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SUMMARY

Mass (cadastral) monetary valuation of land is one of the most relevant and crucial tasks in Russia
and Commonwealth of Independent States (CIS) countries. This study aimed to analyze the feasibility
and advantages of conducting cadastral monetary valuation of urban land using GIS technologies. The
presented research, employing the content-analysis method and experts’ survey, reviewed key
theoretical concepts related to the use of GIS technologies in land valuation. Moreover, it proposed an
algorithm for classifying cadastral monetary valuation of urban land with GIS application, identifying
the key activities where GIS technologies significantly enhance the land valuation. The study found
that strict adherence to requirements and standards by executors and using GIS technologies in land
valuation ensures the following: a) comprehensive information about the state land cadaster; b)
timely and high-quality service delivery; and c) optimization of the workforce involved in land
management and valuation. In conclusion, in the monetary valuation of urban lands, GIS technologies
offer significant advantages, including automation, reduced project timelines with improved quality
documentation, unlimited reproducibility of valuation results, and standardization of project materials.
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Key findings: In the cadastral monetary valuation of urban lands, the integration of GIS technologies
enhanced efficiency and accuracy. It automates data processing, reduces project completion times,
and makes it more beneficial for optimizing land management and valuation processes.

INTRODUCTION

Mass (cadastral) monetary valuation of land
serves as an integral characteristic that
encompasses quantitative, qualitative,
economic, legal, regional, and other indicators
of land. In wurban areas, it provides a
foundation for systematization of data at the
general accounting level and for specific land
districts (Ivanov et al., 2019). Additionally, it
facilitates the factual determination of rental
rates for individuals and legal entities and
planning for current and future layouts
(Epishina and Nikolaev, 2008). Cadastral
monetary valuation establishes the regulatory
framework for land and property relations and
determines a tax base for property taxation
(Nosov and Bondarev, 2013).

Currently, most land management and
valuation documentation developers primarily
utilize GIS technologies for graphical
representation of existing data (Tyrova and
Kutliyarov, 2017). Past studies enunciated that
geographic information technologies in land
valuation in Russia revealed most
organizations  still rely on traditional
technologies, wusing computers only for
technical documentation (Kudinova and
Andreeva, 2012). The said situation stems
from several factors, including a lack of
necessary software and technical infrastructure
within organizations responsible for land
valuation projects in urban areas (Yarotskaya
and Patov, 2016), insufficient funding for such
projects (Zelman, 2017), and a low level of
geoinformation literacy (Khodakovsky, 2016).
Therefore, the regional and local Iland
management bodies mainly receive
customarily executed projects, consisting of
paper maps of economic-planning zones and
the zones affected by local environmental
factors (Pylaeva, 2020). This considerably
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complicates the valuation of lands in medium
and urban areas (Kotlyarov, 2012).

For data processing, the design of
modern information technologies served to
solve well-structured tasks with known
input/output data and establish the algorithm
procedures (Baranovich and Chichkalo, 2023).
Such developments sought to automate
routine, repetitive tasks in both professional
and managerial workflows, applied at the
operational level of personnel activities
(Pylaeva and Emelyanova, 2016). Therefore,
the implementation of current information
technologies at this level significantly enhanced
the work quality and personnel productivity,
reducing the burden of routine tasks and
optimizing qualified staff involved in preparing
land management and valuation
documentations (Kurakpayev and Mashanov,
2016).

This article aimed to analyze the
feasibility and advantages of conducting
cadastral monetary valuation of urban lands
using GIS technologies. This article attempted
to answer the two research questions: a) What
is the algorithm for cadastral monetary
valuation of wurban land using GIS
technologies? and b) What are the main
activities involved in land valuation using GIS
technologies?

Literature review

The systematic geographic information system
(GIS) allows combining a model representation
of a territory (electronic representation of
maps, schemes, satellites, and aerial images of
the Earth's surface) with statistical data and
economic indicators (Raklov, 2011). It is a
computer-based system that enables the
storage, editing, analysis, and visualization of
geographic data (Karpik, 2014; Sagandykova
et al., 2024).
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Land valuation projects utilize the
quantitative and qualitative characteristics, soil
quality maps, cadastral zoning maps, master
plans, and urban planning and development
projects. The valuation projects also consider
historical, cultural, functional, sanitary-
ecological, and engineering-geological zoning
(Ivanenko, 2009; Makhotlova et al., 2021). By
performing a valuation of an individual land
plot (as an ultimate goal of valuation), using
GIS includes the available electronic map of
the urban area (vector or raster) (Beshentsev,
2022), graphic data on zoning, local factors
influencing zones, arable soil groups
(Zhunisova, 2021), and data based on land
registration systems (Yarotskaya and Patov,
2017; Mustafayeva et al., 2024).

With available data, the system user
can determine the value of land plots with
different functional uses at any point on the
urban area’s electronic map, listing the local
factors influencing the valuation (Akbasheva
and Shafieva, 2018; Abbas et al., 2023).
Similarly, it can formulate the value of an
unoccupied polygon, considering its location
relative to influencing factors (Simakov et al.,
2022), and determine the land plot value
owned by a legal person. With a database, one
can generate a valuation report (Karmanov et
al., 2015; Chowhan et al., 2023).

End-to-end geoinformation
development ensures information sharing
among participants primarily involved in
electronic  form, using computer-based
methods for recording the initial data and
valuation results during execution (Makarova
et al., 2018) and transmitting results to land
resource management and tax administration
authorities (Tyrova and Kutliyarov, 2017;
Vasilyev et al., 2023). This technology enables
the efficient use of land valuation results for
automated calculation of land payments based
on its functional use and local influencing
factors, as well as monitoring of monetary
valuation and forecasting budget revenues in
land payments (Nguyen et al., 2021).

The GIS advantage in land valuation
lies in time savings, as well as in its ability to
integrate with other urban planning tasks, such
as master planning and urban land
privatization schemes (Makhotlova et al.,
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2022). The GIS technology used in the urban
land valuation highlights significant
advantages, including the automation of these
tasks and its application-related benefits
(Akhmedova, 2019). These advantages
manifested in a 2-to-3 times reduction in work
completion time (Vasiliev, 2016), improved
quality of project documentation (Kuryachaya
and Romanova, 2016; Abadi et al.,, 2024),
virtually unlimited reproducibility of valuation
results, and standardization of the project
materials (Gavrilenko, 2019).

Thus, the relevance of this study and
the formulation of the problems lie in
improving the efficiency of cadastral monetary
valuation of urban Ilands through GIS
technologies. The novelty of the presented
work lies in describing the possibilities of using
GIS technologies to conduct cadastral
monetary valuation of urban lands, which
significantly improve the quality of valuation.
As practice shows, the additional costs
associated with GIS technologies for valuation
are offset almost 2-3 times by the benefits
achieved through the development of
multipurpose geoinformation resources for the
city as digital maps, digital orthophotos, and
the database utilizing land data resources
(Ershova, 2019; Lu et al., 2024).

MATERIALS AND METHODS
Research approach

Following the described approach to using the
GIS technologies in urban land valuation, a
qualitative-quantitative research methodology
was the option. The employment of in-depth
interview methodology helped develop an
effective mechanism for cadastral monetary
valuation of urban land using GIS technologies
and identify the main activities involved in land
valuation with GIS. These interviews included
specialists in cadastral land valuation and GIS
technology application in several regions of the
Russian Federation, such as the Vologda and
Tyumen regions, Republic of Tatarstan.
However, it is pivotal to consider that
this method has certain limitations. Hence, the
authors clarified the primary objective of the
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study is to generate qualitatively new
knowledge about the specific methodology of
urban land valuation. However, the limited
resources available to the researchers and the
desire to conduct further studies on this issue
have encouraged the publication of obtained
results. Therefore, the said study aimed at
engaging interested researchers and fostering
discussion within the scientific community and
professionals in land management.

Empirical context

In accordance with Federal Law No. 237 'On
State Cadastral Valuation' dated July 03, 2016,
the cadastral valuation of wurban land
proceeded (hereinafter referred to as the Law
on SCV) and the Methodological Guidelines for
State Cadastral Valuation No. 226 dated May
12, 2017. Before carrying out the study, a
clarification ensured that cadastral valuation of
land plots in the category of 'urban land' had
already progressed multiple times in the
regions under consideration.

For instance, in the Vologda Region,
the conduct of cadastral valuation of urban
lands transpired in 2019 and 2022, with the
state cadastral valuation for all the categories
of land carried out simultaneously. The 2022
state cadastral valuation results have been
serving for tax purposes since January 01,
2023. In the Tyumen Region, the cadastral
valuation of land plots within the urban land
category took place in 2021, followed by the
state cadastral valuation for all land categories
in 2022. Similarly, in 2021, the state cadastral
valuation occurred for urban land plots in the
Republic of Tatarstan, and in 2022, for all land
plots recorded in the Unified State Register of
Real Estate.

In line with this study’s objectives, the
random selection of web pages of state
budgetary institutions (SBIs) ensued in the
regions under consideration via Google.com.
These institutions were responsible for
cadastral valuation of lands:

e The Budgetary Institution in the field of
State Cadastral Valuation of the
Vologda Region—Bureau of Cadastral
Valuation and Technical Inventory,
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e The State Budgetary Institution of the
Tyumen Region—Center for Cadastral
Valuation and Storage of Registration
and Technical Documentation, and

e The State Budgetary Institution—
Center for State Cadastral Valuation,
Republic of Tatarstan.

The sending of email communications
also succeeded to the leadership of these SBIs,
outlining the purpose and program of the
study. The SBI leadership agreed to provide
the necessary information for the study and
confirmed their participation, pledging to share
all the relevant data required for the presented
research.

Data collection

Based on the study objectives, the selection of
scientific sources using the Russian Science
Citation Index (RSCI) was applicable, as well
as international databases, such as Web of
Science and Scopus. The selection relied on the
keywords, viz., sustainable tourism, human
capital, green technologies, and green human
resources, both in English and Russian
languages, with a publication date restriction of
no more than 15 years. Data collection took
place from November 10, 2023, to February
10, 2024, through field and desk research.

The field research focused on analyzing
the prospects of using GIS technologies in
urban land valuation and included nine in-
depth interviews with directors of SBIs, heads
of the various departments (subdivisions) for
state cadastral valuation, and heads of
departments (subdivisions) for cadastral work.
All interviews helped gather information on the
existing algorithm for cadastral monetary
valuation of urban lands employed by the SBIs.

Interviewers introduced themselves at
the beginning of each interview, explained the
purpose of the study, and asked open-ended
questions designed to explore perspectives,
opinions, and existing practices within SBIs
related to the research problem. Each
interview lasted an average of 25-30 minutes.
The data obtained from the interviews served
to identify the problems associated with
cadastral monetary valuation of urban lands.
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These findings ultimately contributed to the
development of an algorithm for such valuation
using GIS technologies and understanding the
key activities involved in land valuation via GIS
technologies. The desk research involved
analyzing reports and valuation methodologies
provided by the organizations via email.

Data analysis

During the field study, interview recordings’
transcription used the service zapisano.org.
The collected data, as classified into
homogeneous themes, further enhanced the

comparability of the obtained information.
After  transcribing the recordings, a
communication sent via email to the

respondents requested them to rank the types
of activities involved in urban land valuation
using GIS technologies—identified during the
study—on an ordinal scale by assigning points
based on their level of significance. Then, each
activity received a rank according to the points
given by the respondents.

Ensuring an effective data analysis had

the degree of agreement among the
respondents' opinions measured through
mathematical processing using Kendall's
coefficient of  concordance (W). The

information’s further processing determined
the weights of the identified activities by
constructing a rank transformation matrix and
subsequently calculating the arithmetic mean
of the individual weights for each activity. The
final weight values defined the significance of
each activity from the perspective of the SBI
leadership.

In the data analysis process, the use of
the triangulation method helped ensure the
validity and reliability of the obtained empirical
research  results. Triangulation involved
multiple researchers from different regions and
countries, each participating in data
processing. Following this, discussions occurred
for each research question, with information
agreed upon by all the research participants

included in the report. This triangulation
process enhanced the reliability of the
interview data regarding their accurate

reflection of the state of GIS technology
application in cadastral land valuation and
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improved the quality of the information
obtained. Documenting the results derived
from the study succeeded in the research
report.

RESULTS AND DISCUSSION

Based on the field study (in-depth interviews),
the cadastral monetary valuation of urban
lands using GIS technology led to developing
an algorithm (Table 1). From field study
results, the key activities defined where GIS
technologies significantly enhanced the quality
of land valuation were notable (Table 2). The
experts identified five main stages based on
the cadastral monetary valuation of urban

lands using GIS technology (Table 1).

The first four stages encompass the
work of design and research organizations that
carry out urban land valuation projects. The
fifth stage involves the use of results from the
previous stages by regional and local land
resource management authorities to assess the
value of land plots for specific land users and
to determine land payment amounts. During
the development of digital cartographic
databases for the city’s territory, a digital map
database’ generation was successful, consisting
of layers of a digital vector map at the scale of
1:10,000 or 1:5,000 and the raster plan at a
scale of 1:2,000. Based on the city’s master
plan, the development of thematic layers for
functional zones, major facilities, engineering
network highways, and planning restriction
zones succeeded.

The SBI leadership has outlined the key
methodological requirements for the electronic
map developed for urban land valuation:

. The electronic map requires
development in a national/local
coordinate system based on the vector
model representing the wurban area
within its existing boundaries.

. During the raster model vectorization,
the following informational layers need
creation:

o Existing urban boundary
(polygonal and linear object),

o Axial streets and highways
(linear objects),
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Table 1. Algorithm for cadastral monetary valuation of urban land using GIS technology.

Stages  Description

I Development of digital cartographic data bases for the city's territory.

1I Collection and analysis of market information on valuation objects and justification for selecting a
valuation model for cadastral value.

III Functional zoning of the territory.

v Cadastral monetary valuation of land for various functional uses.

Vv Determination of the land plot value using GIS technology.

Table 2. Key activities in urban land valuation using GIS technologies.

No. Activities Rank Weight
1 Automated collection, processing, and systematization of source data (both 1 0.37
cartographic and semantic)
2 Analysis of obtained information (application of spatial analysis methods for 2 0.27
calculating areas, lengths, perimeters; use of overlay and buffer analysis to
determine factor density; creation of cartograms and cartodiagrams for
determining integrated quality indices of the territory; application of the isoline
method for interpolation of results)
3 Searching, sorting, and extracting valuation results of individual land plots 3 0.22
4 Preparation and printing of valuation results using printers and plotters 4 0.14

Note: Compiled based on expert surveys; the Kendall coefficient of concordance W=0.70W = 0.70W=0.70 (p < 0.01),

indicating strong agreement among expert opinions.

o Residential quarters, including
multi-apartment, private, and mixed
types (polygonal object),

o Quarters for dacha and garden
communities (polygonal object),
o Quarters  for  public
(polygonal object),

o Recreational areas, including
sanatoriums and resorts (polygonal
object),

o Industrial
object),

o Utility and
(polygonal object),
o Water surfaces (polygonal and
linear objects),

o General and special-purpose
green spaces (polygonal object),

o Railway rights-of-way
(polygonal object),

o Railway tracks, including those
in industrial and utility areas (linear
object),

o Airport and airfield
(polygonal object), and

o Special-purpose areas, such as
military facilities, labor colonies,
customs zones, and border strips
(polygonal object).

use

zones (polygonal

storage areas

areas
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The presence of these layers is a
necessary condition for converting the
developed digital electronic map.

A crucial aspect of GIS-based land

valuation is the creation of a digital model of
the planning framework of the target area,
referred to as the base map and the city’'s
topographical framework. The base map
description was a set of the framework
elements of the locality (Epishina and Nikolaev,
2008). These elements include:

. Urban boundary,

. Citywide and district-level highways,

. Street axes,

. Railway rights-of-way boundaries,

. Natural barriers (rivers, streams,
canals, and ravines), and

. In some cases, boundaries of industrial
enterprises, green spaces, and

recreational zones.

However, during the execution of work,
a diligent developer of documentation often
faces the issue of the relevance of the planning
and cartographic base. Several materials were
outdated, and their updating requires
considerable financial resources, depending on
their complexity category (Karpik, 2014). In
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collecting and analyzing information on the

market for valuation objects and justifying the

choice of a cadastral valuation model, using

GIS helped determine the metric

characteristics of the  structures and

engineering communications to estimate the
costs for development and improvement of the
territory.

During functional zoning of the urban
area, cadastral value differentiation was within
the urban area based on functional zones,
depending on the heterogeneity of the
territory's functional and planning qualities.
However, the land valuation structuring of the
city’s territory was the primary task. The digital
model of valuation district boundaries reached
development by applying GIS tools, employing
the framework elements of the topographical
base model, and the digital layers of the city’s
master plan (Makhotlova et al., 2021).

Performing qualimetric valuation of district
areas used indicator groups that characterize
their transport-functional convenience, level of
engineering infrastructure, environmental
quality, and socio-urban attractiveness. The

GIS-based geographic analysis and spatial

modeling methods were widely applicable for

this purpose. For instance,

e Transport-functional convenience
evaluation utilized gravitational modeling
to determine district accessibility and
account for travel time between districts
via the city’s transport network. A digital
segment-node model of the city’s road and
transport network, as developed,
automatically generated a graph-
topological model for formulating the travel

times between districts and assessing
accessibility.

e Engineering infrastructure levels,
determined through spatial analysis,
evaluated the density of engineering

networks and conditions for connecting
new consumers within valuation districts.

e Environmental quality assessment engaged
overlay analysis, and overlapping district
territories with environmentally polluted
zones.

The GIS use for evaluating intermediate
and final results through thematic maps of

1674

valuation districts by baseline indicators
significantly enhanced the quality of outcomes.
The errors become evident due to an obvious
spatial representation of the results (Raklov,
2011). The outcome determined the price
zones and justification and valuation indicators
based on the analysis of qualitative gauges of
adjacent valuation districts and merging
similar-quality districts into zones. The GIS
automatically generates price zone boundaries
by merging adjacent valuation districts with
similar consumer qualities, using predefined
programmatic and dialog-based inputs.

For different functional uses, the land’s
evaluation within functional zones of the urban
area continued through cadastral monetary
valuation. Using GIS, digital maps of influence
zones for territorial-planning, engineering-
geological, historical-cultural, natural-
landscape, sanitary-hygienic, and engineering-
infrastructure local factors succeeded
production, along with a database of
corresponding coefficients for distinguishing
the land plot valuations within functional
zones.

The GIS functions as a computer-aided
design system used for designing influence
zone boundaries for local factors. Buffer zone
methods’ application was successful, such as
the creation of pedestrian accessibility,
sanitary protection, conservation zones, and
using terrain modeling to automate the
identification of areas with slopes exceeding
20% (Makarova et al., 2018). The GIS’s quality

and efficiency surpassed the traditional
methods by several orders of magnitude. Most
importantly, the GIS develops a

geoinformation resource on digital media,
essential for automating the final stage—the
practical application of preliminary results for
monetary valuation of thousands of individual
land plots in medium and large cities
(Kurakpayev and Mashanov, 2016; Ahmad et
al., 2023).

In the final stage, the value of a land
plot with a specific functional use reached
establishment based on spatial analysis of the
land plot’s location within the functional zone
relative to the influence zones of local factors.
The GIS application is particularly effective
because it involves the valuation of thousands
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of land plots in each urban area. A critical

aspect of this stage was the development of a

specialized geoinformation resource—a

geocoded city address registry in the form of a

database containing street names, house

numbers (land allotments), and centroid
coordinates for spatial address identification.

Given the labor-intensive nature of conducting

a comprehensive inventory of land plots and

developing a database of their boundary

coordinates, the geocoded address registry
allows for sufficiently accurate monetary
valuation of land plots using GIS tools.

In cadastral monetary valuation, the
resulting maps must include the following
mandatory thematic layers:

o Functional zones (polygonal objects with
attributes: zone number, area in km2,
and standard monetary valuation per m2
in rubles),

o Zones of influence of local valuation
factors—a separate layer for each factor
(polygonal object with attributes: factor
name, influence zone radius in meters,
and local factor coefficient value), and

o All cadastral valuation maps must also
display:

o The projected boundary of the urban
area, if included in approved urban
planning documentation
(polygonal and/or linear object),

o Functional zone boundaries (polygonal
object), and

o Functional zone numbers.

Each informational layer must include
semantic information. For example, for linear
objects (highways, roads, and streets), this
information requires the street name and its
width, and for planar objects (industrial and
utility-storage facilities), they also include the
name, address, and dimensions of the sanitary
protection zone. For urban land valuation, the
geoinformation technology principles laid out in
the presented research implementation can be
in a software-methodological complex
comprising the following components:

. A software suite for functional zoning
of the territory and mass monetary
valuation of urban lands,

. A terrain modeling software processor,
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. An information-analytical system for
developing and maintaining the urban
land cadastre, and

. A subsystem for land plot valuation
based on spatial analysis of local factor
influence and monitoring of monetary
land valuation in urban areas.

The complex integrates with widely used
GIS tools, such as the Maplnfo Professional 5.0
GIS package, thanks to its ease of use and
functional capabilities, which help address
issues related to thematic map development.
Key advantages of MapInfo 5.0 include:
. An integrated SQL query language,

. Support for various raster formats (GIF,
JPEG, TIFF, PCX, BMP, TGA, and BIL),

. A universal translator for importing maps
developed in other GIS and CAD
formats,

. The ability to work with data in multiple
formats (Excel, Access, xBase, Lotus,
and text files), and

. Access to remote databases.

An open system with the MapBasic
programming language allows users to develop
custom GIS solutions within MapInfo for
addressing the specific applied tasks.

CONCLUSIONS

Systematic use and processing of various
sources of information on the current state of
urban land, along with the development of
electronic vector maps using GIS technologies,
enable practitioners to eliminate issues related
to incorrect use of initial information by
determining the cadastral value of urban lands.
The GIS technology application in the
monetary valuation of urban lands highlights
the considerable advantages, including reduced
project completion times, improved quality of
project documentation, virtually unlimited
reproducibility of valuation results, and
standardization of project materials. Despite its
theoretical and practical contributions, the
promising study has partial limitations due to
the size and localization of the expert pool (SBI
leadership), which prevents broader
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generalizations. The specific features of
cadastral monetary valuation of urban lands

using GIS technologies require further
investigation, with a potentially expanded
expert pool that includes practitioners and

broader geographic coverage. Authors also
authenticate the need for parallel research on
this issue. A promising direction for future
research could involve the development and
testing of a software-methodological complex
for urban land valuation.
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