, up to a
information about the real estate market is presented on real quantitative assessment by the method of multivariate analysis
estate listing sites; information about rights, nearby objects, and (Mishra et al., 2022). The evident advantage of regression is the
the real estate characteristics is on the Public Cadastral Map, in ease of implementation and interpretation of the results. The
Land use and development rules, on master plans for resulting models well describe the values of the farmland. The
municipalities, on SAS. Planet; characteristics of water bodies procedure for determining the cadastral valu is represented in a
- in the information system “State Water Register”; data on technological scheme Figure 1. Exploring the technology of work,
indicators of soil fertility, reclaimed lands, agricultural fields it becomes evident that market a and compiling a list of

affected by fires - in the Unified Federal Information System
on Agricultural Lands, etc.

Marona and Tomal, (2020) noted that, unfortunately, real
estate listings often accumulate characteristics of real estate
objects that are wunreliable. For example, according to
appraisers, for St. Petersburg, about 30% of real estate listings
contain untrue information. Moreover, the use of information
from different sources can lead to a contradiction in the
characteristics of objects.

At the same time, the variety of sources allows researchers
analyze the influence of factors that could not have bee pnsidered to be factors that can be identified directly on the
previously considered. Arum and Fukuda, (2024 ypraised territory (soil quality, ecological condition, proximity
impact of the railway network significantly g i to waste storage sites, cell towers, etc.).

widely study impact of soil q Results and discussion
Maly (2022) study is dev
climate change on soi e, Podhrazska et al. The Belgorod region is an industrial and agricultural region

nsequences of land located in the southwest of the European part of Russia, which is

degradation. The 1 plot size on price was located mainly in the forest-steppe zone. Chernozems
investigated by Lin a ivans, (2000); Ritter et al. (2020). predominate in the soil cover. Abundant arable lands
Effect of urban proxi was studied by Aziz and Anvar characterize the Belgorod region; rugged relief and low forest

(2020) and Tione and Holden, (2020). Monitoring the state of cover (10% of the total area).

land resources, during which the quality of soil and plants is A combination of facts dictates the choice of garden lands as
assessed, assessment of the spatial distribution of waste storage an object of study: Firstly, the vast majority of applications for
sites (Malyshkov et al., 2019), their impact on soils (Sarapulova, revision of the cadastral valuation results were filed about land
2020) as well as the study of the terrain (Ulbl and Smodis, 2019) plots as show in Figure 2.
and environmental state of the territory has recently been the Secondly, on the territory of the Belgorod region, there are
subject of a sufficient number of works. about a thousand gardening associations (within which there are
All of the above studies prove the influence of the factors to about 150 thousand land plots), whose members in 70% of cases
which they are devoted. However, very few researchers have are seniors, large and/or young families, so the question of the
attempted to assess the multifaceted nature of the pricing factors objectivity of the results of determining is significant. Regression
of land plots. Huang, Miller, Sherrick, and Gomez found that the analysis was used to model the influence of local pricing factors
cost of farmland is affected by the influence of such pricing on cadastral value. The sequence of the modeling procedure is
factors as soil productivity, population density, personal income, shown in Figure 3.
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Preparatory work: obtaining, processing, and supplementing the list of appraisal objects

J L

Analytical work: market analysis, identification of hidden cost factors, preparation of a list of pricing

4 L

Working with market information: collection, analysis, verification for reliability, the ntroduction of
adjustments

4 L

Collection of values of pricing factors

L

Estimated zoning

J L

Determination of cadastral value by mass valuati e

FIGURE 1

Technological scheme of the procedure for determining the cadastral value of

TABLE 1 Grouping of pricing factors of the cadastral value.

Group of factors Description

External environment social, economic, and politi
factors indirect impact on the
revenueetc.

location factors proximity of

=]
o
=3
o
=}
=
=
o
2

real estate physical
characteristics factors

As a territory of appgatsal, five gardening associations of the
Belgorodsky district of the Belgorod region (Severyanye, Rassvet
VOS-2, Domostroitel, Zelenaya Roshcha, and Zarya). The
cadastral valuation of these territories was carried out in 2018.
Then the assessors chose the pricing factors: the distance to
Belgorod city, to the regional center, to the forest; the number of
public transport trips per day, the gas supply, and the type of road
surface. At the same time, such local factors as the distance to the
railway station, soil quality, relief, presence of building on land
plot, water supply sources, and remoteness from waste storage
sites were not taken into account. The proposed local factors
should be taken into account because:

1) Distance to the passenger railway station: the transport
accessibility of gardening territories located outside the
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FIGURE 2
Statistics of changes in the cadastral value of land plots in
court for the period from 2014 to 2020. Source (Authors’ data).

cities directly depends on the railway connection. Railway
transport is the only way to get outskirts without private
vehicles. In most cases, choosing a land plot potential buyers
will prefer an object close to railway stations or bus stops.
Soil quality: since one of the main uses of garden land plots is
the cultivation of potatoes, fruits, berries, vegetables, melons,
and other crops, soil quality is important. The preliminary
analysis of market data showed the impact of the quality score
on the price of land plots as shown in Figure 4.
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Building a model for calculating the cadastral value Histogram of changes in the market price for land plots
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depending on the quality of soils.

s

Quality analysis of the statistical model for calculating the ca-
dastral value

FIGURE 3
The procedure for modeling the cadastral value of
horticultural land plots.

Relief: Relief in gardening is a factor in the moisture
redistribution, that affects the choice of crops for
cultivation, the organization of anti-erosion measure
therefore, land plots located in flooded lowlands are muc Department of environmental safety of the Belgorod region;
less in demand than dry plots in the same lo Materials accumulated in the SAS. Planet software package;
Presence of a building on land may sigai Results of natural surveys;

the price of a land plot, therefor i Thematic maps.

cadastral value, the building's . Thematic maps have been prepared to determine the values
of soil and landscape factors. Figure 6 shows a map of soil types
on information about adf4 ares of land for one of the gardens in Belgorod municipal district.

plots in the compggiti cal estate objects were As the market data for modeling was used information on
ent, in the presence of offer and transaction prices of 420 land plots. After the exclusion
projects, the share is of outliers, the sample consisted of 399 units. Five units of market

determined in the @ount of 0.31. information were left as a control sample. The need for pricing

Water supply: Engip€€ring support of land plots always factors coding arises due to their diverse nature: both quantitative
matters for buyers. Water is used for drinking needs, for and qualitative factors can influence the cost. For coding can be
technical purposes, for systematic watering of plants, etc., used such formalization methods as ratio scale, ranking,
therefore, the availability of a water source is an extremely normalization, binary scale, etc. The coding of the values of
important price-forming factor. qualitative pricing factors with the expression of these values in
Remoteness from the place of waste storage: during terms of quantitative variables was carried out by ranking
planning of gardening territory, places for the storage of (Huang et al., 2006) (dividing their values into ranges and
waste and garbage are provided. Land plots that are close to assigning them a range of ordinal numbers - ranks).

those places are cheaper, because of unpleasant odors, the If there were close values, they were assigned the same rank
appearance of animals hazardous to health (rats, value. Due to the binary nature of the values “Type of road
hedgehogs, snakes). Figure 5 shows a graph of the surface”, “Relief”, “Presence of a building”, “Presence of a well”,
dependence of the market price on the distance to the coding was reduced to assigning discrete values of 0 and 1. Since
places of storage of waste, which shows that the price using several methods (linear regression) and criteria (Student’s
increase occurs when moving away from the places of t-test) is possible only in the case of a normal distribution of
waste storage. values, a necessary step is to check market data and the values of
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FIGURE 6
Thematic map &
municipal district.

gardens in Belgorod

pricing factors for compliance with the normal distribution.
Visual analysis and checking for compliance with the normal
law of distribution of prices for land plots and the values of
pricing factors referred to Table 2 indicated that there is a linear
form of functional dependence between pricing factors and the
market value of land plots; secondly, the distribution of these
quantities obeys the normal distribution law.

The determination of the cadastral value is carried out using
statistical models, among which there may be linear, multiplicative
and exponential. The choice of the type of functional relationship is
carried out as a result of a visual analysis of the relationship between
pricing factors and market data and the determination of correlation
coefficients (Huang et al., 2006).
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TABLE 2 p-values according to the Kolmogorov-Smirnov goodness-
of-fit test.

Factor notation Factor name p-value
Y Market price 0.36
X1 Distance to the nearest settlement 0.22
X2 Distance to the reservoir 0.02
X3 Distance to the forest 0.05
X4 Type of access road surface 0.15
X5 Distance to the railway station 0.07
X6 Soil quality 0.18
X7 Relief 0.02
X8 Presence of a building 0.08
X9 Presence of a well 0.12
X10 Distance from waste storage sites 0.05

e 3 is a correlation

lained by the fact that due to a large number of so-called
ps”
garbage of unknown origin and, for example, the content of a
high pH level in it, the quality of the soil deteriorates over time.

on the territory of garden associations, discarded

There are no visible reasons explaining the mutual correlation of
the factors “Distance to the railway station” (X5) and “Soil
quality” (X6), therefore their influence on the result was
revealed in the process of constructing a regression model by
the method of successive inclusion of factors. This method allows
you to select from the possible range of variables only those that
improve the quality of the model and not resort to the
transformation of collinear factors by the method of principal
components.

Due to multicollinearity and analysis of the correlation
coefficient (0.20) with the market price, it was decided not to
include the factor “Distance to the railway station”. The sequence
of inclusion of factors in the multiple regression is due to the
tightness of the relationship with the market price for land plots.
The model parameters are calculated using the least-squares
method. In the case of linear regression, the parameters are
found from the solution of a system of linear equations; when
building a non-linear model, the data is preliminarily linearized.
Currently, these operations are performed automatically, in
Microsoft Excel, Statistica, R Studio, etc, or specialized
software products for determining the cadastral value, for
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TABLE 3 Pair correlation coefficients.

Y X1 X2 X3 X4
Y 1 — — —
X1 0.94 1 — —
X2 0.38 0.32 1 — —
X3 0.54 0.50 0.16 1 —
X4 0.29 0.27 0.05 0.19 1
X5 0.20 0.29 0.16 0.16 0.10
X6 -0.23 -0.21 =0.11 —-0.15 -0.05
X7 0.48 0.44 0.57 0.29 -0.20
X8 -0.16 —-0.13 -0.08 -0.09 -0.10
X9 0.36 0.33 0.38 0.10 0.01
X10 -0.42 -0.37 -0.22 -0.27 -0.06

RETRACTED ON 07 AUGUST 2025

10.3389/fenrg.2022.982976

X5 X6 X7 X8 X9 X10
1 — — — — —
-0.82 1 — — — —
0.13 -0.11 1 — — —
—0.54 0.52 0.00 1 — —
022 0.17 0.42 0.17 1 —
-0.84 0.81 -0.26 0.51 0.16 1

As can be seen from Table 3, the factors X5 “Distance to the railway station”

TABLE 4 Analysis of the quality of the resulting model.

The name of Value
the criterion for

assessing the quality

of the model

Determination coefficient 0.96
Adjusted Coefficient of Determination 0,92

Fisher criterion (calculated)
Fisher’s criterion (tabular)
Average approximation error, %
Student’s t-test (X1 - distance to the nearest settlement)
Student’s t-test (X2—distance to the waterbody)
Student’s t-test (X3—distance to the forest)

Student’s t-test (X4—type of road surface)

Student’s t-test (X6—soil quality)

Student’s t-test (X7—terrain) 3.19
Student’s t-test (X9—wate; 3.55
Student’s t-test (X10 the pla aste storage) —4.50
Student’s t-test (crit) 1.73

example, in MassVal. The use of software allows to avoid
technical errors and reduces work time.

During modeling, were controlled: 1) the values of the
coefficient of determination were controlled; 2) the statistical
significance of the coefficients (p-value (no more than 0.05) and
t-statistics (more than 3). As a result of the inclusion of the factor
“Presence of building” in the model, the quality of the model
deteriorated, therefore the resulting composition of pricing
factors in the model of the cadastral value of land plots
included: X1, X2, X3, X4, X6, X7, X9 and X10.

The final equation of the dependence of the cadastral value of
a land plot on pricing factors has the form:

Frontiers in Energy Research 07

- X6 “Soil quality”,

, X5 -X10 “Remoteness from waste disposal sites” and X6 - X10 are multicollinear.

Y =36.99 +3.29.X1 + X4 +0.29.X6

(1)

X7—terrain relief; X9—the

accordance with the current practice of cadastral
uation, to analyze the quality of the final model, it is
necessary to use the following criteria: taking into account
all potentially influencing pricing factors; substantiation of
signs at the coefficients of the model; Student’s t-test; average
approximation error, coefficient of determination, Fisher’s
F-test (Malyshkov et al., 2019).

Analysis of the coefficients shows a direct relationship
between the dependent variable (the specific indicator of
market value) and the factors X1-X4, X6, X7, X9. At the same
time, the distance from the place of waste storage has an inverse
effect. In addition, this correlates with the results of visual data
analysis. The resulting values of other model quality criteria are
shown in Table 4.

The coefficient of determination (R2) shows the share of
the variation of the resulting indicator due to the variation of
the factor. This indicator ranges from 0 to 1, and its value is
the better, the closer it is to 1. In the given model, it is equal to
0.96, which indicates the preliminary suitability of the model.
The adjusted R2 corrects for the number of degrees of freedom
and equals 0.92.

Fisher’s criterion allows to evaluate the significance of the
entire regression equation as a whole, for this you need to
compare the obtained value of the criterion with the table.
Under given conditions, Fcrit < Fcalc, which proves the

frontiersin.org
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TABLE 5 Checking the predictive ability of the model on the control sample.

Selection X1 X2 X3 X4 X6 X7 X9 X10 Area, Market Calculated Ratio
element M2 price, cadastral
rub/ value,
sq.m rub/sq.m
1 3.90 5.63 5.07 1 60 0 0 03 810 64.39 69.03 11
2 223 1.53 135 0 60 0 0 03 357 57.50 58.14 1.0
3 217 1.47 1.32 0 60 0 0 03 472 57.26 57.92 1.0
4 3.36 1111 5.59 1 58 0 0 03 550 62.67 68.09 11
5 1.26 4.06 0.86 0 60 0 0 03 600 53.44 55.09 1.0

TABLE 6 Budget revenues from land plots in control sample.

Selection element ~ Area, M2  Market price,  Calculated cadastral ~ Current cadastral ~ Tax rate = Budget income,

rub/sq.m value, rub/sq.m value, rub/sq.m (%) rub
1 810 64.39 69.03 30.47 167,74
2 357 57.50 58.14 27.84 62,27
3 472 57.26 57.92 28.83 82,01
4 550 62.67 68.09 26.5 112,35
5 600 53.44 55.09 99,16

statistical significance of the resulting equation. Calculation 4
the average approximation error (A) makes it possible tg estimaté

! % dicted

and the model has sufficient predicti the Conclusion

e ning of budgets. For example, the cadastral value
ined in this study will allow a fair increase in budget

the difference between the actual cost values and révenues by an average of 46 percent is shown in Table 6.

by the model. Since the error does not e

reliable if its calculated cal one. This The world practice of determining the value of real estate
condition has been to calculate the amount of tax has a rich history and practice.

The only sit ig€ns and the state will be In Russia, the cadastral value as a basis for determining the
satisfied with the

maximum approximat!

lon is in the case of its amount of land tax is a relatively new tool: although the first
to, the market value. That is why it attempts to implement it were in 1996, the full transition to

is necessary to compare fhiese two costs during mass appraisal. such a practice was enshrined in law only in 2017 and
There is no such requirement in The National Standard, but it is implemented everywhere - in 2020. That is why we can
in The Standard on Ratio Studies, which sets the accuracy of the conclude that the legal and methodological support of the
mass assessment described by the formula: cadastral valuation and the practice of its implementation are
C at the stage of formation. One of the areas that made it possible

Ratio = = 0.9~ 1.1 (2 to improve the results of the cadastral valuation qualitatively -

ket and, therefore, to increase budget revenues and reduce social

Where C.,4.s,—Specific indicator of the cadastral value of a land tension - is to take into account local pricing factors. In this
plot, rub/sq. m; Cmarket-market price of a land plot, rub/sq. m. study, a model was developed for the cadastral value of land
To compare the market price with the results of research plots located within the garden and garden land of the
comparative analysis of the quality of the model was made using Belgorod district of the Belgorod region: Severyan, Rassvet
the control sample Table 5. VOS-2, Domostroitel, Zelenaya Roshcha and Zarya, taking
A correct cadastral valuation make it possible to move into account local price-forming factors. The resulting model
towards stable and predictable taxation, which allow for allows to determine the cadastral value of land plots as close as
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possible to the market value (average ratio 1, 04), which allows
to maintain a balance of interests of the state and citizens.
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