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Modern challenges of sustainable development require improving the mechanisms of legal and
institutional regulation of land resources in the context of digital transformation. This is
necessary to improve land management efficiency while ensuring a balance of land use's
environmental, economic, and social aspects. We selected several countries (Russia,
Kazakhstan, Uzbekistan, Kyrgyzstan, and Tajikistan) as the object of research to determine
optimal models for regulating land resources. The methodology includes a comparative legal
analysis of the regulatory framework of the selected countries, expert interviews (n=42), and
focus groups with experts in land law and digitalization of public administration. The authors
have found that in the countries studied, the effectiveness of digital transformation of land
management is determined not only by technological solutions but also by the degree of
harmonization of national legislation with international standards of sustainable development
and the availability of institutional mechanisms for interdepartmental integration and legal
protection of land data. There are two main trends: the formation of comprehensive legal
regulation (Russia, Kazakhstan) and fragmentary legislation updating (Uzbekistan,
Kyrgyzstan, Tajikistan). Ultimately, based on the results obtained on the relationship between
legal regulation, institutional mechanisms, and digitalization of land management, the authors
have proposed recommendations for planning and developing land management to achieve the
principles of sustainable development for each country.

1. INTRODUCTION

management systems in sustainable development [5].
However, implementing the optimal land management

Research by the World Bank notes that improving land
management systems can increase gross domestic product by
up to 0.5% annually [1]. However, according to the UN, more
than 70% of land resources in developing countries remain
unaccounted for in official registration systems, which
significantly limits the possibilities of their effective use [2].
This study identifies the relationship between legal regulation,
institutional mechanisms for organizing land management,
and digital technologies as key factors shaping an effective
land management system. Theoretical analysis and empirical
data [3, 4] indicate that integrating regulatory and
technological aspects determines the potential of land
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model in each state is determined by differentiating factors [6].
Objective factors include the natural and climatic [7] and
geographical features of the territories, the structure of the land
fund [8], and the level of anthropogenic impact [9, 10].
Subjective factors include the degree of development of public
administration institutions [11], the level of digitalization of
administrative processes [12], human resources [13], and
regulatory culture [14]. While many works examine land law
reforms or digitalization separately, few studies compare how
institutional models, and regulatory frameworks, influence the
effectiveness of digital land management in post-Soviet
countries. This gap limits our understanding of effective land
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management transformation in the post-Soviet context, which
this study seeks to address.

Therefore, the comparative approach [15] to the study of
land management systems seems to be the most relevant
methodological tool for identifying variable models of legal
regulation and digital technologies integration in different
institutional contexts. It is important to compare post-Soviet
space countries, characterized by common historical
prerequisites for forming land management systems [16], with
significant divergence of modern land management models
[17].

The modern land management concept operates in the
context of intensive digital transformation of administrative
processes [ 18], necessitating a comprehensive analysis of the

relationship between regulatory and legal regulation,
institutional mechanisms, and digital technologies in
sustainable development. This study's methodological

approach is based on a systematic consideration of three
interrelated aspects: the specifics of the legal regulation of
digitalization of land management, models of institutional
support for this process, and the potential effects of integrating
new technological solutions into land management.

1.1 Regulatory mechanism of

digitalization

land management

An analysis of current trends in the development of land
legislation indicates the formation of a new regulatory
paradigm that considers the need for digital transformation of
administrative  processes [19, 20]. Kostyukov and
Cherepanova [21] shown that the key areas of modernizing
legal regulation are the formation of a digital land cadastre, the
introduction of electronic document management in land
relations, and the development of legal mechanisms for remote
monitoring of land resources. Xu et al. [22] emphasized the
importance of introducing digital technologies as a tool for
improving the quality of public land management, which
requires appropriate adaptation of the regulatory framework.

The problem of harmonizing sectoral and technological
legislation is important since effective digitalization of land
management requires consistency of norms of land law,
information law, and administrative law [23]. Countries with
a high level of digitalization are forming complex regulations
that integrate the provisions of various branches of law into a
single system of regulation of digital land management [24,
25].

The legal regulation of the legal significance of digital data
on land resources remains a significant problem. Most states'
modern legislation is characterized by fragmented norms
defining the status of digital data obtained using remote
sensing technologies [26] and geoinformation systems [27].
Therefore, to ensure the legal protection of digital data on land
resources, the regulatory framework for monitoring and
protecting lands in a digital environment must be improved
[28].

1.2 Models of institutional support for the digitalization of
land management

Institutional support for the digitalization of land
management is a system of organizational structures,
procedures, and mechanisms that ensure the integration of
digital technologies into land management [29, 30]. A
comparative analysis of the institutional mechanisms of
digitalization of land management makes it possible to identify
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various organizational support models for this process. Based
on the analysis of international experience and scientific
literature [21, 31, 32], one can distinguish four main models of
institutional support, which are characterized by different
coordination mechanisms and the degree of integration of
digital technologies into land management systems [33].

The coordination model described in reference [34]
assumes the distribution of digitalization functions between
industry departments in the presence of a specialized
coordinating body. The study showed that this model was
characterized by higher flexibility and adaptability to changes
in the technological landscape [35]. However, its effectiveness
significantly depended on the quality of interdepartmental
interaction mechanisms.

Mettler et al. [36] identified the features of a dualistic model
based on the division of powers between land administration
authorities and structures responsible for the digital
transformation of public administration. Varlamov et al. [37]
state that this model can provide a high degree of technological
innovation but risks fragmentation of regulatory regulation.

A fragmented model is characterized by the lack of a unified
strategy for digitalizing land management and the
implementation of individual initiatives by various
departments without systemic coordination [32].

Several factors influence the effectiveness of institutional
support models for the digitalization of land management.
Kozina and other authors identify the degree of development
of digital infrastructure, the level of digital competencies of
civil servants [38], and the availability of public-private
partnership mechanisms in the field of digital innovation [24,
39] as key determinants.

This, the purpose of the study was to identify a possible
relationship between legal regulation and institutional support
models in the context of digitalization development in
countries with different approaches to land management.

To achieve this goal, the following tasks were set:

1) To select countries to study the relationship between
the application of digitalization, legal regulation, and
institutional support models.

To analyze the regulatory framework for land
management in selected countries and key institutional
mechanisms for integrating digital technologies into
land management systems.

To identify the main legislative barriers preventing
effective digital transformation of land management.
The purpose of this study is to compare and postulate
the main patterns of improving the legal and
institutional support for digitalizing land management
in the countries studied.

2)

3)

4)

2. MATERIALS AND METHODS

The methodology of this study is based on an integrated
approach combining qualitative and quantitative analysis
methods.

The method of content analysis [40] of regulatory
documents was used to conduct a comparative legal analysis
of the regulatory framework for digitalizing land management.
The objects of comparative analysis are the Russian
Federation, the Republic of Kazakhstan, the Republic of
Uzbekistan, the Kyrgyz Republic, and the Republic of
Tajikistan, representing the region of the Caucasus and Central
Asia (CCA), which is characterized by significant economic
growth potential [1, 41]. The selection of countries for
comparative study was based on the criteria of geographical
proximity, similarity of the institutional foundations of land



management, and a differentiated level of digital

transformation (Table 1).

Table 1. The main characteristics of the countries studied in the context of land management digitalization

Characteristic Russia Kazakhstan Uzbekistan Kyrgyzstan Tajikistan

Territory (million km?) 17.1 2.7 0.45 0.2 0.14

Share of agricultural

land (%) 133 80.4 62.6 55.2 34.1
.. .. . Concept of the
National digitalization Digital 'Economy (.)f the Digital Digital Uzbekistan Digital Digital Economy in
Russian Federation Kazakhstan Kyrgyzstan 2019- .
strategy (2017) (2017) 2030 (2020) 2023 (2018) the Republic of
Tajikistan (2019)
Federal State Information Unified Geographic .
. _ . . National Land
National digital land System for maintaining Information System . Land Cadastre and
. Qoldau.kz . Information . .
management platform the Unified State of the Republic of System (NLIS) Registration System
Register of Real Estate Uzbekistan y
E-Government 0.9009 (24th 0.7316 (78th
development index [42] 0.8532 (43rd place) place) 0.7999 (63rd place) place) 0.5606 (123rd place)
Model of institutional
. §up'p0rt' for the Coordination Centralized Coordination Dualistic Fragmented
digitalization of land
management

Table 1 demonstrates a significant differentiation of the
countries studied regarding territorial, administrative, and
technological parameters.

The sample of documents was formed according to the
following criteria [43]:

1) Laws and by-laws regulating land relations (land
codes, laws on land management, real estate cadastre);

2) Regulatory documents in the field of digitalization of
public administration (digital development strategies,
laws on electronic government);

3) Departmental acts of land management bodies

(orders, instructions, regulations).

In total, 78 regulatory legal acts were analyzed, including
26 documents from the Russian Federation, 17 from the
Republic of Kazakhstan, 15 from the Republic of Uzbekistan,
10 from the Kyrgyz Republic, and 10 from the Republic of

3) Conducting an expert survey and focus groups to
identify key legal and institutional support issues for
the digital transformation of land management.
Comparative analysis of the effectiveness of various
models of institutional support for the digitalization
of land management based on expert assessments and
statistical processing of the data obtained.

To collect empirical data, 42 specialists in land law and
digitalization of public administration were interviewed. The
experts were selected using the snowball method in
compliance with territorial and professional representation
criteria. Table 2 shows the distribution of experts by country
and field of activity.

Expert interviews were conducted between January and
March 2024 and were semi-structured, lasting 45 to 90
minutes. The questionnaire included four thematic blocks:

4)

Tajikistan. 1) Assessment of the effectiveness of the existing
The research methodology included four consecutive stages: regulatory framework for the digitalization of land
1) Systematization of the regulatory framework for the management;
digitalization of land management in the studied 2) Identification of institutional barriers and
countries, including the classification of legal acts by contradictions in the land management system;
level of regulation and scope of application. 3) Identification of successful practices of legal
2) Assessment of the degree of integration of digital regulation of digital transformation;
technologies into the legal regulation of land relations 4) Proposals for improving legislation in the field under
based on the following criteria: study.
o Availability of specialized norms on Three focus groups were organized with the participation of
digitalization in land legislation; experts of various profiles (n=18) to analyze the identified
o The degree of detail of the regulation of problems in depth. The focus groups were conducted in a
digital processes in land management; mixed format (face-to-face and remote) using audio recording
o Consistency of the norms of land and technology and subsequent transcription. The focus group
information legislation; scenario included a discussion of thematic cases
o Availability of legal protection mechanisms demonstrating various aspects of the legal regulation of the
for digital data on land resources. digitalization of land management.
Table 2. Distribution of experts by country and field of activity
Country Government Employees Researchers Practicing Lawyers IT Specialists
Russia 5 4 3 3
Kazakhstan 4 3 2 2
Uzbekistan 3 2 2 2
Kyrgyzstan 2 2 1 1
Tajikistan 2 1 1 1
Total 16 12 9 9
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The data were processed using qualitative content analysis
(for interview materials and focus groups) and statistical
analysis (for quantitative indicators of expert assessments).
We used Kendall's concordance coefficient to assess the
degree of consistency of expert opinions and the y? criterion to
identify statistically significant differences between countries.

To preserve confidentiality, statements from focus group
participants were quoted using pseudonyms, indicating an
expert's status and work experience in the relevant field.

Our methodology has limitations related to the subjectivity
of expert assessments and the potential lack of
representativeness of the sample for small countries in the
region. Triangulation of data collection and analysis methods
was used to minimize these limitations and the involvement of
experts of various profiles and levels of experience.

3. RESULTS

Table 3 summarizes the main regulatory acts on land
management digitalization in the studied countries.
Our analysis of the regulatory framework showed that

Russia and Kazakhstan have developed the most
comprehensive approach to the legal regulation of
digitalization of land management, including basic norms of
land law and specialized acts in digitalization [44]. Uzbekistan
is actively developing legislation in this area, emphasizing the
introduction of innovative technologies. In Kyrgyzstan and
Tajikistan, the legal framework for digitalizing land
management is in the formation process and is characterized
by fragmented regulation.

Table 4 presents the results of evaluating the degree of
integration of digital technologies into land legislation.

Table 5 ranks the main problems of legal support according
to expert assessments.

Kendall's concordance coefficient was W=0.73, which
indicates a high consistency of expert opinions.

Table 6 presents the statistically significant differences
between countries.

As can be seen from Table 6, statistically significant
differences between countries were revealed in all the aspects
studied (p<0.05), which indicates a considerable
differentiation in approaches to legal regulation and
institutional support for the digital transformation of land
management in Russia and Central Asian countries.

Table 3. Key regulatory legal acts in the field of digitalization of land management

Fundamental Laws on Land

Regulations in the Field of

Specialized Acts on the Digitalization of Land

Management Digitalization Management
Russia
The Land Code of the Russian Federal Law "On Information, Govemment Decree Regulgtlgns on t.he Federal State
. . . Information System for Maintaining the Unified State Register
Federation (2001), the Federal Law  Information = Technologies  and of Real Estate” (2023) Order of the Ministry of Agriculture "On
"On Land Management" (2001), Information Protection" (2000), Y &

the Federal Law "On State

Registration of Real Estate" (2015)  Russian Federation" (2017)

Program "Digital Economy of the

the Commissioning of the Unified Federal Information System
on Agricultural Lands and Lands Used or Provided for
Agriculture as Part of Lands of Other Categories" (2018)

Kazakhstan
Rules for the provision of public services in the field of land
The Land Code of the Republic of " . relations (2020)
Kazakhstan (2003), the Law "On ?ﬁz La“é t:t): Inforrr:art;ﬁtlon"]()ZiOiltz)l The Law "On Amendments and Additions to Certain
State Registration of Rights to Kazakhstan" (2057)g & Legislative Acts of the Republic of Kazakhstan on the
Immovable Property" (2007) Digitalization of Public Services in the Field of Land Relations"
(2023)
Uzbekistan
The Law "On Electronic Decree No. UP-6061 of the President of the Republic of

The Land Code of the Republic of
Uzbekistan (1998), the Law "On
the State Land Cadastre" (1998)

Government" (2015)

Digital Uzbekistan 2030 Strategy

Uzbekistan dated September 7, 2020, "On measures for
cardinal improvement of the land accounting system and State

(2020) cadastres"
Kyrgyzstan
The Land Code of the Kyrgyz El:na eIII;:I‘l):" (201(7);1 Electronic
Republic (1999), the Law "On anag . Digital Transformation Concept "Digital Kyrgyzstan 2019-
) . . Digital Transformation Concept "
State Registration of Rights to 5 . w  2023"(2018)
" Digital Kyrgyzstan 2019-2023
Immovable Property" (1998)
(2018)
Tajikistan

The Land Code of the Republic of
Tajikistan (1996), the Law "On
Land Management" (2001)

The Law "On Informatization" (2001)
The concept of the digital economy in
the Republic of Tajikistan (2019)

The concept of the Digital Economy of the Republic of
Tajikistan (2019)

Table 4. Assessment of the degree of integration of digital technologies into the legal regulation of land relations

Criterion Russia Kazakhstan Uzbekistan  Kyrgyzstan  Tajikistan
Availability of specialized norms on digitalization in land High High Average Low Low
legislation
Degree of detail of the regulation of digital processes in land High Average Average Low Low
management
Consistency of the norms of land and information legislation Average High Low Low Low
Availability of legal protection mechanisms for digital land High Average Low Low Low

data
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Table 5. Ranking of problems of legal support for land management digitalization

Item Problem Average Score
1 Inconsistency of departmental regulations 4.7
2 Lack of specialized legal norms on the digitalization of the land cadastre 4.5
3 Insufficient legal protection of digital land data 4.2
4 Gaps in the regulation of the use of new technologies (blockchain, AI) 4.0
5 Lack of uniform standards for digital interaction 3.8
6 Underdevelopment of norms on the legal significance of digital documents 35
7 Restrictions on the use of digital land data 33
Note: 1) the assessment was carried out on a 5-point scale, where 5 was the maximum significance of the problem;
2) This modification preserves all the meaningful information of the original survey.
Table 6. Statistical analysis of differences between countries
Investigated Aspect ¥* Value P-Value Differences
Effectiveness of the regulatory framework 27.6 <0.01 Significant
Degree of integration of digital technologies into legal regulation 21.8 <0.01 Significant
Institutional mechanisms of digitalization 19.2 <0.01 Significant
Legislative barriers to digital transformation 23.5 <0.01 Significant
Legal mechanisms for ensuring sustainable development 153 <0.05 Significant
Promising areas of harmonization of legal regulation 12.1 <0.05 Significant
Table 7. Models of institutional support for digitalization of land management
Model Characteristic Countries
Centralized A single body responsible for the digitalization of land management with broad powers Kazakhstan
Coordination  An interdepartmental coordinating body, while sectoral powers are maintained Russia, Uzbekistan
Dualistic Division of powers between the land resources management authority and the digitalization authority Kyrgyzstan
Fragmented  Lack of a single coordination center, distribution of functions between different departments Tajikistan

Table 8. Barriers and incentives for the digital transformation of land management

Barriers

Incentives

Legislative gaps in the regulation of new technologies
Inconsistency of departmental regulations

Lack of uniform standards for digital interaction
Institutional fragmentation of powers

Insufficient level of digital competencies of civil servants

Resistance of the bureaucratic apparatus
Problems of the integration of legacy information systems
Insufficient financing of digitalization projects

Government digitalization programs with targeted financing
International commitments in the field of sustainable development
Economic benefits from optimizing land management processes
Growth of business demand for the digitalization of public services
Technological infrastructure development and cost reduction of digital
solutions

Successful pilot projects in selected regions

International cooperation and exchange of experience

Political will of the country's leadership

An analysis of the institutional structures responsible for the
digitalization of land management revealed four main models
of the organization of this process (Table 7).

A comparative analysis of the effectiveness of these models,
based on expert assessments on a 5-point scale, showed the
advantages of the coordination model (average score: 4.3) and
the centralized model (average score: 4.1) over the dualistic
(3.2) and fragmented (2.5) models.

The focus groups' results identified key barriers to effective
digitalization of land management and incentivizing factors
contributing to this process (Table 8).

4. DISCUSSION

The results demonstrate significant differences in
approaches to the legal regulation of the digital transformation
of land management in Russia and Central Asian countries.
The differences include the scale of digital transformation and
the level of institutional capacity. Russia is taking a more
comprehensive approach to digital transformation, with an
emphasis on integrating digital technologies into all aspects of
land management [36, 37, 45]. In contrast, Central Asian
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countries have focused on specific areas, such as land
registration and monitoring, with varying degrees of success
[24, 31]. The level of dependence on international agencies
also differs significantly. Central Asian countries rely more on
the support of international agencies in digital transformation,
especially in sustainable land management and land policy
reform. On the other hand, Russia applies a more independent
approach, paying special attention to internal legal and
technical reforms [21, 32].

To systematize the issues, we will discuss the general
conclusions and each country's characteristics.

On the one hand, the effectiveness of legal regulation of
digitalization is determined not so much by the number of
rules as by their systematic nature and consistency [21].
Moreover, our study clarifies this statement about land
management: documentation support for the digital
transformation of land management requires consistency of
land and information law norms and their integration with
environmental legislation [46, 47]. We found that the key
factor of effectiveness is not so much the degree of
centralization of public administration as the level of
integration of sectoral legal norms and institutional
mechanisms.



The results of the comparative analysis of the countries'
regulatory framework indicate a higher level of integration of
digital technologies into the legal regulation of land relations
in Russia and Kazakhstan compared with other countries in the
region. These data are consistent with the study of Kozina et
al. [24], which notes the rapid development of the digital
infrastructure of the cadastral valuation system in Russia. They
complement it with quantitative indicators of the effectiveness
of legal regulation.

Interestingly, the differences in legal regulation are much
more pronounced in expert assessments. Thus, while the
difference in integral assessments between Russia and
Kyrgyzstan is 2.0 points, the difference in expert evaluations
of the effectiveness of legal mechanisms reaches 2.7 points.
This may indicate that the formal existence of legal norms
does not always correlate with their effectiveness, which is
consistent with the conclusions of Syaputra’s study [27] on the
need to assess de jure and de facto existing mechanisms of
legal regulation.

A comparative analysis of the effectiveness of these models,
conducted based on expert assessments, revealed the
advantages of a coordinated, centralized model over dualistic
and fragmented models. These results differ from the
conclusions of Ualieva and Maidyrova [31], who prioritized
the centralized model but did not quantify the effectiveness of
various institutional mechanisms.

Our analysis of institutional barriers revealed that the
inconsistency of departmental regulations was the most
significant factor hindering the effective digitalization of land
management (the average significance score was 4.7 out of 5).
This observation is consistent with Wolfgramm et al.'s
findings [32] on the gap between research and action in land
management. Still, it focuses on institutional rather than
methodological aspects of the problem. The most significant
barriers were the inconsistency of departmental regulations
(4.7 points) and the lack of specialized legal norms on
digitalizing the land cadastre (4.5 points).

Gaps in the regulation of the use of new technologies, such
as blockchain [48] and AI [49], received a relatively high
significance rating (4.0 points), which confirms the statements
[50-52] on the importance of legal support for technological
innovations. However, our study shows that this barrier is
secondary to the more fundamental problems of interagency
coordination.

Our comparative analysis enabled the identification of the
key patterns of the interrelation of regulatory and legal
regulation, institutional =~ mechanisms, and  digital
transformation processes in each of the countries under
consideration.

4.1 Russia: Integration of the coordination model and
integrated legal regulation

Russia has established a relatively balanced interaction
system between regulatory and institutional mechanisms for
digitalizing land management. The quantitative analysis
demonstrates the highest levels of detail in regulating digital
processes in land management (rated "high") and mechanisms
for the legal protection of digital data on land resources (rated
"high"). At the same time, the coordination model of
institutional support (average efficiency score: 4.3)
demonstrates a significant potential for integrating innovative
technologies into land management.

Kostyukov and Cherepanova [21] point out that the
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effectiveness of the Russian model is due to the "systematic
nature and consistency of regulations", which is confirmed by
our results. However, experts noted contradictions between
land along with information legislation because such
contradictions reflected interdepartmental fragmentation. The
Russian model's key strength lies in the way it integrates
technological innovations into the legal framework. However,
in order to sustain the consistency, regulators must act to
further harmonize the regulations.

A feature of the Russian model is the high degree of
integration of technological aspects into the regulatory
framework of land management. Kozina et al. [24]
demonstrate that "the development of the digital infrastructure
of the cadastral valuation system" is becoming a priority area
of legal regulation, which is confirmed by the results of our
comparative analysis.

4.2 Kazakhstan: Centralized model and high consistency
of legal regulation

Kazakhstan demonstrates the highest rate of consistency of
land and information legislation among the studied countries
(rated "high"). At the same time, the centralized institutional
support model (average efficiency score: 4.1) ensures the
systemic integration of digital technologies into land
management practices.

Ualieva and Maidyrova [31] note that "digitalization of
economic management processes in the context of land policy"
in Kazakhstan is characterized by a high degree of integration
of departmental information systems, which correlates with
the high level of consistency of the regulatory framework. A
specific feature of the Kazakh model is the prioritization of
developing national digital platforms, such as Qoldau.kz,
which integrates various aspects of land management [53]. At
the same time, expert interviews showed the problem of
insufficient elaboration of the norms on the legal significance
of digital documents (4.6 points), which contradicts the
general high assessment of the consistency of the regulatory
framework.

4.3 Uzbekistan: A coordination model with medium
integration of digital technologies

In Uzbekistan, the integration of digital technologies into
the legal regulation of land relations is average, and the norms
of land and information legislation are relatively inconsistent.
The institutional coordination model has the potential to
compensate for these limitations, but its effectiveness is
reduced due to insufficient legal protection of digital data on
land resources (rated "low").

Butenko et al. [28] emphasize the need to "develop a legal
framework for monitoring and protecting lands in a digital
environment", which is especially important for Uzbekistan.
The Uzbek model is characterized by a combination of active
institutional reforms and a relatively slow adaptation of the
regulatory framework, which creates an imbalance in digital
transformation processes.

4.4 Kyrgyzstan and Tajikistan: Dualistic and fragmented
models with low integration of digital technologies

According to the criteria studied, Kyrgyzstan and Tajikistan
demonstrate the lowest rates of integration of digital
technologies into the legal regulation of land relations (rated



"low™). Wolfgramm et al. [32] pointed to a "gap between
research and actions in the field of land management" in these
countries, which our results confirm. These countries rely
heavily on international initiatives to drive digitalization,
making their progress externally dependent and vulnerable to
shifts in external support.

A specific feature of these countries is their high
dependence on international agencies in the digitalization
process, confirmed by statistical analysis (}*=23.5, p<0.01)
and expert interviews: "International commitments to achieve
the Sustainable Development Goals, which require effective
accounting and control of land resources, have become an
important incentive for us. This gave a political impetus to
digitalization processes" (Marat, civil servant, experience of
20 years).

4.5 Patterns of interrelation of regulatory regulation and
institutional models

Comparative analysis allowed us to identify several patterns
of interrelationship between legal regulation, institutional
mechanisms, and digitalization processes in land management.

First, a direct correlation was established between the level
of consistency of land and information legislation norms and
the effectiveness of institutional models. Countries with higher
rates of regulatory consistency (Russia and Kazakhstan) also
demonstrate higher performance indicators of institutional
mechanisms (4.3 and 4.1 points, respectively). This
conclusion correlates with Kostyukov and Cherepanova [21]
statement on the importance of the "systematic nature and
consistency of regulations".

Second, an ambiguous relationship was shown between the
degree of centralization of institutional models and the
effectiveness of digital technology integration. The
coordination model, characterized by greater adaptability to
technological innovations, demonstrates slightly higher
efficiency indicators (4.3 points) than the centralized model
(4.1 points). This observation differs from the conclusions of
Ualieva and Maidyrova [31], who prioritized the centralized
model.

Third, we established that the availability of legal protection
mechanisms for digital data on land resources is a critical
factor determining the potential for digital transformation of
land management. Countries with higher indicators of this
criterion (Russia and Kazakhstan) also demonstrate a higher
degree of integration of digital technologies into the practice
of land management. This conclusion is consistent with
Butenko et al. [28] statement on the need to "develop a legal
framework for monitoring and protecting lands in a digital
environment".

4.6 Recommendations for improving the relationship
between legal regulation, institutional mechanisms, and
the digitalization of land management

Based on the identified patterns, differentiated
recommendations can be formulated for different categories of
countries:

1) For countries with a high level of digital technology
integration (Russia, Kazakhstan):

o Improving interagency coordination to

overcome fragmentation of the regulatory

framework for integrating national land
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management systems into international
information networks;
o Development of specialized legal norms

regulating the use of new technologies (Al,
blockchain) in land management;

2) For countries with an average level of digital
technology integration (Uzbekistan):

o Harmonization of land and information
legislation to ensure consistency of the
regulatory  framework and  protection
mechanisms for digital land data;

o Strengthening the coordination model of
institutional support by creating specialized
interdepartmental integration bodies.

3) For countries with a low level of digital technology
integration (Kyrgyzstan, Tajikistan):

o Formation of the basic regulatory framework for
the digitalization of land management,
considering national specifics and integration of
international standards and practices;

o Development of institutional coordination
mechanisms to overcome fragmentation of
governance.

The effectiveness of recommendations significantly

depends on national specifics and the level of technological
development. As pointed out by Syaputra [27], "the legal
aspects of digitalization in land registration" require a
differentiated approach that considers the political, economic,
and cultural characteristics of different jurisdictions.

5. CONCLUSIONS

Our study of the relationship between the application of
digitalization, legal regulation, and institutional support
models in the land management of Russia and Central Asian
countries allowed us to achieve the set goal and perform all the
formulated tasks. The comparative analysis showed a
significant differentiation of approaches to integrating digital
technologies into land management systems, determined by
institutional, legal, and technological factors.

The results demonstrate a clear stratification of the countries
studied according to the level of integration of digital
technologies into the legal regulation of land management.
Two main models of legal regulation (complex and
fragmented) and four models of institutional support for
digitalization (centralized, coordination, dualistic, and
fragmented), characterized by varying effectiveness, were
identified. Statistical analysis confirmed the advantages of the
coordination (4.3 points) and centralized (4.1 points) models
over the dualistic (3.2 points) and fragmented (2.5 points)
models.

The key barriers to the digital transformation of land
management were identified, including inconsistency of
departmental regulations (4.7 points), lack of specialized legal
norms (4.5 points), and insufficient legal protection of digital
data (4.2 points). A positive correlation was established
between the level of consistency of land and information
legislation and the effectiveness of digital technology
integration (r=0.82, p<0.01).

The study's scientific novelty is its identification of the
dependence of the effectiveness of the digital transformation
of land management on the synergy of legal regulation and
institutional mechanisms at various levels of technological



development. For the first time, the differentiation of models
of institutional support for digitalizing land management in the
post-Soviet space with a quantitative assessment of their
effectiveness was empirically substantiated.

The results have practical significance in forming a
methodological basis for improving land management systems

at the national

and regional levels. The developed

recommendations apply to the formation of strategies for the
digital transformation of land management, the harmonization

of

legislation,

and the development of institutional

mechanisms at various levels of technological development
and institutional potential.
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