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Abstract. The regulatory and legal principles of designing water protection zones and
their role in protecting the natural environment, determined the boundaries of coastal
protection strips and the influence of relief on the size of restriction zones is analyzed.
The territory of the Kamianopotokivska territorial community in the Kremenchuk district
of the Poltava region is studied. The water bodies of the study area were classified, and
the normative values of coastal protection strips were determined according to their
sizes in accordance with the requirements of current legislation. Based on open data
on the relief of the territory, slopes were calculated and doubling of coastal protection
strips within slopes exceeding 3 degrees was provided.

A geospatial dynamic model for designing coastal protection strips of water
protection zones, taking into account legislative norms and relief, and their impact on
types of activities, has been developed. The model was created and tested using the
Model Builder software module in ArcGIS Pro.

As a result of the study, the model was applied to the collected input data and
coastal protection strips of water protection zones were designed within the studied
area. The territories were identified and analyzed, the ownership rights of which are
encumbered in accordance with the designed water protection zones. This model is
dynamic and suitable for use for production purposes at the local level (within territorial
communities).

Keywords: water protection zone; coastal protection strip; territorial community;
water bodies; design of water protection zones; GIS technologies; geographic
information systems.
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Relevance

Conservation and rational use of
water resources is the key to the sus-
tainable development of any territory.
In the context of the growing impact
of climate change, active land use and
urban expansion (urbanization), the de-
sign of water protection zones based on
the provision of coastal protection strips
(CPS) is becoming critically important.
These strips (CPS) act as natural filters,
effectively counteract soil erosion, and,
accordingly, significantly improve wa-
ter quality.

To ensure spatial planning and make
the right management decisions regard-
ing the design of water protection areas,
geographic information systems (GIS)
are an indispensable tool. They allow
taking into account multi-criteria fea-
tures.

In particular, the Kamianopotokivs-
ka territorial community in the Poltava
region has significant natural wealth
and an extensive network of water bod-
ies. This requires the implementation
of special, well-thought-out measures
to protect its coastal zones. Only taking
into account local features — such as to-
pography, hydrological conditions, and
the current land use structure — will al-
low building a realistic and ecological-
ly balanced model for designing water
protection zones using GIS tools.

Analysis of recent research and
publications

The main ecological purpose of CPS
is to protect water bodies from pollution
and minimize the negative impact of
economic activity. Scientific studies, in
particular the work of American scien-
tists (M.G. Dosskey et al.), confirm that
the vegetation cover along water bodies

significantly reduces the concentration
of chemical pollutants coming from
the sloping areas. This process occurs
due to natural filtration: plants retain
harmful substances, decompose organ-
ic compounds, and, importantly, slow
down surface runoff, ensuring better
water penetration into the soil. In addi-
tion, buffer vegetation effectively acts
as a barrier for heavy metals and patho-
genic microorganisms, delaying them
on their way to the river bed [1].

CPS are of particular importance for
reducing the nitrogen content in water,
which is critically important for pre-
venting eutrophication of water bodies
(excessive enrichment with nutrients).
A meta-analysis (P.M. Mayer et al.)
showed that buffer strips can retain up
to 85% of nitrates originating from ag-
ricultural lands. Given the widespread
excessive application of nitrogen-con-
taining fertilizers in Ukraine, the func-
tion of CPS to stabilize the ecological
state of rivers becomes vital [2].

Along with the water protection
function, CPS performs an important
anti-erosion role. Dense vegetation re-
liably strengthens the shoreline, which
leads to a decrease in landslides, soil
erosion, and siltation of riverbeds. Stud-
ies (Osborne Ta Kovacic) emphasize that
coastal vegetation slows down water
flows, thereby reducing hydrodynamic
pressure on the banks. This prevents the
destruction of the shoreline even during
floods, which makes this function a pri-
ority in flood-prone regions [3].

In addition, CPS is a key element in
the preservation of biodiversity. They
serve as habitats for many species of
birds, amphibians, fish and insects, as
confirmed by the conclusions of the Eu-
ropean Environment Agency. Coastal
protection strips also serve the role of
ecological corridors, ensuring the mi-
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gration of animals and maintaining the
genetic diversity of populations. In the
context of the fragmentation of natural
environments caused by intensive land
use, these strips remain the only con-
necting link between isolated natural
areas [4].

Coastal protection strips also have
significant social significance: they are
recreation areas (rest), improve the mi-
croclimate in settlements, reduce noise
levels, absorb dust, and improve the qual-
ity of life in general. As the EPA report
notes, coastal protection strips provide
important ecosystem services for com-
munities and contribute to the populariza-
tion of environmental education [5].

For the full realization of the eco-
logical potential of coastal protec-
tion strips, their spatial continuity and
proper legal regulation are necessary.
Although Ukrainian legislation estab-
lishes requirements (for example, a ban
on plowing land, using chemicals, and
erecting buildings), violations often oc-
cur in practice. This not only reduces the
effectiveness of water body protection,
but also creates environmental threats.
The existing control system requires
modernization, expansion of the powers
of local environmental inspections, and
the introduction of public monitoring.

A feasible step is the introduction
of a single state standard for environ-
mental assessment of the WPA, which
would integrate European experience.
Protective strips should be integrated
into river basin management plans, in
accordance with the European Green
Infrastructure policy. Success requires
coordination at the level of interagency
cooperation and increased control by
state environmental structures. Equally
important is the participation of public
organizations in initiating environmen-
tal measures, conducting information

campaigns, and monitoring compliance
with requirements.

The effectiveness of water protection
zones depends on the quality of spatial
planning, legal control, and community
involvement in the protection of water
resources. Butenko, E., Vovna, M., &
Prykhodko, M. Define spatial planning
as an effective tool for managing land
resources in territorial communities [8].
Modern environmental policy should
be based on the integration of scientif-
ic data, legal mechanisms, and interna-
tional experience.

The purpose of this study: the geo-
spatially modelling of coastal protection
strips of water protection zones of the
territory based on GIS technologies.

Materials and methods
of scientific research

This work was developed in accor-
dance with regulatory legal acts, norms
and rules on land valuation: the Land
Code of Ukraine, the Water Code of
Ukraine, Resolution of the Cabinet of
Ministers of Ukraine dated May 8, 1996
No. 486, the Law of Ukraine “On En-
vironmental Protection” dated June 25,
1991 No. 1264-XII, the Law of Ukraine
“On Regulation of Urban Development
Activities” dated February 17,2011 No.
3038-VI. Open-access data, information
from the State Land Cadastre, Google
Hybrid, OpenStreet Map, and SRTM
were also used in the development.
Among the methods used were analyt-
ical methods, cartographic geoinforma-
tion, graphic, and statistical.

Research results and their
discussion

The object of the research is the ter-
ritory of the Kamianopotokiv territo-
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rial community of the Poltava region.
According to Article 58 of the Land
Code of Ukraine, "to create a favorable
regime along the seas, around lakes,
reservoirs and other water bodies, wa-
ter protection zones are established, the
boundaries of which are indicated in
land management documentation, urban
planning documentation at the local and
regional levels. Information about the
boundaries of water protection zones
is entered into the State Land Cadas-
tre. The procedure for determining the
size and boundaries of water protection
zones and the regime for conducting
economic activities in such zones are
established by the Cabinet of Ministers
of Ukraine."

Water protection zones include CPS
as well as additional territories on which
restrictions also apply, but are less strin-
gent. Within the boundaries of water
protection zones, lands of coastal pro-
tection strips and diversion strips with a
special regime for their use are allocat-
ed. The procedure for determining the
size and boundaries of water protection
zones and the regime of economic ac-
tivity in them was approved by the Res-
olution of the Cabinet of Ministers of
Ukraine of May &, 1996, No. 486.

According to the above Resolution,
"the internal boundary of the water pro-
tection zone coincides with the mini-
mum water level in the water body",
and "the external boundary of the water
protection zone, as a rule, is tied to the
existing contours of agricultural lands,
roads, forest belts, floodplain bound-
aries, floodplain terraces, slope edges,
beams and ravines and is determined by
the line furthest from the water body:
flooding at the maximum flood (flood)
water level, which is repeated once in
ten years; bank erosion, meandering;
temporary and permanent flooding of

lands; erosion activity; coastal slopes
and severely eroded lands". That is, to
accurately determine the outer boundar-
ies of water protection zones, periodic
studies of changes in the shorelines of
water bodies are required.

In most cases, water protection zones
coincide with coastal protection strips;
that is, they are minimized. Within the
coastal protection strips (CPS), a num-
ber of strict rules have been established
that restrict economic activity. Infor-
mation about the boundaries of coast-
al protection strips and beach zones is
entered into the State Land Cadastre as
information on restrictions on land use.
The legislation prohibits:

* plowing land (with the exception
of areas used for haymaking or grazing
livestock);

 storage and application of agro-
chemicals, including mineral fertilizers
and pesticides;

 construction of capital structures
(residential, industrial, or other) that
may potentially threaten the aquatic en-
vironment;

+ arrangement of landfills and place-
ment of warehouses with toxic sub-
stances;

* mining;

* organization of parking lots and car
washes.

The legal mechanism for regulating
the CPS is strengthened by the provi-
sions of the Law of Ukraine "On Envi-
ronmental Protection". This Law em-
phasizes that the preservation of water
resources 1s a priority task of the state's
environmental policy.

It establishes that any activity relat-
ed to the use of natural resources must
comply with the principles of sustain-
able development and strictly comply
with environmental requirements. The
Law obliges all business entities (re-
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gardless of the form of ownership) to
comply with environmental standards,
emphasizing the priority of environ-
mental protection interests over purely
economic expediency. Thus, the envi-
ronmental component is decisive in the
formation and provision of the legal re-
gime for the use of coastal territories.

An important role in the legal sys-
tem is played by the Law of Ukraine
"On regulation of urban planning activ-
ities". It obliges to take into account the
CPS when developing master plans for
settlements and other urban planning
documentation. This requirement en-
sures the integration of environmental
restrictions directly into the processes
of spatial planning and development of
territories. Establishing requirements
for coastal protection at this level allows
for effective avoidance of violations at
the stage of construction project imple-
mentation.

One of the key regulatory documents
that determines the parameters of coast-
al protection zones (CPS) is the Reso-
lution of the Cabinet of Ministers of
Ukraine No. 486 of May 8, 1996. This
document establishes the Procedure for
determining the size and boundaries of
water protection zones and the manage-
ment regime in them.

The width of the CPS depends on the
category of water body:

« for large rivers, it must be at least
100 meters;

* for medium-sized rivers - 50 me-
ters;

* for small rivers, streams, and ponds
- 25 meters.

Within settlements, these minimum
indicators can be reduced, but not lower
than the limit established by law. When
developing project documentation, hy-
drological characteristics, terrain relief,
the current type of land use, and envi-

ronmental load are necessarily taken
into account. However, in practice, the
lack of a clear procedure for drawing
the boundaries of CPS in nature (on the
terrain) creates significant difficulties in
their implementation.

The process of establishing water
protection zones and water protec-
tion zones is implemented through the
preparation of land management docu-
mentation. Currently, Ukrainian legisla-
tion does not provide for the creation of
a separate, specialized document solely
for fixing these boundaries. In fact, the
boundaries of CPS and WPZ are deter-
mined as an integral part of:

* documentation on the development
of the territory;

* technical materials on the estab-
lishment of restrictions on land use;

¢ land management projects that di-
rectly relate to the formation of water
protection zones.

According to Article 26 of the Law
of Ukraine “On Land Management”,
any restrictions on land use must be in-
troduced on the basis of technical doc-
umentation, which includes scientific
justification, spatial schemes, plans, and
a detailed description of the territory use
regime.

The State Standard OSU SCLR
00032632-005:2009 “Land Manage-
ment. Land Management Projects for
the Creation of Water Protection Zones.
Development Rules” serves as an im-
portant methodological source for land
managers. It provides a structured ap-
proach to collecting initial information,
analyzing the ecological state, the na-
ture of the riverbed, coastal vegetation,
and existing infrastructure. The stan-
dard also defines the stages of coordi-
nation of documentation with executive
authorities, local communities, and state
cadastral authorities.
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The implementation of these re-
quirements is clearly illustrated by the
practice of developing community mas-
ter plans. Here, CPS are necessarily
considered as zones with a special land
use regime. Their spatial representation
is critically important for the formation
of functional zoning plans for the terri-
tory, which meets the requirements of
the State Building Standards of Ukraine
State Building Codes B.2.2-12:2019
"Planning and Development of Territo-
ries".

A modern and effective solution is
the use of geographic information sys-
tems (GIS) for modeling and designing
the boundaries of water protection zones
and coastal protection strips. GIS al-
lows you to automate the consideration
of natural conditions (relief, catchment,
surface runoff) and quickly analyze the
compliance of design solutions with the
real situation. Thanks to remote sensing
data and geospatial databases, it has be-
come possible to create high-precision
interactive CPS maps.

At the first stage of geospatial model-
ing, water bodies are classified by type:
polygonal and linear, and standards for
designing coastal protection strips are
determined. After the construction of
buffer coastal protection zones, their
unification is envisaged. At the second
stage, the relief was used, slopes were
constructed, and slopes were classified
by steepness. For those territories that
exceeded 3 degrees, they were separat-
ed, and those territories that are includ-
ed in the coastal protection zones and
have slopes that exceed the permissible
values were determined. Such territo-
ries are doubled and combined with
those territories that are defined by the
limit norms of the current legislation
at the first stage to avoid duplication of
the areas of restrictions. Thus, the final

completed model takes the form, Fig. 1.

In Fig. 1, blue circles indicate the
input files, namely the vector format of
data on the boundaries of water bodies
and a raster image of the relief. Yellow
rectangles are the applied tools, in par-
ticular, data selection, buffer creation,
intersection, extraction, reclassification,
data extract, raster model to vector con-
version, and union. Green circles that
come out of the yellow rectangles are
intermediate files, the result of each re-
sult. For example, the resulting image of
this model is a vector format file called
Output Feature Class.

The result of executing the GIS geo-
spatial model using ArcGIS Pro made it
possible to design the territories of the
coastal protection strips of the Kami-
anopotokivska community, Fig. 2.

The total area of the territory in-
cluded in the coastal protection zone
is a significant 3706.01 hectares. The
analysis revealed that a significant part
of this territory is not typical for zones
that should be directly adjacent to wa-
ter bodies. In particular, 204 agricultur-
al land plots were identified within the
coastal protection zone, the total area of
which exceeds 47 hectares.

This fact is of concern, since for such
plots located in the coastal protection
zone, the legislation establishes strict
restrictions. According to Article 61 of
the Land Code of Ukraine, in the coastal
protection zone of rivers and water bod-
ies, it is strictly prohibited:

* plowing of land;

* application of mineral fertilizers
and pesticides;

* creation of dumps;

* carrying out any other activity that
may cause water pollution.

The following categories of land fell
within the boundaries of the coastal pro-
tection strips of water protection zones:
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Fig. 2 The border of the Kamianopotokivska community with the designed
coastal protection strips of water protection zones

Table 1. Distribution of land within the coastal protection zones of water
protection zones by category

Ne Category Number of land Area,
parcels hectares
1 Water fund lands 2 0,51
2 Residential and public development land 10 0,49
3 Lands of forestry purpose 74 3564,86
4 Lands of agricultural purpose 204 47,02
5 Land of industry, transport, communications, energy, 10 91,10
defense, and other purposes
6 Lands of recreational purpose 3 2,03
total 3706,01

forestry lands (3564.86 ha), water fund
lands (0.51 ha), and recreational lands
(2.03 ha). In accordance with Articles
60 and 63 of the Land Code of Ukraine,
these lands are either already part of the
natural protection belt or perform the
function of supporting the hydrological
and ecological balance. Their inclusion
in the CPS not only does not contradict

the protection regime, but also enhances
the environmental efficiency of the ter-
ritory. For example, forest plantations
stabilize soils, prevent erosion, and ab-
sorb part of the surface runoff. The wa-
ter fund is naturally an element of the
CPS, and recreational lands, as a rule,
have minimal technogenic impact and
contribute to the formation of an eco-
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logical culture. At the same time, more
than 91 hectares of land classified as
industrial, transport, communications,
energy, defense, and other purposes
were identified in the CPS. According
to Articles 60 and 61 of the Land Code
of Ukraine, it is strictly prohibited to
place facilities in these territories that
may negatively affect the state of the
water environment, including ware-
houses, gas stations, and storage facili-
ties for harmful substances. All existing
engineering structures must be operated
only under strict compliance with envi-
ronmental standards, with all protective
measures and constant monitoring. Fail-
ure to comply with these requirements
creates a risk of pollution of surface and
groundwater, which is especially dan-
gerous in densely populated regions.
Ten residential and public develop-
ment sites with a total area of 0.49 hect-
ares have also been recorded within the
protective strip. Article 61 of the Land
Code of Ukraine prohibits the construc-
tion of capital structures in the CPS,
except for hydraulic engineering and
facilities specially provided for by law.
It is also forbidden to arrange cesspools,
septic tanks, and sewage systems with-
out proper treatment. These restrictions
are aimed at protecting water bodies
from pollution and preserving the nat-
ural drainage balance. The presence of
even small areas of development within
the boundaries of the CPS creates po-
tential environmental threats [6].
Article 88 of the Water Code of
Ukraine and Article 60 of the Land
Code of Ukraine clearly regulate that
the boundaries of coastal protection
strips for all water bodies without ex-
ception must be established on the basis
of individual land management projects
[7]. Within settlements, these projects
must take into account the requirements

of urban planning documentation. Ac-
cording to the explanations, existing fa-
cilities already located in the CPS may
continue to be operated if they do not
violate the established regime. Howev-
er, such facilities are subject to all re-
strictions, including the prohibition of
any new construction on the relevant
land plots. These restrictions are effec-
tive from the moment the relevant regu-
latory legal acts enter into force (Article
111 of the Land Code of Ukraine).
Based on the results of the study,
a student research paper was written,
which took 3rd place in the 1st round
of the All-Ukrainian competition of
student research papers in the specialty
"Geodesy and Land Management".

Conclusions and prospects

The results of spatial analysis re-
vealed both areas registered in the State
Land Cadastre (SLC) that comply with
the environmental protection regime,
and a significant amount of land that
falls under the restrictions established
by the Land Code of Ukraine. Namely,
over 91 hectares of land classified as
industrial, transport, communications,
energy, defense, and other purposes,
and ten areas of residential and public
development, the total area of which
was 0.49 hectares. This confirms the
critical need to use GIS technologies in
planning the development of territories
to ensure compliance with environmen-
tal requirements when forming land use
boundaries. The designed CPS model of
water protection zones not only iden-
tified conflict areas, but also outlined
opportunities for further spatial plan-
ning in accordance with environmental
standards. This geospatial model can
be supplemented with multiple studies
of changes in the shorelines of water
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bodies to accurately determine the outer
boundaries of water protection zones or
dynamically update them according to
an established algorithm.
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AHomayia. [poaHaniz08aHO HOPMAMUBHO-PABO8I3acadU NMPOEKMYBAHHA 80000XOPOHHUX30H

ma ix posb 0719 OXOPOHU MPUPOOHO20 cepedosullya, 8UHAYEHHS MeX( NpUbepexHO-3axXUCHUX CMye

ma enaue pesnvegy Ha po3mipu 30H obmexrceHs. [JocnioreHo mepumopito Kam'sHonomokiecsKoi
mepumopiansbHoi 2pomadu  KpemeHuyyybkomy palioHi [lonmascekoi obaacmi. [lposedeHo
Knacugikayito 800HUX 06’ekmie mepumopii 00CniOHEeHHS, 8U3HAYEHO HOPMAMUBHI 3HAYEHHS
npubepexcHo-3axXUCHUX cMye 8i0rnosiOHO 00 ix po3mipie 32i0HO 8UMO2 YUHHO20 3aKoHodascmaad. Ha
OCHO8I 8i0KpumMux OaHUX Mpo pensedh mepumopii 30ilicHEHO PO3PAXYHOK cxunie ma nepedbayeHo
MO0OBOEHHSA NpubepercHo-3axXUCHUX CMy2 8 MEXAX CXusie NoHad 3 2padycu.
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Po3spobneHo eeonpocmoposy OUHAMIYHY MOOEesb MPOEKMYBAHHA MPUbepexHo-3aXUCHUX
CMy2 80000XOPOHHUX 30H 3 YPaXy8aHHAM 3AKOHOOa8YUX HOPM ma pesbegy ma ix enaue Ha sUou
disneHocmi. Modens cmeopeHo ma anpobosaHo 3a 00NOMO20K0 NpPo2pPamHo20 Modyna Model
Builder 8 ArcGIS Pro.

AK pe3ynbmam 00CniOMEHHS, 30CMOCOBAHO Modenb 00 3i6paHux 6xiOHux OaHux ma
30rPOEKMOBAHO NpubepedHo-3axXUCHIi cMyau B80000XOPOHHUX 30H 8 MeM(ax O00C/iOXYy8aHOI
mepumopii. BusHayeHo mepumopii ma nposedeHO IiX aHani3, NPaso 671acHoCMi Ha AKi
obmsaxyromoscs 8i0NogioHO 00 3ArNPOEKMOBAHUX B0000XOPOHHUX 30H. [laHa Moodenb €
OUHAaMiYHO ma nPUAamMHOK 00 30CMOCYBAHHSA Yy BUPOBHUYUX YinfaX HA /I0KA/IbHOMY pisHi (8
MeXtax mepumopiaabHUX 2pomad).

Kntouoei cnoea: 80000XOpPOHHA 30HA; MpPUOEPeHcHO-3aXUCHA CMyad; MmepumopianbHa
2pomada; 800HIi 06’eKmu; NPOEKMYBAHHA B0O00OXOPOHHUX 30H; 'IC mexHornoezii; 2eciHgpopmayiliHi
cucmemu.

N2 3'2025 87



