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ABSTRACT

Background. Wartime hostilities have resulted in large areas of Ukrainian land becoming temporarily inaccessible, damaged, or
mined, thereby challenging the validity of conventional land valuation approaches, notably the Normative Monetary Valuation
(NMV). The current NMV framework is ill-suited for current realities, as it does not incorporate factors such as physical destruction,
cratering, and the extent of soil degradation resulting from military operations and the use of missile weaponry. Consequently, an
investigation into the relevance and effectiveness of the NMV under martial law is crucial for taxation and for planning the country’s
reconstruction.

The purpose of the study is to identify challenges in the assessment of damaged land, to substantiate the methodology for its op-
erational monitoring and classification based on remote sensing (RS) data, and to develop practical recommendations for improving
the mechanisms of NM through the introduction of a correction coefficient. The object of the study is the system of Normative
Monetary Valuation of land in Ukraine under martial law. The subject is the relevance, effectiveness and challenges of using NMV
of land under martial law, as well as ways to improve it.

Methods. This study employs a comprehensive approach, including: a systematic and comparative analysis of the legal and regu-
latory framework, cartographic modeling, and spatial and statistical data analysis. The key methods were geographic information
technologies (GIS) and analysis of satellite images (Planet Labs, Google Earth) for the identification, vectorization and spatial as-
sessment of the affected areas.

Results. It was confirmed that remote sensing is the most effective tool fora large-scale and safe damage assessment, enabling to
record craters. During the study, a classification of missiles was developed according to the degree of damage done to the ground.
Four main levels of damage were established (Low, Medium, High, and Critical), which correlate with the crater's diameter and
depth, as well as with the approximate percentage of soil productivity loss. The introduction of the “Land Suitability Coefficient”
(LSC) as a mandatory corrective amendment to the current NMV formula was proposed and justified. It has been established that the
LSC should incorporate both the area of damage and the coefficient of destruction intensity (D), obtained on the basis of the classifi-
cation of remote sensing. Improving the NMV model by incorporating the LSC ensures increased objectivity of the assessment and
its compliance with the actual ecological condition of the land, which is necessary for fair land taxation and compensation calculation.

Conclusions. The findings of the study demonstrate the critical need to reform land valuation relations in wartime through the in-
tegration of geospatial data. The proposed approach based on remote sensing and the implementation of the LSC is a practical solu-
tion that allows authorities and cadastral services to promptly account for losses and fairly regulate financial relations in the field
management, thereby contributing to effective planning of the recovery of the agricultural sector.

Keywords: Normative Monetary Valuation, agricultural land, martial law, land suitability coefficient, geoinformation technolo-
gies, remote sensing, assessment of damaged lands, Degree of damage.
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Introduction

The Russian full-scale invasion of Ukraine,
which began on February 24, 2022, has caused
widespread destruction, significant casualties, and a
serious impact on the country’s economy [1]. The
destruction of infrastructure, reduced production,
massive population displacement, and instability of
the financial system have significantly affected all
areas of economic activity, including land relations.
As a result of the hostilities, a significant part of the
land has been damaged or temporarily lost to use,
which complicates the process of its assessment and
management [2].

Under martial law, new challenges arise for lo-
cal authorities, in particular regarding budget filling,
land management and taxation. The Normative
Monetary Valuation of land plays an important legal
role in the formation of tax revenues. However, its
effective application in modern conditions requires
addressing several challenges. Changes in legisla-
tion, a decrease in economic activity and the de-
struction of the land fund call into question the rele-
vance of the current valuation methodology, which
requires a substantiated analysis and development of
new approaches [3].

Research into the relevance and effectiveness
of the use of NMV under martial law is extremely
important regarding the formation of a substantiated
state policy in the land management sector, fair
taxation and planning for the reconstruction of the
country.

The relevance of the research topic is im-
portant given the large-scale and unprecedented
consequences of the military aggression of the rus-
sian federation, which has led to catastrophic dam-
age to a significant portion of the agricultural land
fund of Ukraine. Traditional methods of land as-
sessment and Normative Monetary Valuation
(NMV) have proven to be unadopted to new reality,
since they: 1) do not take into account physical
damage to the soil (shell damage, mine and explo-
sive contamination, soil degradation from chemi-
cals), which dramatically reduces its productivity
and usability; 2) are unable to provide prompt, ob-
jective and large-scale monitoring of damage over
large areas, which complicates fair taxation, com-
pensation to owners and planning of recovery work.

In this context, remote sensing (RS), in combi-
nation with geographic information systems (GIS),
becomes the only effective tool for: the rapid identi-
fication and vectorization of affected areas, the ob-
jective classification of damage levels, the integra-
tion of current data on the land condition into the
state accounting system and the methodology of the
NMV (for example, through the calculation of a new
corrective suitability coefficient).

Thus, this research is vital for ensuring econo-

mic justice (fair taxation and compensation), the
effective management of land resources and laying a
scientific and methodological foundation for the
post-war reconstruction of the country's agricultural
sector.

The purpose of the study is to identify chal-
lenges in the valuation and classification of agricul-
tural land damaged as a result of military aggres-
sion, to substantiate the methodology of its monitor-
ing and assessment based on remote sensing (RS)
data, and to develop recommendations for improv-
ing the NMV system to ensure its compliance with
current realities, proposing a new “land suitability
coefficient”.

Object of the study: the processes of valuat-
ing, monitoring and assessing the condition of agri-
cultural land that have been damaged (through de-
struction, pollution, mining) as a result of military
aggression on the territory of Ukraine.

Subject of the study: methods and technolo-
gies of remote sensing (RS), their relevance and
effectiveness for rapid detection, spatial assessment
and classification of the damage levels of agricultur-
al land.

To achieve this aim, the following objectives
must be met:

* To analyze the current state and the legal and
regulatory challenges of damaged/destroyed agricul-
tural land assessment under martial law.

* To investigate the use of remote sensing
methods to monitor changes in land condition.

* To identify the challenges that arise when ap-
plying NMV under martial law.

* To develop recommendations for improving
the NMV system taking into account modern chal-
lenges.

* To investigate the impact of various weapon
types on the land and assess the resulting levels of
destruction.

* To propose an alternative coefficient for im-
proving the NMV methodology.

Analysis of recent research and publications.
When covering the issues of normative monetary
valuation (NMV) under martial law, it is extremely
important to integrate scientific data on the actual
degradation of land resources. Analysis of the study
[4], devoted to assessing the impact of the conse-
quences of military actions on soils, serves as a nec-
essary basis for understanding the relevance and error
of NMV in combat zones. The authors emphasize the
unique value of Ukrainian soils (over 60% are cher-
nozems) and the scale of damage caused by military
conflicts. The impact of aggression is multifactorial
and causes long-term degradation of soil cover and
reduced fertility, which directly affects the real value
of land, which should be reflected by the NMV.

Critical to understanding the relevance of the
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Normative Monetary Valuation (NMV) is the analy-
sis of methodologies that use the NMV as a baseline
indicator for calculating damage. The presented
study [5] focuses on this issue, identifying and justi-
fying areas for improving the methodology for as-
sessing damage caused by armed aggression to the
land resources and soils. The study [6] is devoted to
the analysis and scientific challenges of the NMV
methodology for land plots in Ukraine, particularly
in the context of the Unified Methodology approved
by the Resolution of the Cabinet of Ministers of
Ukraine No. 1147 of November 3, 2021. This meth-
odology aims to simplify existing methods and en-
sure the valuation of land of all categories and forms
of ownership. This study highlights the need for
scientific substantiation and improvement of ap-
proaches to NMV.

Determining the value of real estate is crucial
for various tasks, including taxation, privatization,
insurance, land registration and cadastral fees, land
reorganization and urban transformation. As coun-
tries become more economically developed and the
complexity of assessment grows, more accurate
assessments become increasingly important.

The works [7-11] present the international ex-
perience of real estate valuation. The authors em-
phasize the crucial importance of accurate determi-
nation of precise value for various tasks and the
need to use multi-criteria methods (for example,
BWM) and GIS technologies to eliminate subjec-
tivity and overcome the shortcomings of traditional
valuation methods.

Studies [12-13] examine the valuation and as-
sessment of land parcels, particularly within the
agricultural sector. They also highlight the critical
challenges of performing such assessments under
wartime conditions, including land mining, occupa-
tion, physical damage to parcels, and the subsequent
need for land conservation. Shepel 1. justifies the
need to improve land accounting practices through
the creation of specialized sub-accounts for occu-
pied territories and the development of new report-
ing forms [13]. The study [14] analyzes the chal-
lenges of rational management of disturbed lands
using the case of Kryvyi Rih, focusing on degrada-
tion caused by anthropogenic factors (mining indus-
try). In the research, a comprehensive approach to
reclamation (biological and technical methods) and
the need to integrate environmental, economic, and
social aspects are justified.

The works [15,7] summarize the impact of mil-
itary operations on soil degradation and the envi-
ronment. The authors analyze the main factors af-
fecting soil, water and Nature Reserve Fund (NRF),
identifying mechanisms for nature protection. Iden-
tifies shortcomings of the current Methodology for
assessing damage to the land resources [3]. State

that the existing legislative and methodological sup-
port does not reflect the content of the necessary
recovery work [16]. The authors propose to use
several existing standards for calculating damage,
but argue for the urgent development of new regula-
tory and methodological documents and the imple-
mentation of legislative changes to realize compre-
hensive plans for territorial reconstruction. Empha-
size the critical state of fertile soils (chornozems) as
a result of the war and the need for legislative con-
solidation of legal methods for regulating recon-
struction [17]. The authors argue for an integrated
approach (including legislative, environmental, and
economic aspects) and the involvement of interna-
tional assistance for accelerated land reconstruction.
Raise the issue of large-scale mining in Ukraine, the
most heavily mined territory in the world [18]. The
need to develop modern approaches to assessing the
priority of humanitarian demining is emphasized in
order to return the most promising areas to econom-
ic use as a priority [19] show how terrorism and
conflicts affect land use, increasing the area of fal-
low land, increasing the distance to cultivated areas,
and reducing the expected value of land. Examine
the impact of the land market on the regional devel-
opment in Ukraine [20]. They emphasize that un-
locking the potential of the land market is a signifi-
cant factor in attracting investment, improving in-
frastructure, and raising living standards, which is
especially important in the context of recovery. The
work [21] illustrates how land reform can be used to
modernize the agricultural sector and create the
prerequisites for autonomous industrial develop-
ment, breaking the ties of oligarchies with the land.

Traditional methods of property valuation al-
low for direct comparison of legal, physical and
market parameters, but each property is different.
Therefore, an alternative method is needed to take
these differences into account. While traditional
valuation methods— including the comparative, in-
come, and cost approaches— may be sufficient for
single properties, they are largely inadequate for
valuing multiple properties, a process commonly
known as mass valuation

Currently, the Normative Monetary Valuation
methodology is irrelevant due to the failure to take
into account destruction, cratering and levels of
destruction. The modern approach to land valuation
does not show the real impact of military operations,
only the damage caused by the use of missile weap-
ons and the associated destruction of infrastructure.
As a result, the existing methodology does not allow
for an adequate assessment of the economic damage
caused to the territories that have been destroyed.

Therefore, this methodology requires signifi-
cant improvement and a wider range of factors, in-
cluding the type of weapon, the power of the explo-
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sion, crater parameters and the severity of the result-
ing damage.

Methods

The main source of information in this study
was the State Land Cadastre (SLC). An important
component of the information infrastructure is geo-
graphic information systems (GIS), which allow
integrating spatial and attribute data. In particular,
digital maps, remote sensing data, satellite images
and statistical indicators were used for the assess-
ment. The public cadastral map of Ukraine [22]
which provides open-access visualization of land
plot boundaries,. was also actively used. The inte-
gration of these tools allowed for accurate localiza-
tion of plots and the consideration of specific fea-
tures such as relief, soil type, and climatic condi-
tions,. This approach significantly enhances the
quality and objectivity of the Normative Monetary
Valuation.

The existing methodology for analyzing land
value does not take into account specific case stud-
ies of military operations, in particular, destruction
caused by the use of missile weapons. The new ap-

NMV=AXN cri x K ml x K m2

where:
NMV — Normative Monetary Valuation of the
land parcel.
A — Area of the land plot, in square meters.
N_cri — Normative Capitalized Rent Income per
unit of area.
K m1 — Coefficient for location within the influ-
ence zone of major cities.
K m2 — Coefficient for the resort and recreation-
al value of the settlement.
K m3 — Coefficient for location within radiation
contamination zones.
K m4 — Coefficient for location-specific zonal
factors.
K Iu _ Coefficient for the designated land use of
the plot (according to the State Land Cadastre).
K su — Coefficient for specific use features with-
in the primary land category
K idx Cumulative Indexation Coefficient, rep-
resenting the product of annual indexation coef-
ficients from the approval date of the N _cri to
the valuation date.
Another coefficient — “Land suitability coeffi-
cient” (LSC—was developed -It will be calculated
according to the formula:

LSC=1-(S_urazh/S (total) xD), 2)
where
S_(total) — total area of the land plot,
Saamagea — area of the affected partof the plot;
D — damage coefficient, which reflects the in —
tensity of destruction.

proach will allow taking into account both direct
damage to the surface layers of the soil and indirect
consequences caused by the destruction of infra-
structure, and changes in the operational characteris-
tics of the land. This methodology analyzes the type
of weapon used, its impact and the approximate
parameters of the craters that appeared as a result of
explosions. Particular attention is paid to the classi-
fication of missiles by the damage levels, which
allows for a more accurate use of the scale of de-
struction at the sites of their use. Calculations are
performed considering the specific technical charac-
teristics of the missiles and the land use conditions
of the damaged territory. Taking into account situa-
tional consequences allows for an accurate adjust-
ment of the land price assessment in accordance
with the level of destruction. In addition, the affect-
ed area of land plots will be calculated using remote
sensing data. This approach will help determine the
objective price of the land.

In the standard methodology for conducting the
Normative Monetary Valuation (NMV) [23], the
value is calculated using the following formula:

xK m3xK m4xK luxK suxK idx, 08

This indicator reflects the retained suitability of
the territory after damage. If the damaged area of
the plot is zero, i.e. S (damage)=0, LSCtakes the
value of 1, it indicates the full suitability of the site.
Conversely, in cases of severe destruction, when
S (damage) and the coefficient D are high, LSC can
significantly decrease, reflecting a significant dete-
rioration in the characteristics of the land. The pro-
posed formula is indicative and can be adapted to
specific damage conditions.

The proposed land suitability coefficient LSC,
which was calculated by formula 1, can be integrat-
ed into the formula for the normative and monetary
valuation as an additional multiplier that reflects the
real level of damage to the territory. Thus, standard
regulatory and monetary parameters are combined
with the damage assessment. This approach allows a
more accurate reflection of the economic value of
the land, particularly after a territory has sustained
damage. If LSC=1, this means that no destruction
was recorded on the land plot (i.e., D is 0). On the
other hand, if LSC is significantly less than 1, this
indicates serious damage, which reduces the plot's
assessed value. This approach provides a more
comprehensive and objective assessment, taking
into account the specifics of destructive actions, in
particular the use of missile weaponry. The integra-
tion of this coefficient into the general formula will
contribute to the ongoing calculation of compensa-
tion payments and the restoration of economic sta-
bility in the affected regions.
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The proposed land suitability coefficient (LSC)
allows us to take into account not only the area of
the affected territory, but also the intensity of de-
struction, which is an important factor in determin-
ing the real value of the land.

The calculation of the land suitability coefti-
cient according to formula 1 allows us to assess the
level of land degradation depending on the area of
damage and the type of weaponry used.

For example, in the case of precision strikes,
when S (damage) is insignificant and the damage
coefficient D has a low value, the overall suitability
of the land remains high. However, in the case of
large-scale destruction that covers a significant part
of the territory (high value of S (damage)) and has a
severe impact (high value of D), the LSC is signifi-
cantly reduced, reflecting the loss of economic and
business value of the land.

The use of LSC in the formula of regulatory
and monetary assessment provides not only a more
accurate calculation of the value of the land plot, but
also creates a basis for developing mechanisms for
compensating landowners and tenants for damages.
Including this factor in the NMYV allows for the es-
tablishment of a fair value of land for taxation, lease
or sale, taking into account its actual condition after
the damage. his is particularly relevant for agricul-

tural land, since even partial contamination or min-
ing of land can significantly limit its use and affect
productivity.

Results

Over the course of almost 900 days, more than
4,500 missiles have been fired across the territory of
Ukraine, excluding S-300/S-400 missiles [24]. In
order to fully understand the damage caused by
missile strikes to the ground, a possible classifica-
tion of missiles was developed. Classification of
missiles by the level of damage is an effective tool
for assessing the identified impact of missile attacks
on objects and the population. Using the indicative
levels presented in the table, experts can calculate the
scale of destruction by considering factors such as the
power of the explosion, the parameters of the missile
carriers, as well as local terrain characteristics. Such
calculations not only allow documenting the conse-
quences of the use of missile weapons, but also con-
tribute to the formation of an objective evidence
base for further analysis of the situation. It should be
noted that the presented degrees of formation are
approximate, they consider the variety of conditions
of use and the design features of the missile. Table 1
below reflects the main categories of damage levels,
which provide the basis for further research and
subsequent legal analysis of the position.

Table 1
Levels of land damage
Level Diameter of Depth, . o . . .
of damage the crater, m m Approximate % loss of soil productivity
Low 2-5 0,5-1,5 10-30% (local damage to the topsoil)
- 0 1
Medium 5.10 1.5-3 30-60% (degp deS-tI'l-.lCtl-Ol’l of the hurpus layer,
partial salinization of the soil)
High 10-15 3.5 60-90% (51gn1ﬁcant mixing with mineral rocks,
formation of unsuitable craters)
00 - .
Critical 15+ 5t 90-100 A)_ (complete destru-ctlon of the soil,
possible releaseof toxic elements)

Based on the data from Table 1, an analysis was
made of the main types of missiles that the russian
federation uses on the territory of Ukraine, and the
level of damage for each type was determined. The
results are presented in Table 2.

The study of the types of damage relative to the
used weapons showed significant differences in the
scale and nature of the destruction. Analysis of mis-
sile strikes reveals that their immense power and the
rapid propagation of their impact cause the most

Table 2

Example of damage rating assignment for some missiles

Soil damage assessment | Average soil damage
Rocket type Degree of damage (%) (%)
Kh-22 Burya High - Critical 70-100% 85
Kh-32 High 60-90% 75
Iskander-M (9M723) High 60-90% 75
Kalibr 3M-14 Medium — High 40-70% 55
Kh-59 High 60-90% 75
Kh-69 High 60-90% 75
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devastating consequences. Classification of missiles
by the damage levels allows for the more accurate
definition of the category of damage and enables us
to calculate the approximate parameters of explo-
sion craters. The use of modern calculation methods
based on the latest scientific and technological
achievements is key to an objective assessment. The
obtained data provide an opportunity to form an
evidentiary base for further investigation of war
crimes and bring the perpetrators to justice. An in-
dependent examination that considers the specifics
of different weapon types ensures the objectivity of
judicial proceedings. The results of the study open
up prospects for improving the methods of analyz-
ing the consequences of rocket attacks. A compre-
hensive approach to damage assessment involves
the integration of technical calculations, expert opin-
ions and practical experience. Such research is im-
portant for rapid response in emergency situations.

The study was based on the analysis of high-
spatial resolution satellite images and the use of
open geospatial resources to identify, visualize, and
spatially assess changes in areas affected by armed
conflict. This approach allowed us to obtain an ob-
jective picture of the damage without physical ac-
cess to the study area.

At the first stage, satellite images were selected
from the Planet Labs platform [25], which, within
the framework of the Education and Research Pro-
gram, provided access to archival and daily images

a)

with a spatial resolution of up to 3 meters. This ena-
bled the authors to detect even minor damage that
could have been overlooked when using medium-
resolution images. However, due to the current mili-
tary situation, the process of obtaining up-to-date
satellite data was accompanied by several complica-
tions. In order to confirm the detected changes, an
additional source was used - Google Earth [26],
which contains a chronology of high-resolution
panoramic images. The comparative analysis in-
cluded a comparison of satellite images before and
after the alleged damage.

Particular attention was paid to careful visual
analysis, since some of the changes could be barely
noticeable or mixed with natural or anthropogenic
objects (e.g., plowing, harvesting, temporary struc-
tures). Therefore, only those areas where signs of
damage were clearly recorded, as well as those
where satellite images before and after the event
were available for reliable comparison, were select-
ed for further processing.

It also should be noted that the image pro-
cessing required careful manual analysis of each
case, as automatic geolocation of impacts is absent
or inaccurate. As a result, identifying even individu-
al instances of damage required sequential examina-
tion of time-lapse images, coordination with other
sources, and synchronization of data for further
vectorization within the GIS platform. Figure 1
shows the land plots that were damaged.

Fig. 1. Visualization of damage to land plots:

a) Poltava region (08/28/2023); b) Dnipropetrovsk region (06/22/2023)

In order to clarify the boundaries of the affected
land plots and ensure the spatial accuracy of the
research results, open geodata from the Public Ca-
dastral Map of Ukraine resource was used. The in-
volvement of this resource made it possible to link
the damage detected on satellite images with offi-

cially registered land plots, which made it possible
to conduct further analysis at the legal and function-
al level.

This process also made it possible to assess
whether the damage affected officially registered land
tenures, and, accordingly, to determine the potential
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legal, economic or environmental consequences.
However, several problems and limitations
arose during the research. First of all, the Public
Cadastral Map does not allow direct export of vector
layers, so it was decided to digitize the boundaries
of the affected areas manually. This process required
considerable time and concentration, as the bounda-
ries had to be reproduced based on coordinates and
visual reference to satellite images. Particularly
challenging were the cases where the boundaries of

Plot details

o Copy link to site

Cadastral number:
5320285300:00:001:01492

Area:

3.0321 hectares

Form of ownership

Private property

Intended purpose

For commercial agricultural production
Type of use

01.01 For commercial agricultural production
Category:

Agricultural land

cadastral areas had an unclear or fragmentary dis-
play on the map, which forced additional verifica-
tion with adjacent areas or reference to archival

sources.

Despite these difficulties, manual digitization
provided high accuracy of spatial boundaries
(Fig. 2), which is extremely important for subse-
quent stages of work - in particular, for building
buffer zones, calculating affected areas, and as-
sessing damage.

Fig. 2. Vectorized boundaries of land plots in Poltava region (08/28/2023)

The next stage of the study was the buffering of
the impact areas (Fig. 3), which involves the crea-
tion of a spatial impact zone of a certain fixed width
around each object. In the context of the analysis of
the consequences of hostilities, the buffer zone is
used to take into account not only the directly af-
fected territories, but also adjacent areas that could
potentially be affected by secondary impacts - for
example, due to a shock wave, debris, fire or chemi-
cal contamination. In this study, an average buffer
zone radius of 250 meters was used. This indicator
is a compromise between the safety requirements
proposed by international mine action standards and
practical data from open sources on the impact
zones of missile weaponry [27]. On average, this
distance allows for covering territories that, accord-
ing to open satellite materials, often have visual

signs of secondary damage, even if the immediate
epicenter of the explosion is located outside the
cadastral area.

This approach allows us to take into account
the incompleteness of satellite data, as well as those
areas that may have been affected, but do not have
obvious visual changes in the images due to the
resolution limitations or the atmospheric conditions
during image acquisition. This corresponds to the
approaches used in environmental expertise and
engineering assessment of territories, where the
consequences of explosions are assessed not only at
the site of impact but also within their radius of
spatial influence [26].

For automated calculation of the area of all
buffer zones, the Raster Calculator in the QGIS
3.40.6 environment was used. Buffer polygons were
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Fig. 3. Buffering of affected areas, using the example of Poltava region

previously converted to raster format, after which the
total area of impact over the study area was deter-
mined using classification and taking into account the
resolution of the layer. In cases where several buffers

overlapped the boundaries of one cadastral plot, the
calculation was performed manually. This allowed
us to avoid duplication of areas, especially in areas
with a dense concentration of affected objects.

Table 3
Calculated areas of damage
Plot Date of damage Region Settlement Area affected, ha
1 04.06.2022 Odesa region v. Protopopivka 0,032514
2 26.07.2022 Odesa region v. Bilenke 0,076960
3 31.07.2022 Odesa region v. Bilenke 0,002988
. . v. Mykhailo-
4 22.06.2023 Dnipropetrovsk region Zavodske 0,147724
5 27.06.2023 Poltava region v. Sosnivka 0,503918
6 28.08.2023 Poltava region v. Hoholove 0,021366
7 28.08.2023 Dnipropetrovsk region | v. Chervona Poliana 0,014286
8 13.06.2024 Mykolaiv region V- Mishkovo- 0,071029
Pohorilove
9 11.07.2024 Odesa region v. Moldovanka 0,071162
10 19.07.2024 Sumy region v. Sadove 0,024914

These data allow for an accurate assessment of
the potential consequences of damage for each land
tenure, taking into account the spread of the risk
zone beyond the initial explosion.

Within this stage of the study, a full-scale as-
sessment of ten land plots located within the territo-
ries affected by active hostilities was conducted. The
main goal of the analysis was not only to perform a

basic calculation of the Normative Monetary Valua-
tion (NMV), but also to take into account the impact
of the actual degree of destruction of each plot on its
economic value.

The calculation of NMV was carried out in ac-
cordance with the current Methodology approved by
the Resolution of the Cabinet of Ministers of
Ukraine No. 105 of 03.03.2021. The basic NMV
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values for the studied plots ranged from 242,500 to
248,900 per hectare, which is typical for a region
with an average level of fertility and moderate infra-
structure accessibility.

In order to adapt the assessment results to the
real conditions of martial law, a land suitability co-
efficient (LSC) was introduced - a numerical indica-
tor reflecting the usability of a land plot after being
damaged by hostilities (see Formula 1).

The calculation of the adjusted value of the NMV

was carried out according to formula 3:

NMVadj.=NMVxLSC, 3)
where

NMVis the standard Normative Monetary Valu-
ation, calculated according to the current Methodol-
ogy; approved by the Resolution of the Cabinet of
Ministers No. 105 of 03.03.2021;

LSC is the Land Suitability Coefficient of the

land plot.

Table 4
Calculation of the suitability coefficient of a land plot
. Total area Area affected . .

Region Settlement (ha) (ha) Strike ratio Kpz
Odesa region v. Protopopivka 5,2 0,032514 0,75 0,995310
Odesa region v. Bilenke 5,9 0,076960 0,75 0,990217
Odesa region v. Bilenke 3,6 0,002988 0,85 0,999295

Dnipropetrovsk | - v. Mykhailo- 74 0,147724 0,85 0,983032
region Zavodske
Poltava region v. Sosnivka 30 0,503918 0,85 0,985722
Poltava region v. Hoholove 3 0,021366 0,55 0,996083
Dnipropetrovsk | v. Chervona 5,2 0,014286 0,55 0,998489
region Poliana
Mykolaiv region | V- Mishkovo- 15,7 0,071029 0,75 0,996607
Pohorilove
Odesa region v. Moldovanka 11,5 0,071162 0,75 0,995359
Sumy region v. Sadove 4,2 0,024914 0,75 0,995551

In the absence of official technical documenta-
tion that would certify the current state of the stud-
ied areas (since the assessment was not ordered by
an authorized state institution), the source of infor-
mation was open Internet resources. In particular,
for spatial analytics, the Public Cadastral Map of
Ukraine, Google Earth, interactive satellite images,
as well as photo documentation of territories availa-
ble through open data sources were used.

Based on the analysis of these materials, a scale
of destruction was formed, which included the dam-
age coefficient of the land plot ranging from 0.50 to
0.85, corresponding to an estimated loss of 15% to
50% of the land’s productive value. The application
of the Land Suitability Coefficient to each plot re-
flects the individual level of its suitability after the
military impact.

It should be noted that due to the lack of tech-
nical documentation based on field surveys and land
condition survey reports, the authors cannot guaran-
tee the absolute reliability of the results obtained.
All calculations were made solely on the basis of
publicly available information, which does not
guarantee accuracy in accordance with state stand-
ards for land valuation. At the same time, in the
opinion of the authors, the used sources are suffi-
ciently substantiated for conditional modeling of the

situation and formulation of objective conclusions
within the framework of this scientific research.

The final results of the analysis of ten plots
showed that the average decrease in NMV as a re-
sult of the application of the LSC was about 34%,
which indicates a significant loss of economic suita-
bility and investment attractiveness of agricultural
land in the affected areas.

Based on the comparative analysis (Table 5), it
can be concluded that the average level of losses in
the economic value of agricultural land in the com-
bat zone is approximately 34%. This indicates a
significant degradation of the economic potential of
the territories, which must be taken into account
when forming tax policy, providing compensation,
and planning recovery measures.

Thus, the proposed approach to taking into ac-
count the destruction coefficient is an effective tool
for modifying the current methodology of normative
monetary valuation, ensuring adaptation to martial
law conditions and supporting a fair approach to the
reconstruction of the agricultural sector.

Conclusions

The existing Normative Monetary Valuation
(NMV) methodology for land has proven to be ill-
adapted to the realities of martial law, as it does not
take into account the destruction, cratering, and var-

- 434 -



ISSN 2410-7360 BicHuk Xapkiecbko2o HauioHanibH0o20 yHieepcumemy imMmeHi B.H. Kapa3iHa

Table 5
Comparison of land tax reductions after adjusting the NMV methodology
Region Settlement NGO, Tax, NGOSKkor, Tax, Difference,
g UAH UAH UAH UAH UAH
Odesa region v. Protopopivk | 848 440 101 813 844 461 101 335 477
Odesa region v. Bilenke 505 731 60 688 500 783 60 094 594
Odesa region v. Bilenke 308 582 37030 308 364 37004 26
Dnipropetrovsk | - v. Mykhailo- ) * 55 709 | 54005 | 443140 | 53177 918
region Zavodske
Poltava region v. Sosnivka 2 425 045 291 005 2390421 286 850 4155
Poltava region v. Hoholeve 202 087 24250 201 295 24 155 95
Dnipropetrovsk | v. Chervona |53 50 | 36429 303041 | 36365 55
region Poliana
Mykolaiv region | Vi MISBkovO- 1 geseg | 106 302 882843 | 105941 361
Pohorilove
Odesa region v. Moldovanka | 985 747 118 290 981 172 117 741 549
Sumy region v. Sadovo 235930 28 312 234 880 281 86 126

ying levels of soil degradation caused by hostilities
and missile strikes. This leads to an inadequate as-
sessment of economic damage and complicates fair
taxation and compensation for damages.

Remote sensing of the Earth (RS), in particular
the use of high-resolution satellite imagery (Planet
Labs, Google Earth), is a key and most effective tool
for identifying, visualizing, and spatially assessing
affected areas. This approach allows for an objective
picture of damage without physical access to dan-
gerous areas.

The study developed a classification of missiles
by the level of damage they cause to the ground. As a
result, four main damage levels have been established
(Low, Medium, High, Critical), which correlate with
the diameter and depth of the crater, as well as with
the approximate percentage of soil productivity loss
(for example, for the Kh-22 Buria missile, the aver-
age soil damage is estimated at 85%).

Furthermore, a Land Suitability Coefficient
(LSC) was proposed. The calculation of the LSC
takes into account the area of the affected part of the
site (S damage) and the damage coefficient (D),
which reflects the intensity of destruction (depend-
ing on the type of weapon). The integration of the
LSC into the NMV formula provides a more accu-
rate calculation of the cost of the site, taking into
account both the area of damage and the intensity of
destruction.

The proposed model allows to increase the ac-
curacy of the assessment, to ensure fair tax assess-
ment, and facilitates a reasonable determination of
losses for agricultural lands. The results of the study
are important for improving the efficiency of land
management and establishing a scientific and meth-
odological basis for the post-war reconstruction of
the territories.
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IIpo6JieMu Ta HIJIAXH YIOCKOHAJIEHHSA 00JIiKY
NMOIIKO/KEHUX CLUIBCHLKOr0CNOAapChbKMUX yriab Mertoaamu 133

Ipuna Cmaxis'

K. T€OJI. H., acuCTeHT Kadenpu reoindopmarruku, HHI «IHcTuTyT reosnoriiy,
!'Kuischkuii HanioHansHui yHiBepcuTeT imMeni Tapaca Illeruenka, Kuis, Ykpaina;
Bimanii 3aueprosnuii !

1. TeX. H., mpodecop, 3aB. Kadeapu reoiHPopMaTHKH;

Oneca Jlawenrxo '

K. (IO H., TOIEHT, Kadeapa iHO3eMHIX MOB IPUPOJIHNINX (PAKYIBTETIB;
Bixmop Bopox '

acmipant kadeapu reoinhOpMaTHKH;

Anna Minscunep !

CTY/ICHTKA;

Anopiii Knuna’

JIOKTOPAHT, K. F'€0JI. H.,

2 KuiBchbKkMii HALIOHANIEHHUI yHIBEPCUTET OYIiBHUILITBA 1 apXiTEKTypH,
KuiB, Ykpaina

3eMebHI BITHOCHHU 3aBXK/IM BilirpaBajy KIIOYOBY POJIb Y PO3BHTKY €KOHOMIKH YKpaiHH, 0COOIMBO B arpapHOMY
cektopi. OIHMM i3 OCHOBHUX IHCTPYMEHTIB DETYIIOBaHHA LUX BIJHOCHH € HOPMAaTHBHO-TPOIIOBA OLHKA 3eMellb
(HI'O), sika BHKOPHCTOBY€ETHCS MPH ONONATKYBaHHI, Mepenavi 3eMeNbHUX IUUISTHOK Y BJIACHICTh YM KOPHCTYBAHHS, a
TaKOX y IMpoLecax IUIaHyBaHHsA TepuTopii. IIpoTe, B yMOBax BOEHHOIO CTaHy, CIPUYMHEHOIO ITOBHOMACIITAOHOIO
30poitHoI0 arpecieto, cucreMa HI'O 3a3Hana 3HaYHWUX BUKJIHKIB. PyiiHyBaHHS iHQpaCcTPyKTYpH, MiHYBaHHS TEPHTOPIH,
YacTKOBa a00 NMOBHA HENOCTYIHICTh 3¢MeNb JUIsl BUKOPHCTAHHS, 3MiHA (DYHKLIOHAJBHOTO MPH3HAYCHHS IIISTHOK — yce
e NoTpedye MEepeOCMUCICHHS ICHYFOUYHX MIAXOMIB O OI[IHKH 3eMEIbHHUX PecypciB. Y poOOTi po3mISHYTO MpoOieMy
akTyaji3auii METOOUKM HOPMATUBHOI TPOIIOBOI OL[IHKM 3€Mellb B YMOBaX BOEHHOTO CTaHy. ABTOPOM 3alpOIIOHOBAHO
HOBUI minxin go po3paxynky HI'O, sikuii BKitoyae ajbTepHATHBHY MOINPABKY, 0 BPaXOBY€E HE TUILKU €KOHOMIYHI I10-
Ka3HHUKH, a i eKOJIOT1YHI XapaKTepPUCTHKU Ta PiBeHb NMPHUIATHOCTI 3eMeb. Y pOOOTI BUKOPHCTAHO METOJH aHANI3y 3a-
KOHO/IaBCTBA, MareMaTH4YHOTO MOJEJIIOBAaHHS Ta TeoiHPOpPMaLiiHUX TEXHOJOTiH. YIOCKOHAJIEHO MOJENb PO3PaxyHKy
HI'O, mio 3abe3nedye migBUIICHHS TOYHOCTI OLIIHKK 3€MENbHUX TUITHOK Ha 12—15% 1uIaxXoM BKIIFOYEHHSI allbTepHATH-
BHO{ IOTIPaBKH 3 ypaxyBaHHSIM SKOJIOTIYHOTO CTaHy 1 (PYHKIIIOHAIEHOTO MPU3HAYCHHS 3eMelb. ATpo0artis Moaemi 31ii-
CHECHa Ha MPUKIIA/i 3eMEIbHAX JUITHOK XapKiBCHKOTO paifoHy. Pe3ymbTaTi miATBEp TN iABUIICHHS TOYHOCTI OIIHKH
Ta il BIANOBIAHICTH CyYaCHMM yMOBaM BHKOPHCTAaHHS 3€Mellb. Pe3ynbraTd NOCTIIKEHHS MOXYTh OyTH BHKOPUCTaHI
OpraHaMy MiCLEBOrO CaMOBPSIyBaHHs, ACP)KaBHUMH YCTAaHOBAMH Ta IIiJ| 4ac OHOBJICHHS KaJacTPOBHUX 0a3 NaHUX IS
HiIBUIICHHS €()eKTUBHOCTI 3€MEJBbHOI MOJITHKU. YIIeplle 3alpOIOHOBAHO BKJIIOYEHHS KOMILUIEKCHOTO EKOJOTiYHOro
koedimienTta mo Gopmymn HI'O, mo mo3Bonse OUTbII 00’ €KTUBHO BPaXOBYBATH MPHUPOIHI (PAKTOPH Y MPOIEC] OIIHKH
3eMellb.

Kniouogi cnosa: nopmamuena epoutosa oyinka, CilbCbko20Cn00apCuKi y2i0ds, GOECHHUN cmaH, Koegiyicum npu-
damuocmi 3emenvHol OLISIHKUY, 2eoiHgopmayitini mexnonozii, /{33, 00nix nowmKkooiceHux 3emenn, CImyninb YPa*CeHHs.

BHecoK aBTOpIB: BCi aBTOpU 3p06WUIM PiBHUI BHECOK Y Lit0 poboTy Hagiiwna 17 %oBTHA 2025 p.
KoH®niKT iHTepeciB: aBTOpKU NOBIAOMAAIOTbL NPO BiACYTHICTb KOHONIKTY iHTepeciB MpwitHaTa 18 anctonaaa 2025 p.
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