ISSN 2518-7325 (Online), ISSN 2306-1677 (Print)

Land Management, Cadastre and Land Monitoring

Received: 20.04.2026; Accepted: 07.05.2026; Published: 30.09.2026;
http://dx.doi.org/10.31548/zemleustriy2026.03.03

Copyright © The Author(s). This is an open access article distributed under the terms
of the Creative Commons Attribution-ShareAlike 4.0 International License
(https://creativecommons.org/licenses/by-nc-sa/4.0/)

UDC 332.3:349.41:528.4:004.9

QUALITY MANAGEMENT OF LAND MANAGEMENT WORKS:
ESSENCE, TOOLS, METRICS

L. Hunko, Doctor of Economic Sciences, Associate Professor,
Email: gunko l@nubip.edu.ua
ORCID: 0000-0002-9454-744X
National University of Life and Environmental Sciences of Ukraine
A. Martyn, Doctor of Economic Sciences, Professor, Corresponding Member of the
NAAS,
Email: martyn@nubip.edu.ua
ORCID: 0000-0002-6905-2445
National University of Life and Environmental Sciences of Ukraine
I. Kolhanova, Candidate of Economic Sciences, Associate Professor,
Email: kolganova_i(@nubip.edu.ua
ORCID: 0000-0001-7771-2696
National University of Life and Environmental Sciences of Ukraine
0. Zakharenko, Deputy Head of the Department for Certification and Supervision
in Land Management
Email: ovz-2 1(@ukr.net
ORCID: 0009-0000-8200-837X
State Service of Ukraine for Geodesy, Cartography and Cadastre


http://dx.doi.org/10.31548/zemleustriy2026.03.0
https://creativecommons.org/licenses/by-nc-sa/4.0/
mailto:kolganova_i@nubip.edu.ua

Abstract. The article examines the quality of land management works as a
complex multidimensional category that cannot be reduced to the mere absence of
formal errors, compliance with a prescribed documentation form, or minimum
conformity with legal and regulatory requirements. It is substantiated that, under
present conditions of digitalization of land-cadastral, registration, and spatial-
planning procedures, the quality of land management documentation should be
considered an integral property of a professional output that combines the
completeness of land-management surveys, the accuracy of the topographic and
geodetic basis, the soundness of the project decision, regulatory correctness, and the
ability of the documentation to minimize risks in the acquisition, confirmation, and
exercise of land rights. It is shown that existing control practice in Ukraine has
historically concentrated primarily on verifying the technical validity of electronic
documents, topological connectivity, logical consistency, and format suitability of
geospatial data, whereas the completeness of surveys, the evidentiary substantiation
of the project decision, and the post-project stability of the legal outcome remain
considerably less developed in methodological terms. The purpose of the study is to
provide a theoretical and methodological substantiation of the essence of quality in
land management works, to develop a system of its structural elements, to elaborate a
qualimetric approach to assessing land management documentation, and to identify
quality management tools suitable for professional, administrative, and automated
digital control. The methodological framework comprises systemic, structural-
functional, formal-legal, comparative-legal, and qualimetric approaches, the source
base includes Ukrainian legislation, international standards for geographic
information quality, land administration documents, and current procedures for the
electronic validation of land management documentation. A model of land
management documentation quality is proposed that comprises five interrelated
dimensions. completeness of surveys, accuracy of geodetic works, soundness of the
project decision, regulatory compliance, and practical fitness for achieving the legal
result. A system of quantitative metrics and an integral approach to quality

assessment are developed for implementation in computer-aided design systems, the



State Land Cadastre, the urban planning cadastre, and related public information
resources. The prospects for using artificial intelligence for intelligent documentation
analysis, anomaly detection, verification of the actual existence of objects, support
for project decisions, and the construction of risk-oriented control are separately
substantiated, provided that Al does not replace professional and public-authority
discretion. The practical value of the article lies in forming a conceptually coherent
and instrumentally applicable framework for the transition from formal
documentation control to systemic quality management of land management works in
Ukraine.

Keywords: quality of land management works;, land management
documentation; quality management, qualimetry, quality metrics, State Land
Cadastre; geospatial data; topological connectivity, completeness of land-
management surveys, soundness of the project decision, digitalization of land

management, artificial intelligence.

Problem statement. Quality management of land management works in
Ukraine has ceased to be a narrowly professional issue of an executor’s internal
control and has become one of the key problems in the functioning of the entire
system of land relations. This is because land management documentation is not
merely a technical or graphic product, but a legally significant basis for the
formation of land parcels, the establishment of their boundaries, the determination of
restrictions on land use, the preparation of decisions on allocation, withdrawal, or
change of designated purpose of land, and subsequent state registration of rights. The
Law of Ukraine “On Land Management” directly defines land management as a set
of socio-economic and environmental measures aimed at regulating land relations
and rational territorial organization, and also establishes the types of land
management documentation and its legal significance [1]. At the same time, the Law
of Ukraine “On State Registration of Property Rights to Immovable Property and

Their Encumbrances” links the stability of the acquisition and exercise of rights to



the proper legal certainty of the immovable property object and, consequently, to the
quality of the underlying land management documentation [2].

The problem is that, in land management practice, documentation quality is
often perceived reductively: as the formal conformity of a set of documents with
established requirements or as the absence of obvious technical errors. Such an
approach is methodologically insufficient. The quality of land management
documentation is not exhausted by the proper formatting of textual and graphic
materials. It encompasses at least five interrelated dimensions: the completeness of
land-management surveys; the accuracy of the topographic and geodetic basis; the
soundness of the project decision; conformity with legal acts, standards, norms, and
rules; and the ability of the documentation to minimize risks in the acquisition,
confirmation, and exercise of land rights. The fundamental complexity of the
problem lies precisely in this multidimensionality: a defect in any of these
dimensions may not appear at the documentation-preparation stage, but may later
cause refusal of approval, blockage of adoption, a boundary dispute, conflict with
urban-planning documentation, or the impossibility of fully exercising a right in the
future [1-3].

This problem becomes particularly acute under conditions of digitalization of
land-cadastral, registration, and planning procedures. The Law of Ukraine “On the
National Geospatial Data Infrastructure” establishes the institutional basis for the
operation of geoportals, geospatial data, metadata, and services for access to them
[4]. This means that land management documentation increasingly exists not only as
a textual and graphic document, but also as a structured set of geospatial data that
must be compatible, interoperable, machine-readable, and suitable for automated
verification. At the same time, international standards ISO 19157:2013 and ISO
19157-1:2023 expressly proceed from the premise that the quality of geographic data
should be described through a system of defined components, assessment
procedures, and reporting rules [8; 9]. Thus, digitalization does not remove the issue
of quality; rather, it intensifies it radically, because any digital procedure requires a

clear formalization of what is to be considered a quality result.



In the Ukrainian context, this problem also has a distinct institutional
dimension. Land management documentation is created at the intersection of several
informational and regulatory circuits: materials of the State Fund of Land
Management Documentation, geodetic and cartographic materials, data of state
registration of property rights, urban-planning documentation, information on
restrictions on land use, and environmental, engineering, and other territorial regimes
[1-7]. The Law of Ukraine “On Regulation of Urban Development” directly
provides that urban development activity must take into account state, public, and
private interests and be aimed at sustainable territorial development [3]. This means
that a land management decision cannot be considered high-quality if it is locally
correct but not aligned with the spatial-planning context, does not take territorial
restrictions into account, or contradicts the logic of balanced land use.

Another difficulty lies in the asymmetry of interests between the customer, the
executor, and the end users of the result. The customer of land management works is
often primarily interested in rapid completion of procedures and acquisition of rights,
rather than in the high quality of the research and project components of the
documentation. However, the direct “consumer” of quality is not only the customer,
but also the state cadastre, the rights-registration system, public authorities, adjoining
landowners, investors, courts, and society as a whole. Therefore, the quality of land
management documentation should be viewed not as a private characteristic of a
service, but as a publicly significant characteristic of the reliability of the land order.
In this context, the Framework for Effective Land Administration (FELA),
developed within the UN system, emphasizes that effective land administration
should ensure trust, tenure security, land-market efficiency, and the institutional
reliability of governance [10]. Accordingly, low-quality land management
documentation is not merely a professional shortcoming, but a factor of systemic
legal and economic uncertainty.

A methodological gap is also significant: in domestic practice, the issue of
quantitative measurement of the quality of land management works remains

insufficiently developed. As long as quality lacks a system of operational indicators,



its control remains either declarative or selectively subjective. Meanwhile,
international approaches to the quality management of geospatial data are based
precisely on measurable categories: completeness, logical consistency, positional
accuracy, temporal quality, thematic correctness, and fitness for use [8; 9]. For land
management, this means the need to move from general evaluative judgments to a
qualimetric model within which documentation quality can be decomposed into
individual parameters, each of which can be assessed, compared, and subsequently
algorithmized in digital services.

Thus, the scientific problem is not only the need to improve the quality of land
management works, but above all the need to fundamentally clarify the very content
of the category “quality of land management documentation”, determine its
structural elements, establish the limits of applying international approaches and
standards to this field, and form a system of quantitative metrics suitable for
professional, administrative, and digital control. Without this, it is impossible either
to build a modern quality management system for land management works or to
ensure the effective integration of land management with the cadastre, rights
registration, urban planning, and the national geospatial data infrastructure [1-10].

The purpose of the article is to provide a theoretical and methodological
substantiation of the essence of quality in land management works as a
multidimensional characteristic that combines the completeness of land-management
surveys, the accuracy of the topographic and geodetic basis, the soundness of project
decisions, their legal and regulatory correctness, and their fitness for minimizing risks
in the acquisition and exercise of land rights, as well as to develop a modern toolkit
for managing this quality on the basis of qualimetry, international approaches to the
assessment of geospatial data, and the needs of digitalization of land-cadastral and
planning procedures, with the formation of a system of quantitative metrics suitable
for professional control, algorithmization of checks, application in public
administration, and use in public-procurement procedures for land management

works.



Materials and methods. The materials of the study include current legal acts
of Ukraine in the field of land management, maintenance of the State Land Cadastre,
state registration of property rights to immovable property, urban development
activity, and the functioning of the national geospatial data infrastructure, as well as
subordinate legislation and methodological documents that regulate the electronic
circulation of the results of land management works, their structural and format
validity, the procedure for verifying electronic documents, and information
interaction between cadastral and registration systems [1-4; 12—-14; 18-21]. In
addition, the study uses international standards and conceptual documents that define
approaches to assessing geographic-information quality, effective land
administration, and proper use of digital technologies, in particular ISO 19157:2013,
ISO 19157-1:2023, INSPIRE documents, the Framework for Effective Land
Administration (FELA), and analytical materials on the use of artificial intelligence
in public administration [8—11; 22]. The methodological basis of the study is a
combination of dialectical, systemic, structural-functional, formal-legal, comparative-
legal, and logical-semantic approaches. To identify the essence of the category
“quality of land management documentation”, the method of conceptual
decomposition was used to distinguish its main components; to analyze control
procedures, functional modeling was applied; and to form a system of quantitative
indicators, elements of the qualimetric approach, indicator normalization, expert-
analytical grouping of criteria, and construction of an integral assessment model were
used.

At the same time, the study has several methodological reservations that must
be taken into account when interpreting its results. First, the proposed model of
quality metrics is theoretical and methodological in nature and is intended to form a
framework for subsequent testing, rather than to declare finally established standards
for all types of land management documentation. Second, due to the heterogeneity of
types of land management documentation, differences in their functional purpose,
and the uneven digital maturity of information systems, weighting coefficients,

threshold values, and the set of indicators should be treated as adaptive rather than



universal. Third, the study deliberately does not equate formal conformity of
documentation with legislative requirements with its full quality, since some
determining parameters - primarily the completeness of surveys, the evidentiary
substantiation of the project decision, and the risk of subsequent defective exercise of
rights - are only partially amenable to direct automated verification and require a
combination of digital, expert, and post-project assessment methods. In view of this,
the conclusions obtained should be understood as a scientifically substantiated
methodological basis for further development of sectoral standards, digital control
procedures, and applied models for assessing the quality of land management works,
rather than as a completed regulatory model that can be mechanically implemented
without additional testing and institutional coordination.

Analysis of recent studies and publications. An analysis of the contemporary
scientific and regulatory-methodological corpus gives grounds to state that the issue
of quality in the field of land management has been developed very unevenly. The
most elaborated segment is the one in which quality is understood as a property of
geospatial data and digital models: logical consistency, topological connectivity,
format validity, positional accuracy, dataset completeness in the narrow technical
sense, and suitability for machine processing [8; 9]. It is precisely in this plane that
international approaches are conceptually mature: within ISO 19157 and ISO 19157-
1, geographic-information quality is decomposed into separate elements and sub-
elements, including completeness, logical consistency, including topological
consistency, positional accuracy, temporal validity, and usability, for which
assessment and documentation procedures are provided [8; 9]. Similarly, in the
INSPIRE methodology, geodata quality is conceived as a formalized and measurable
characteristic that must be presented in the form of metadata and verifiable indicators
at the level of the dataset, spatial-object type, or individual object [9; 11].

For Ukrainian land management practice, it is indicative that this very
technical-formal dimension of quality began to be institutionalized earlier than others.
Already at the stage of formation of electronic document flow in the land-cadastral

sphere, Order No. 136 of the State Committee of Ukraine for Land Resources of 23



May 2003 introduced requirements for the structure, content, and format of the data-
exchange file for the results of land management works, and subsequent
methodological documents established verification of the conformity of exchange
files with these requirements as a separate procedure [11; 12]. Later, this approach
was developed by Order No. 573 of the State Committee for Land Resources of 2
November 2009, which approved requirements for the structure, content, and format
of presenting the results of land management works in electronic form; and in the
contemporary model of maintaining the State Land Cadastre, verification of an XML
electronic document generated in accordance with the Procedure for maintaining the
State Land Cadastre has already been implemented as a separate electronic-cabinet
service for certified land surveyors [12—14]. This shows that the concept of quality in
terms of electronic-document validity, file structure, syntactic correctness, part of
attribute logic, and basic geometric/topological checks is not new or unknown in the
domestic system; on the contrary, it has proved most suitable for early formalization
and algorithmization [12—-14].

At the same time, the scientific and practical development of this segment
should not create the illusion that the problem of the quality of land management
documentation as a whole has already been solved. Existing standards and procedures
mainly answer the questions of whether geodata are technically correct, whether an
electronic document can be accepted by the system, whether it contains internal
logical contradictions, and whether it is compatible with a specified data model [8; 9;
13; 14]. However, these approaches cover much more weakly those characteristics
that are no less, and often more, important in land management documentation: the
completeness of land-management surveys as the sufficiency of processing all
relevant sources; the evidentiary substantiation of the project decision as the
justification of precisely this spatial and legal decision rather than another; the
identification of latent conflicts between cadastral, legal, and urban-planning
information; and the ability of the documentation to minimize risks of subsequent
blockage or defective exercise of rights [1—4; 10]. In this sense, the contemporary

body of sources explains well how to check geometric correctness, but much less



how to check the completeness of professional cognition of the object and the
rationality of the project judgment itself.

The issue of completeness requires separate attention. In international
documents on geodata quality, completeness is mostly interpreted as the presence or
absence of required objects, attributes, or records in a dataset, that is, as
commission/omission in the data structure [9; 11]. For land management, however,
this is not sufficient. The completeness of land-management surveys has a much
broader meaning: it includes not only the absence of omissions in a set of coordinates
or attributes, but also the completeness of processing the State Fund of Land
Management Documentation, materials of the State Cartographic and Geodetic Fund,
information from state registration of property rights, urban-planning documentation,
and environmental, engineering, regime-based, and other restrictions. This broader,
intersystemic, and evidentiary completeness is today described much less fully than
completeness in the sense of an information model. In existing standards, it is only
partially reflected through the categories of usability or fitness for purpose, but it is
not developed to the level of a special methodology for land-management control [8—
10].

The problem of evidentiary substantiation of the project decision is even less
developed. In works and standards devoted to the quality of spatial data, attention is
naturally focused on data quality as such, whereas a project decision in land
management is not simply the result of data processing, but the result of professional
judgment that simultaneously has technical, legal, planning, and social dimensions
[8—10]. For land management documentation, it is fundamentally important not only
whether a boundary is described correctly, but also why it is proposed in this
particular way; not only whether restrictions are reflected, but also whether they are
correctly embedded into the configuration of rights and use regimes; not only
whether the document is aligned with current norms, but also whether the decision is
internally persuasive, proportionate, and resilient to conflict. In the identified body of
sources, this topic is present mainly implicitly - through general requirements of

rationality, sustainability, and the integration of land administration and spatial



planning - but not as a specially developed methodology for measuring the quality of
a project decision specifically in land management documentation [3; 4; 10].

The situation with qualimetry is no less indicative. In related fields - in
particular, assessment of the quality of urbanized space or certain areas of real
property valuation - qualimetric approaches have been applied, demonstrating at least
the principled possibility of converting complex spatial characteristics into a system
of weights, criteria, and integral indices [15]. However, within land management
itself, namely with respect to assessing the quality of land management
documentation, land-management surveys, project decisions, and the procedures for
their preparation, the available specialized scientific corpus does not reveal an
established tradition of special qualimetric analysis. In other words, there are
developed tools for assessing individual technical properties of geodata and separate
examples of qualimetry in related fields, but there is no holistic theory and
methodology for the qualimetric measurement of the quality of land management
documentation as a complex legal and engineering product [8; 9; 15]. In our view,
this gap is one of the key reasons why the discussion of quality in land management
often remains either normative-declarative or reduced to checks of format and
geometry.

Thus, the review of recent studies and publications makes it possible to draw
three principal conclusions. First, the concept of quality in terms of topological
connectivity, logical consistency, format validity, and geodata quality in general has
been studied sufficiently thoroughly both in international standardization and in
Ukrainian cadastral practice, where the corresponding checks have long acquired
procedural form [8; 9; 11-14]. Second, when the discussion moves from technical
correctness of data to completeness of land-management surveys and evidentiary
substantiation of the project decision, the degree of development of the problem
sharply decreases, and existing approaches do not provide a complete methodological
answer to the needs of land management [1-10]. Third, qualimetry as a special tool

for measuring the quality of land management works and documentation has not in



fact been formed as a separate research direction, which determines the relevance of
developing an appropriate system of criteria, indicators, and metrics.

Presentation of the main research material. The quality of land management
documentation is a category that cannot be reduced to formal errorlessness. The
absence of errors, violations of law, or technical defects is only a minimum condition
of documentation acceptability, but it does not yet indicate high quality.
Documentation may be prepared without obvious deviations, pass a formal check,
and at the same time remain incomplete in its source base, insufficiently accurate in
the topographic and geodetic part, weakly substantiated in the project decision, or
risky from the standpoint of subsequent acquisition and exercise of land rights.
Therefore, the quality of land management documentation should be understood as an
integral property of a professional output that reflects the degree of its cognitive
sufficiency, engineering accuracy, legal correctness, project persuasiveness, and
practical fitness for safe inclusion in cadastral, registration, urban-planning, and law-
application procedures [1-10].

In this sense, land management documentation has a dual nature. It is
simultaneously the result of surveying, that is, professional cognition of the factual
and legal condition of a territory, and the result of design, that is, a substantiated
choice of a spatial decision. Therefore, its quality always has two interrelated sides:
the quality of the data on which it is built and the quality of the judgment derived
from these data. The first side has already been largely formalized in modern
cadastral systems: the electronic document is checked for conformity with the data of
the State Land Cadastre, requirements for content, structure, and technical
characteristics, as well as the data of the land management documentation itself [13].
The second side - the completeness of identifying regime-forming objects, the legal
grounds of adjoining land use, the correctness of identifying buildings and structures,
and the persuasiveness of the chosen configuration of boundaries, restrictions, or
functional designation - remains considerably less formalized and therefore less

controllable [1-4].



This is precisely where the fundamental limit of the current control model
becomes apparent. Under the current legal regime, a cadastral registrar or an official
of the authority that approves or adopts documentation checks the submitted
document for its conformity with the requirements of laws, regulatory legal acts
adopted pursuant to them, land management documentation, or urban-planning
documentation; only such non-conformity may constitute grounds for refusal to
approve or adopt the documentation [20]. Consequently, by its legal construction,
control is primarily directed at what has already entered the documentation, rather
than at what may have remained outside it. Therefore, the verification procedure
itself does not automatically answer whether all relevant regime-forming objects
were fully identified and studied, whether the existence of title documents for
adjoining parcels not reflected in the cadastre was established, or whether buildings
and structures on which the project decision relies were correctly identified. This is
not a defect of an individual registrar; it is a structural limitation of a system that is
capable of checking what has been submitted, but is not always capable of identifying
unresolved incompleteness of initial cognition. This explains the emergence of Draft
Law No. 10095 on introducing a unified list of questions, i.e., a checklist, to establish
conformity or non-conformity of documentation provisions; however, the draft-law
card records that, after the committee stage, it was rejected and withdrawn from
consideration as of 21 March 2024 [20; 16].

It is indicative that socially resonant corruption practices in the land sphere
arise precisely at the boundary between the formal validity of a document and the
substantive quality of its initial premises. According to NABU information on
Operation “Clean City”, the investigation incriminated a scheme in which ownership
rights to structures that did not actually exist on the relevant land plots were
registered to controlled persons, after which, on that basis, rights to land were
initiated without auction; in public discourse such practices became known as so-
called “toilet schemes” [17]. For the theory of quality of land management
documentation, this example is fundamental: it demonstrates that the formal presence
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factual and legal authenticity. In other words, documentation quality begins not with
checking whether the file has been filled in correctly, but with verifying whether the
document actually expresses the real condition of the object and the legal situation,
rather than an artificially constructed appearance.

In view of the above, the quality of land management documentation should be
modeled as a system of five interrelated dimensions: 1) completeness of land-
management surveys; 2) accuracy of topographic and geodetic surveys; 3) soundness
of the project decision; 4) regulatory compliance; and 5) satisfaction of consumer
needs through minimization of risks in the acquisition and exercise of land rights.
Such a model relies, on the one hand, on the Ukrainian regulatory construction of
land management, cadastre, rights registration, and urban development activity and,
on the other hand, on the international approach to geographic-data quality, according
to which quality is described through multiple individual components and procedures
for their assessment [1-9].

In a philosophical sense, this five-component model reflects different forms of
documentation truth. Completeness of surveys is source truth: it answers the question
of whether we know enough about the object. Accuracy of geodetic works 1s metric
truth: it answers the question of how correctly the object is described in space.
Soundness of the project decision is the truth of practical judgment: it answers the
question of whether the proposed decision follows from the available data and
whether it is the best among permissible alternatives. Regulatory compliance is legal
truth. Finally, satisfaction of consumer needs is functional truth: whether the
documentation performs the social and private role for which it was created. If at
least one of these dimensions is defective, the documentation may remain formally
acceptable but be substantively low-quality.

In order to move quality management from the plane of general assessments to
the plane of digital administration, qualimetry i1s required, that is, a system of
quantitative measurement of a complex object through a set of partial indicators.

Since specialized qualimetry of land management documentation has not in fact been



formed in the specialized literature, it is appropriate to construct an author’s model of
an integral quality indicator based on normalized indicators [15].
An integral quality index for land management documentation is proposed:

IQx=Zi= w; - S
where S; is the normalized indicator of a separate quality dimension on a scale
from 0 to 1;

w;i is the weight of the corresponding dimension;

2wi=1.

For typical cases, in the authors’ opinion, the following baseline weights may
be proposed: completeness of surveys - 0.25; accuracy of topographic and geodetic
surveys - 0.20; soundness of the project decision - 0.20; regulatory compliance - 0.15;
risk safety for the acquisition and exercise of rights - 0.20. However, the weights
should not be regarded as universal: for projects establishing the boundaries of
administrative-territorial units or restrictions on land use, the weight of project
substantiation may be higher; for technical documentation on boundary
establishment, the weight of geodetic accuracy may be higher.

Below is the proposed system of partial indicators suitable for use in computer-
aided design systems, the State Land Cadastre, the urban planning cadastre, and

related state information systems (Table 1).



Table 1 - Components of land management documentation quality and proposed quantitative metrics

Quality Content of the Quantitative metric Formula / calculation logic Data source for Level of
component component automation automation

Completeness of | Coverage of all Source completeness SCI = Nf/ Nr, where Nf is the log of requests to high
land-management | relevant sources and index (SCI) number of actually processed funds, registers, the
surveys circumstances relevant sources and Nr is the urban planning

number of sources mandatory for the | cadastre, and the

type of documentation rights register
Completeness of | Identification of Coefficient of CUR = Nlate / Nall, where Nlate is | restriction layers, medium
land-management | regime-forming unidentified the number of restrictions identified | urban-planning
surveys objects restrictions (CUR) after submission of the documentation,

documentation or at the stage of environmental

exercising rights registers
Completeness of | Identification of Index of legal share of adjoining parcels for which | State Register of medium
land-management | adjoining rights not completeness of analysis of the rights register, Property Rights,
surveys reflected in the State | adjoining-rights archival documents, and actual use | archival funds,

Land Cadastre analysis (ILCA) has been confirmed boundary-agreement
acts, field acts

Accuracy of Metric correctness of | Root mean square calculated from control field logs, GNSS/total- | high
topographic and | coordinates error (RMSE) measurements station files, control
geodetic surveys points
Accuracy of Conformity of points | Share of points within | SPT = Nok / Np measurement logs, high
topographic and | with regulatory tolerance (SPT) automatic CAD
geodetic surveys | tolerances reports
Accuracy of Topological Topological integrity | TII =1 - Ne / Nc, where Ne is the XML/GML, cadastral | very high
topographic and | correctness of index (TII) number of topological errors and Nc | layers, topology rules
geodetic surveys | geometry is the number of checks
Soundness of the | Presence of a causal Project evidentiary share of project propositions that document text, medium

project decision

link between data and
the decision

substantiation index
(PESI)

contain a reference to a source,
calculation, or spatial analysis

electronic links to
sources, restriction
layers




Quality Content of the Quantitative metric Formula / calculation logic Data source for Level of
component component automation automation
Soundness of the | Assessment of Alternativity index ratio of the number of considered explanatory note, low/medium
project decision alternatives (AD) alternatives to the minimum CAD analytical
determined by the methodology modules
Soundness of the | Spatial consistency of | Decision conflict index | number of conflicts with urban- urban planning high
project decision | the decision (DCI) planning documentation, cadastre, protection
restrictions, and infrastructure zones | layers, transport and
per project unit engineering networks
Regulatory Conformity of Regulatory compliance | RCI =1 - (2Ncrit + Nminor) / Nchk | machine rules, very high
compliance documentation index (RCI) checklists, electronic
composition and forms
content
Regulatory Correctness of the Format validity index | share of successfully passed XML schemas, State | very high
compliance electronic document (FVI) syntactic and semantic checks Land Cadastre
validators
Practical fitness | Probability of smooth | Procedural success composite indicator: acceptance at State Land Cadastre, high
procedural passage index (PSI) first submission, absence of refusals, | State Register of
passage time Property Rights,
electronic cabinets
Practical fitness Risk of subsequent Post-project stability PPSI =1 - (Ndisputes + Nfix) / Nall | court registers, medium
dispute or correction | index (PPSI) for a defined period correction statistics,
complaint data
Consumer value | Fitness for achieving | Right-realizability share of projects completed by State Register of medium
the legal result index (RRI) acquisition or proper exercise of the | Property Rights, State
right without repeated preparation of | Land Cadastre,

documentation

registers of decisions

Note: developed by the authors.




This table is of fundamental importance. It transfers the discussion of quality
from the plane of intuition to the plane of operationalization. The key point is that
only some indicators initially belong to the classical properties of geodata - format
validity, topological integrity, accuracy, and consistency. Another group concerns
more complex dimensions: evidentiary substantiation, completeness of source search,
and post-project stability of the right. True qualimetry of land management emerges
precisely from the combination of these two groups of indicators.

Under conditions of complete or predominant digitalization of the processes of
initiating, drafting, approving, adopting, and implementing land management
documentation, a key methodological rule arises: only what has first been
conceptually defined and formally described can be automated. If quality remains an
undefined professional intuition, it cannot be transformed into an algorithm. If,
however, it 1s decomposed into individual properties, and for each property an
indicator, data source, permissible threshold, and consequence of deviation are
defined, control can be embedded in digital services. International standards of
geographic-data quality are built on this logic: they do not merely state that data may
be “quality” data, but specify the structure of indicators, assessment procedures, and
reporting rules [8; 9].

For the land management sphere, this means that quality control must be multi-
level:

1) The first level is syntactic and structural control. This includes checking
the electronic-document format, completion of mandatory fields,
conformity with XML schemas, signing, correctness of archive structure,
absence of duplicates, and formal correctness of attributes. In Ukraine,
this level has already been largely implemented in XML electronic-
document verification services and in the Procedure for maintaining the
State Land Cadastre [13; 14].

2) The second level is geometric and topological control. This includes
checking self-intersections, contour breaks, overlaps, logical consistency

of boundaries, consistency of geometry with attributes, and conformity



with the basic rules of the spatial model. This sphere is also highly
amenable to algorithmization and already has established standards both
in international practice and in the Ukrainian system of cadastral data
acceptance [8; 9; 11-14].

3) The third level is inter-register logical control. Its task is to identify
conflicts between land management documentation, cadastre data, the
register of rights, urban-planning documentation, registers of
restrictions, engineering networks, and environmental protection zones.
It is here that the main development of digital services should occur in
the coming years. The formal possibility of such interaction is embedded
both in the legal regime of the national geospatial data infrastructure and
in acts on information interaction between the cadastre and rights
registration [4; 21].

4) The fourth level is control of survey completeness. It is considerably
more complex, but also partly amenable to algorithmization. For each
type of documentation, a digital profile of mandatory sources may be
formed: whether the developer applied to the State Fund of Land
Management Documentation; whether materials of the State
Cartographic and Geodetic Fund were examined; whether data from the
register of rights were checked; whether urban-planning documentation
was integrated; and whether data on restrictions and engineering
networks were processed. Here, control should operate not as an
assessment of the “correctness of an opinion”, but as an assessment of
the evidentiary completeness of the professional search.

5) The fifth level is control of project substantiation. It is the least suitable
for full automation, but it can be substantially strengthened by digital
tools: comparison of alternatives, automatic conflict detection, spatial
analysis of access, overlay of multiple layers of regimes, and fixation of

the sources on which each project provision relies. Here, automation



should not replace the land surveyor, but should make the professional

judgment transparent, reproducible, and verifiable.

For discussion purposes, the authors have attempted to comprehensively

systematize known methods of quality control of land management documentation

within a single systemic framework (Table 2).

Table 2 - Methods of quality control of land management documentation

Control method Essence of the What it Can it be Where it can be
method checks algorithmized? implemented
Format and Checking the FVI, basic yes, fully State Land
structural electronic document | regulatory Cadastre, CAD,
validation for conformity with | correctness electronic
the schema, cabinets
structure, and
mandatory fields
Topological Control of geometric | TII, contour yes, fully CAD, GIS, State
check and topological conflicts Land Cadastre,
errors urban planning
cadastre
Geodetic control | Control of errors, RMSE, SPT yes, predominantly | CAD, field
closures, programs,
coordinates, and acceptance
conformity with systems
accuracy class
Cross-register Comparison with the | DCI, ILCA, yes, to a significant | integrated state
verification cadastre, rights CUR extent systems
register, urban
planning cadastre,
and protection zones
Checklist Checking the RCI, SCI yes, fully or almost | electronic forms,
verification of presence of all fully approval services
composition and | required
content documentation
elements
Analysis of the Determining PESI partially digital systems
evidence base whether each with linked
documentation references and
provision has proper sources
substantiation
Expert project Professional Al PESI, DCI | only partially approval
review assessment of the authorities,

rationality of the
decision,
alternatives, and
proportionality

internal control
of the executor




Control method Essence of the What it Can it be Where it can be
method checks algorithmized? implemented
Post-project Analysis of refusals, | PSI, PPSI, yes, if integrated State Land
audit disputes, RRI data are available Cadastre, State
corrections, and Register of
repeated preparation Property Rights,
court analytics,
management
dashboards
Field verification | On-site inspection actual partially mobile
existence of applications,
objects, control
boundaries, authorities
and structures
Anomaly Search for atypical corruption and | yes, increasingly analytical
analytics configurations and technological modules, risk-
suspicious recurring | risks oriented control
scenarios systems

Note: developed by the authors.

The last method - anomaly analytics - is of particular importance. Most illegal
or manipulative practices in the land sphere do not necessarily appear as a gross
technical error. They often appear as statistically atypical behavior: repeated small
buildings used as a basis for initiating large land parcels; identical templates in
document configurations; excessive concentration of approvals among particular
entities; or typical sequences of registration actions leading to circumvention of
competitive procedures. It is at this intersection that space emerges for new digital-
control tools.

For land management practice, it is important to move beyond the notion of
quality as the “internal soundness” of a document. Documentation quality is also a
measure of public trust in it. High-quality documentation reduces the number of
disputes, reduces the need for repeated applications, lowers transaction costs for the
state and private persons, prevents some corruption manipulations, and increases the
predictability of the circulation of land rights. Therefore, it is also appropriate to
consider it in terms of risk: a document is high-quality to the extent that it reduces the
probability of future uncertainty regarding boundaries, regimes, title, permissible use,

and spatial conflict.




This leads to an important methodological thesis: in the modern land
management system, not only error control but also risk control should be central. An
error is an already identified deviation. Risk is the probability that a defect will
manifest later. Therefore, indicators of post-project stability, conflict potential,
repeated preparation of documentation, or an array of refusals in similar cases are no
less important than indicators of accuracy or file validity.

Separate attention should be paid to assessing the prospects for using artificial
intelligence (AI) to control the quality of land management works. The issue of using
Al in land administration is already directly recorded at the level of the UN system.
UN-GGIM materials for the 14th session of the Committee of Experts state that the
expert group is analyzing the potential application of Al in future systems of land
administration and land management; at the same time, OECD documents on public
governance emphasize that trustworthy use of Al depends on high-quality data and
proper data governance [10; 22]. Thus, for land management, Al cannot be a
“superstructure” built over a low-quality information base; on the contrary, it is
possible only where the quality model of data, sources, and procedures has previously
been brought into order.

In the authors’ opinion, the most promising areas for the use of Al in quality
control of land management works may be grouped into five categories:

1) The first i1s intelligent document analysis. Natural-language-processing
models can compare textual provisions of an explanatory note with
regulatory requirements, identify omitted mandatory elements, search for
contradictions between text and graphics, and automatically generate a
preliminary list of risks and non-conformities. This does not replace a
lawyer or land surveyor, but it radically strengthens preliminary control.

2) The second is anomaly detection in geospatial and procedural data. Al
can learn from arrays of already processed cases and identify atypical
combinations of features: unusual ratios between land-plot area and
building area; recurring configurations of cadastral contours; atypical

temporal sequences of registration actions; and unusual clusters of



refusals or, conversely, “too smooth” passage through procedures. It is
precisely here that technology can become an early-warning tool not
only for technical risks but also for corruption risks.

3) The third is computer vision for verifying the actual existence of objects.
Where lawful integration with orthophoto plans, satellite images, aerial-
survey materials, and field photo-recording results is available, Al can
help verify whether a declared building exists, whether it has not been
demolished, whether its contour corresponds to the actual condition, and
whether a capital construction object has not been replaced by a small or
temporary element. In the context of schemes in which legal title to land
is built through a dubious reference to an immovable-property object,
this is of particular significance [17].

4) The fourth is assistance in project decision-making. Al can propose
alternative configurations, automatically account for restrictions, analyze
access, servitudes, and overlaps of regimes, compare alternatives against
several criteria, and generate explanatory notes on spatial compromises.
Here, it performs an advisory rather than a public-authority function.

5) The fifth is self-learning quality control. If the system accumulates data
on reasons for refusals, typical comments, court disputes, corrections,
resubmissions, and verification results, Al can continuously refine
documentation risk profiles and improve the rules of primary control.

At the same time, the limits of permissible Al use must be clearly defined. In
the field of land management, it is impermissible to fully and automatically substitute
professional and public-authority decision-making where legal assessment,
determination of the balance of interests, assessment of proportionality of restrictions,
or final establishment of legal consequences is involved. Al should operate as a
decision-support system, not as an independent bearer of public authority. In other
words, for land management, the most promising model is that of an “explainable

digital assistant”, not an “autonomous digital expert”.



Conclusions. Modern quality management of land management works should
move from the logic of after-the-fact error checking to the logic of designing quality
into the very architecture of documentation and digital procedures. This requires at
least four steps. The first is to approve a sectoral model of land management
documentation quality that is not limited to regulatory compliance, but covers
completeness of surveys, accuracy, project substantiation, and risk safety. The second
is to form mandatory digital source profiles and checklists for each type of
documentation. The very idea of such a unified list of questions, despite the non-
adoption of Draft Law No. 10095, reflects an objective need of the system for more
standardized control [16]. The third is to integrate qualimetric indices similar to those
proposed in this article into CAD systems, the State Land Cadastre, the urban
planning cadastre, and related systems, with acceptability thresholds and automatic
generation of quality protocols. The fourth is to develop risk-oriented control and the
use of artificial intelligence where it can strengthen the detection of hidden defects,
anomalies, and manipulations without substituting professional judgment.

Prospects for further research are primarily related to deeper development of
sectoral qualimetry of land management, that is, a system of scientifically
substantiated indicators, weighting coefficients, and threshold values for different
types of land management documentation. The methodology for quantitatively
assessing the completeness of land-management surveys and the evidentiary
substantiation of the project decision requires separate elaboration, since these
components are currently least susceptible to formalization but at the same time
significantly influence the legal stability and practical value of documentation.
Another important direction for further research is the development of models for
integrating such metrics into computer-aided design systems, the State Land
Cadastre, the urban planning cadastre, and related public information resources, as
well as defining the limits and principles of Al application for detecting defects,
anomalies, and risks in land management documentation without replacing
professional and public-authority discretion. It is on this basis that a new quality of

land management can be formed - as a sphere in which reliability, evidentiary



substantiation, and digital verifiability become the foundation of legal certainty and

sustainable spatial development.
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JILA. I'yabko, A.I'. Maptun, L.I'. Koaranosa, O.B. 3axapeHko

YIIPABJIIHHA AKICTIO POBIT I3 3EMJIEYCTPOIO: CYTHICTD,
IHCTPYMEHTU, METPUKHA

Anomauin. Y cmammi 0ocniodceno skicmos pooim i3 3emaeycmporo K CKIaoH)
OazamosumipHy Kameeopilo, wo He 3800Umbcsi 00 @OPMAIbHOI BIOCYMHOCHI
NOMUNOK, OOMPUMAHHS BCMAHOBIEHOI Gopmu Ookymenmayii uu ii MIHIMATbHOL
8IONOBIOHOCMI HOPMAMUBHO-NPABOGUM BuUMOo2aAM. OOIPYHMOBAHO, WO 6 CYUACHUX
ymosax yugposizayii 3eMenbHO-Ka0acmposUux, peccmpayitiHux i NiaHy8aIbHUX
npoyeoyp AKicms OOKYMeHmMayii i3 3emMieycmpor Mae po3nsa0amucs K iHmezpanlbHa
81ACMUBICMb NPOECItiHO20 pe3ybmamy, KA NOEOHYE NOBHOMY 3eMAe6NOPAOHUX
BULUYKYBAHb,  MOYHICMb — MOnozpago-2eo00e3uynoi  0CHOBU,  OOIPYHMOBAHICHb
NPOEKMHO20  PIULeHHS, HOPMAMUBHY KOPEeKMHICMb, a MAKodc 30amHiCHb
O0OKyMeHmayii MiHIMIZyeamu pusuKyu Habymms, niomeepodiCeHHs ma peanizayii npas
Ha 3emaro. lloxaszano, w0 4YUHHA NPAKMUKQ KOHMpoOMo 6 YKpaini icmopudHo
HAUOIIbUIOIO MIDOIO 30CepeddiceHd HA Nepesipyi MEeXHIUHOI 8aANIOHOCMI eNeKMPOHHUX
OOKYMeHmi8, MONOJIO2IUHOI 38 A3HOCMI, N02IYHOI V3200HCeHOCMI ma HopmMamHoi
nPUOAMHOCMI 2e00aHUX, MO0l K NUMAHHSA NOBHOMU BUULYKYB8AHb, OO0KA3080CHII
NPOEKMHO20 pIWeHH mMa RNICAANPOEKMHOL CMIUKOCMI Npago8o2o pe3yibmamy
3AMUMAIOMbCS MEMOOO0I02IUHO 3HAYHO MeHu po3pobiaenumu. Memorw O0ocniodcenms
€ MeopemuKo-memoooociune OOIPYHMYBAHH CYMHOCMI sAKOCmi  pobim i3
3emaeycmpoio, (OpMy6aHHs cucmemu il CMPYKMYPHUX eleMeHmi8, pPO3pPOOJIeHHs.
K8ANIMEMPUYHO20 Ni0X00y 00 OYIHIOBAHHS OOKYMeHmayii i3 3emieycmpor ma
BU3HAYEHHS [HCMPYMEHMIE YNPAGIIHHA AKICMIO, NPUOAmMHUX O0as Npogeciiinozo,
AOMIHICMPAMUBHO20 U ABMOMAMU308AHO20 YUPPOB020 KOHmMpoto. Memoodonoziuny
OCHOBY CMAHOBAAMbL  CUCMEMHUL, CMPYKMYPHO-QYHKYIOHANbHUL, —(DOPMATLHO-
IOPUOUYHULL, NOPIGHSILHO-NPABOBULL MA KEALIMEMPUUHULL NIOX00U, A OHCepelbH)
b6aszy - 3aKoHO0a8CcmMeo YKpaiHu, MIJNCHAPOOHI CMAHOApPMU SKOCMI 2e02paiuHoi
iHhopmayii, Ookymenmu y cghepi aOMiHiCmMpy8aHHs 3eMelb, A MAKOMC UYUHHI
npoyeodypu ereKkmpoHHoi 8anioayii 3emiesnopsaoHoi 0OKymMeHmayii. 3anponoHosano

mooenvb  AKocmi  OOKyMeHmayii i3 3eM1eycmpolo, W0  GKII0YAE N SiMb



83AEMONOB SA3AHUX GUMIDIB. NOGHOM) BUULYKYB8AHb, MOYHICMb 2€00e3UUHUX poOim,
00IPYHMOBAHICMb NPOEKMHO20 DIULeHHS, HOPMAMUBH)Y 8IONOBIOHICMb | NPAKMUYHY
npuodamuicms 00 OO0CACHEeHHs Nnpasogoco pe3yavmamy. Pospobreno cucmemy
KIIbKICHUX MempuK ma iHme2paivHutl nioxio 00 OYiH8aHHs AKOCMI, NPUuOamHi OJisl
BNPOBAONCEHHSI Y CUCMEMAX asmoMamu308aH020 NPOEKmy8anHs, [lepocasHomy
3eMeNbHOMY Kaodacmpi, Micmo0yO0iBHOMY Kadacmpi ma CYMINCHUX OEpPHCAGHUX
iHpopmayitinux pecypcax. Okpemo O0OIPYHMOBAHO NEPCNEKMUBU BUKOPUCMAHHS
WmMyyHo2o IHmenekmy OJsl IHMeneKmyaibHo20 aHaisy OOKyMeHmayii, UsA6IeHHs
aHomaniu, nepesipku QaKxmuuHo20 ICHY8aAHHA 00 €Kmis, NIOMPUMKU NPOEKMHUX
piwieHb i nob6y0o8u pusuUK-OpIiEHMOBAHO20 KOHMPOIO, 34 YMOBU HEOONYUeHHS
nIOMIHU HUM npogecitinoco ma 61a0H020 po3cyoy. lIpakmuuna yinHicmes cmammi
nouseac y opmysanti KOHYenmyaibHo YLIiCHOI ma IHCMpPYMEeHmMAaibHO NPUOAMmHOL
pPamMKu 051 nepexoody 8i0 opManrbHO20 KOHMPOIIO OOKYMeHmayii 00 CUCMeMHO20
VIPABNIHHA AKICMIO pobIim i3 3emieycmpoio 6 Ykpaiti.

Knwuosi cnosa: sxicme pobim i3 3emaeycmporo; O0oOKymMeHmayis i3
3eMaeycCmpolo;, YAPABAIHHA AKICMIO;, Keaaimempis, mempurku sikocmi, [lepocasnuul
3eMeNbHUll  Kaoacmp; 2eonpocmopogi O0aui, MONON02IYHA 38 SI3HICMb, NOBHOMA
3eMAEBNOPSAOHUX  BUUUYKYBAHL,  OOIPYHMOBAHICMbL  NPOEKMHO20  PIULeHH,

yugpposizayis 3emaieycmporo, Wmy4Hull iHmeaexm.



