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Abstract

Intensification of economic development of the Arctic coast of Russia increases the vulner-
ability of its coastal territories and coastal eco-socio-economic systems, exposed to a com-
plex impact of natural and anthropogenic factors. Facing climatic changes and an increasing
anthropogenic load, these Arctic territories require a comprehensive scientific system
for analysing environmental and socio-economic risks of nature management to ensure their
sustainable development. The study aims to develop a model of risk assessment that com-
bines quantitative and qualitative indicator methods with a matrix method. The paper pro-
poses an innovative matrix method of risk assessment based on a three-component structure
(risk-source, risk-factor and risk-object). Each component of the system is characterised
by a unique set of classification attributes, and the relationships between them are quantita-
tively assessed by the method of expert assessments on a five-point scale. The developed
model of coastal management risks in the Russian Arctic contains two key matrices of risk
components: risk-factor — risk-source and risk-object — risk-factor. This allows for a com-
prehensive analysis of risk formation processes. The model was applied in practice to 17 local
coastal municipalities in the Murmansk Region. Using the developed methodology and
model as a tool enables a thorough evaluation of the effectiveness of measures aimed at re-
ducing environmental and socio-economic risks related to the Arctic coastal management.
This approach provides a scientifically sound basis for improving territorial planning and
forecasting the sustainability of Arctic coastal eco-socio-economic systems as an integrated
whole, thus contributing to the sustainable development of Arctic coastal territories. Inte-
grating the proposed model into management decision-making processes allows the dynam-
ics of changes in the natural environment and socio-economic conditions to be taken into
account in the mid- and long-term. This is particularly important for maintaining the bal-
ance in complex Arctic ecosystems.
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AHHOTAINA

WuTencudukanys Xo3sHCTBEHHOTO OCBOCHHSI apKTHIECKOTr0 obepexbst Poccnn nmpusoxut
K POCTY YS3BHMOCTH NPHOPEKHBIX TEPPUTOPHUiL, OEPETOBBIX 3KO-CONMO-3KOHOMHYECKUX
cucteM Apkrudeckoi 30HbI Poccuiickoin denepainu, MoABEPKEHHBIX KOMIUIEKCHOMY BO3-
JEeHCTBUIO MPUPOIHBIX U aHTPOIOTEHHBIX (PaKTOPOB. B yCIOBHAX KIMMAaTHYECKUX H3MEHE-
HUHA ¥ YBEJIMUEHHs aHTPOIOTEHHOW Harpy3KH BO3HHKAET HEOOXOJMMOCTh B pa3paboTke
KOMIUIEKCHOH HAay4HOM CHCTEMBI aHaln3a IKOJIOTHUECKUX U COIHAIBbHO-3KOHOMHUYECKHX
PHCKOB TPUPOAOTIONIL30BAHUS ISl yCTOWYHNBOTO PA3BUTHS MIPUOPEKHBIX TEPPUTOPHUIT APK-
TUYeCKOH 30HBI Poccuiickort Deneparmu. Llenb uccaeqoBaHus COCTOUT B pa3pabOTKe TaKkon
MOJIENIN OIIEHKH PUCKOB, KOTOpasi COYETaeT KOJMUECTBEHHbIE U KaueCTBEHHBIE HHANKATOP-
HbIE METOJIUKU C MaTpU4YHON MeTonukoi. IIpennoskeHa HHHOBAIIMOHHAsI MAaTPUYHAs METO-
JIKa OLEHKH PUCKOB, OCHOBaHHAasi HAa TPEXKOMIIOHEHTHOW CTPYKType (PUCK-HCTOYHHK,
pHUCK-(aKTOp U PHUCK-00BEKT). Kaskablii KOMIIOHEHT CHUCTEMBI XapaKTepH3yeTcs YHUKAIb-
HBIM HaOOpOM KJIACCH(UKAIMOHHBIX INPU3HAKOB, a B3aMMOCBS3M MEXIY HHUMH KOJIMYeE-
CTBEHHO OIICHMBAIOTCSI METOJIOM JKCIEPTHBIX OLEHOK I10 MATHOALTBHOM mmKaie. Paspabdo-
TaHHAas MOJENb PHCKOB MPHPOJOIONB30BaHMS Ha mobepexkse Poccuiickoit ApKTHKH CO-
JEPKUT JIBE KIFOUEBBIE MATPHIbl COCTABIISIOIINX PHUCKA: PUCK-(PAKTOP — PUCK-UCTOUHHK
U PUCK-00BEKT — PUCK-(AKTOP, YTO IO3BOJIAET MPOBOAUTH KOMIUICKCHBIH aHAIIU3 PHCKO-
oOpasyromux npoieccoB. [IpakTuueckoe MpUMEHEHUE MOJIENIU MPOBEICHO Ha MpPHMEpe
17 nokanpHBIX MPUMOPCKUX MYHHIHMINANBHBIX 0Opa3oBanuii Mypmanckoi obmactu. Ilpu-
MeHeHHEe pa3paboTaHHOW METOAMKU W MOJENH B KaueCTBE MHCTPYMEHTa IO3BOJISIET OCY-
IIECTBIISITh KOMIUIEKCHYIO OLEHKY 3()()EeKTHBHOCTH Mep IO CHIKEHHIO IKOJOTMYECKUX
Y COLIMAIbHO-9KOHOMUYECKHX PHUCKOB, CBS3aHHBIX C OEpPETrOBBIM apKTHYECKUM IIPHPOIO-
nosip3oBaHueM. Takoil moxxon obecrieunBaeT HaydHO 00OCHOBaHHYIO 0a3y JUIsi COBEpIIIEH-
CTBOBAaHUSI TEPPUTOPHAIBHOTO IIAHUPOBAHMS WM MPOTHO3a YCTOMYMBOCTH APKTUYECKUX
0EperoBeIX 3KO-COLMO-3KOHOMUYECKHUX CHCTEM KaK €AMHOTO KOMIUIEKCA, CIOCOOCTBYS
YCTOHYHNBOMY Pa3BHTHIO MPUOPEKHBIX TEPPUTOPUIT APKTUKHU. MHTErpanus npemiokeHHON
MOJIETIH B TIPOLIECCHI TIPHHATHS YNPABICHUYECKUX PEIICHUH JaeT BOBMOXXHOCTh YUHUTHIBATh
JUHAMHKY M3MEHEHUH MPUPOTHOI Cpebl M COIMANbHO-3KOHOMHYECKUX YCIOBHH B Cpel-
HECPOYHOU U JIOJTOCPOYHON MEPCIEKTHBE, YTO OCOOCHHO BayKHO JJIsl COXpaHEeHHUs OanaHca
B CJIOJKHBIX apKTHYECKUX IKOCHUCTEMAX.

KuaroueBble ciioBa: PUCKHU TPUPOAOIIOTIB30BaHNA, COLIUAIIBHO-OKOHOMWYCCKUE PUCKHU, KO-
JIOTO-5KOHOMHYECKUEC PUCKH, 6eper03aﬂ 9KO-COLIMO-39KOHOMHYECKass CUCTEMaA, ApKTI/IKa,
I/IHTeraJ'II:HHﬁ TMOKa3aTeJib prUCKa, S5KOJOrus Mprupoa00JIb30BaHus
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Introduction

Economic development in the Arctic has increased the vulnerability of coastal
ecosystems to natural and technogenic threats [1-5]. There is an urgent need to
establish a scientific basis for analysing the risks associated with the nature use and
their impact on the eco-socio-economic systems of the Arctic Zone of the Russian
Federation (AZRF). One approach to such an analysis is to use a matrix in combi-
nation with quantitative and qualitative indicators. In the context of the Arctic, this
approach can be implemented " by using modern methodological tools, particularly
cartographic and geoinformation methods [6—8] as well as marine spatial planning
[9].

The concept of risk has many definitions in general, primarily relating to
spheres of human activity that require assessment ? [5, 10]. In terms of nature use
in Arctic conditions, risks are associated with the probability of a negative event
occurring within a given timeframe, as well as the potential extent of damage. This
damage can be measured in monetary terms or other absolute values, e. g. the area
of exposed territory, volume of atmospheric emissions or the number of victims.
A year is typically used as the time period for assessing nature-use risks.

A number of Arctic-specific issues need to be considered and addressed in risk
assessment methodology [11-14]:

— creation of complex technical systems and the increased risk of nature use
in the Arctic should be seen as the result of technological progress and increased
use of natural resources;

D Gogoberidze, G.G., Shilin, M.B. and Rumiantceva, E.A., 2020. [Principles of Classification of Na-
ture Management Risks and their Interaction with Elements of the Coastal Eco-Socio-Economic
System of the AZRF]. In: Rumiantceva, E.A., ed., 2020. Regularities of Formation and Impact of
Marine and Atmospheric Hazardous Phenomena and Disasters on the Coastal Zone of the Russian
Federation under the Conditions of Global Climatic and Industrial Challenges (“Dangerous Phe-
nomena — I1”) in memory of Corresponding Member RAS D.G. Matishov: Proceedings of the Inter-
national Scientific Conference. Rostov-on-Don, pp. 318-320 (in Russian).

2 Buyanov, V.P., Kirsan, K.A. and Mikhaylov, L.A., 2003. [Riskology: Risk Management]. Moscow:
Ekzamen, 381 p. (in Russian).
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— Arctic coastal nature use has a complex structure and is subject to unique
risks that should be considered when developing territories and water areas;

—the impact of natural and anthropogenic risks on Arctic coastal eco-socio-
economic systems poses a significant threat of cascading disasters and hierarchic
systems catastrophes.

The coastal AZRF is characterised by two types of risk influencing nature-use
processes: natural risks (as a consequence of natural hazards) and anthropogenic
risks (including man-made disasters). While these types of risk to Arctic nature use
are fundamentally different, they often occur together. This makes the Arctic re-
gion and its coastal zones unique in terms of the vulnerability of all components of
coastal eco-socio-economic systems [15—17].

The study aims to develop a risk assessment model for Arctic nature use
in coastal areas of the AZRF based on a risk assessment matrix in a sustainable
nature use system. This will enable the spatial distribution of risk assessments to be
obtained and the most important risk factors to be identified. The model will also
be tested in seaside municipalities in the Murmansk region.

The article uses materials from conferences - ).

Methods

A matrix approach to the risk assessment of Arctic coastal nature use

Considering risk as infliction of harm with a certain probability, we can pre-
sent it as a chain of three links [5, 16, 17].

1. Risk source.

The Arctic coastal zone is a complex eco-socio-system in which economic ac-
tivity and nature use take place, and it contains potential sources of risk. The emer-
gence of threats influences the region's sustainable development.

2. Risk factor.

The occurrence of negative factors transforms potential risks into specific
events that threaten the objects and practices of nature use within the Arctic coastal
system. Such threats originate from the risk source.

3. Risk object.

As an integral part of the Arctic coastal system, risk objects are exposed to nega-
tive factors that jeopardise their stable functioning and sustainability. An integrated

3 Gogoberidze, G.G. and Rumiantceva, E.A., 2023. Integrated Model of Risks of Arctic Nature-Use
Management for the Russian Arctic Coastal Zone Based on the Interrelationship of Natural, Geo-
morphological and Technogenic Risk Factors. In: E. A. Rumiantceva, ed., 2023. [Prevention and
Elimination of Emergency Situations in the Arctic Zone of the Russian Federation : Proceedings of
the Scientific-Practical Conference, 4—7 April 2023]. Murmansk: MAGU, pp. 96-98 (in Russian).
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approach to risk management is therefore required to ensure the long-term sustain-
ability of the Arctic coastal zone.

It should be emphasised that the risk source and risk object in the Arctic
coastal zone are closely bound, forming a sequence of interrelated risk incidents.
Multi-stage accidents can be forecasted by applying the scenario method, whereby
an initial hazard source initiates a risk factor that affects a vulnerable object. This
object then becomes a generator of new risk factors, and the process repeats to
form a hierarchical structure known as a risk tree.

Given the proposed structure, the following classification can be introduced
[5, 17]:

1. Sources of risk:

— risk origin (the specific source generating the risk);

— controllability of risk reduction (the potential and effectiveness of measures
aimed at reducing or eliminating risk);

— impact on the coastal eco-socio-economic system (the impact of risk on the
environmental, social, and economic components of the coastal zone).

2. Risk factors:

— spatial coverage (the geographical area in which the risk occurs);

—time horizon of impact (duration of the period during which the risk has
an impact);

— predictability (possibility of predicting the time and nature of the risk mani-
festation);

— probability of occurrence (frequency of risk occurrence in a given period).

3. Risk objects:

— the direct recipient of the risk (i. e. an element or system that is directly af-
fected by the risk);

— the potential to induce a cascade of risks (the ability of a given risk to cause
other, more complex risks);

— the position in the risk cascade (the position of the risk in the sequence of in-
terrelated risk events);

—the scale of damage/consequences (the degree of negative consequences
which may arise as a result of the risk occurence).

As a result, we made up a list of basic elements for each of the above risk
components of the Arctic coastal eco-socio-economic system, as outlined in works
[16-18]. This list generally contains:

— risk source (19 elements);

—risk factor (21 elements);

—risk object (18 elements).
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Specialists assessed the relationships between the risk components using
a scale from one to five [17]. Based on the obtained data, two matrices describing
the components of the risk management process were developed:

— the first matrix is based on matching risk factors (in the rows) with sources
of risk (in the columns). This 21 X 19 matrix is designed to numerically assess
the intensity with which a certain risk factor is generated under the influence of
each considered risk source;

— the second matrix is a structure in which the rows correspond to risk objects
and the columns correspond to risk factors. This 18 x 21 matrix assesses the extent
to which each risk factor may influence the correct and effective functioning of risk
objects.

The key and minor risk elements for each matrix and structural component
were determined based on summing up the values for the corresponding rows and
columns.

The model of risks to Arctic nature use in the coastal AZRF

In accordance with the presented matrix approach for assessing the risk of na-
ture use in Arctic coastal eco-socio-economic systems, the risk assessment meth-
odology can be structured as an algorithm [5, 16].

1. The size of the risk matrices can be reduced by deleting the columns and
rows corresponding to risk sources, risk factors and risk objects that are not availa-
ble for a given local object.

2. The risk factors Ri are assessed using weight coefficients that are set ac-
cording to the characteristics of the region under study [5]. Of note, the correction
coefficients are actually matrices with a size coinciding with that of the matrices
reflecting the ratio of risk elements.

The coefficients are calculated in accordance with criteria [16—18], based on
analysis of the following data:

— information on past emergency situations of a natural or man-made origin.
This analysis involves identifying the causes of these situations and assessing their
consequences for the areas under consideration and adjacent territories;

— current and historical information on the situation of the study areas, ob-
tained using satellite information. These analyses include the extent and types of
development and infrastructure, coastline location, water’s edge patterns and other
spatial characteristics;

— information on the quantity and quality of infrastructure.

— plans for dealing with various emergency situations in the considered territo-
ries and adjacent areas;

— other information on the spatial and temporal features of the occurrence and
dynamics of risk factors in the study territories.
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3. The integral risk indicator Ry is determined by summing all the risk factors
Ri, adjusted by the appropriate territorial coefficients. It is calculated according to
the formula

Rine = X(R)).

The key conceptual principles of the model for Arctic coastal nature-use risk
assessment cover the following [5]:

1) the Arctic coastal eco-socio-economic system is a clearly defined geograph-
ical area. The boundaries of this system can be defined as follows, for example:

firstly, it may be a district-wide coastal municipality embracing adjacent ma-
rine areas;

secondly, the boundary may coincide with a coastal municipality consisting of
settlements and including inland water bodies;

thirdly, the boundary could be a key geographical feature, such as a settlement
with adjacent inland waters or other units characterised by interrelated environmen-
tal, social and economic aspects;

2) A non-dimensional method based on matrices describing risk components is
used to assess the AZRF territorial object's exposure to hazardous events and cal-
culate a comprehensive risk indicator. The first matrix, which compares risk factors
and risk sources, shows how strongly each risk source influences the formation of
the corresponding risk factor. The second matrix establishes the relationship
between risk objects and risk factors and determines the impact level of each risk
factor on the stable and effective functioning of the risk object in question. This
approach allows a comprehensive assessment of the territory vulnerability and re-
veals key factors determining the level of risk.

To illustrate the process of determining the level of risk associated with activi-
ties in the Arctic coastal zone, we analysed some coastal territories in the Mur-
mansk Region:

— the urban settlement of Kandalaksha. It is located in the southern Murmansk
Region. The settlement's territory is divided by the Kola Peninsula: the northern
part is on the peninsula while the southern one is on the mainland. To the south-
east, the area borders Kandalaksha Bay;

— the rural settlement of Teriberka. It is located in the northern Murmansk Re-
gion and is washed by the Barents Sea from the north;

—the rural settlement of Ura-Guba. It is located in the Kola District of
the Murmansk Region. The Ura River flows into the gulf of the same name here,
and the Kislaya Guba tidal power station is located nearby.

The study territories vary considerably in terms of key physical geographical
and socio-economic indicators. This allows us to assess the versatility of the pro-
posed methodology with respect to different types of Arctic coastal territory.
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For the urban settlement of Kandalaksha’s territory and the adjacent water
area, the initial matrices were slightly reduced: the risk factor-risk source matrix
was reduced to 19 x 16, and the risk object—risk factor matrix was reduced to
16 x 19. This is due to the exclusion of risk factors and objects that are not typical
of this area; while the number of risk factors was reduced by only two: earthquake
hazard and iceberg hazard.

Risk factor assessments according to risk component matrices, taking territori-
al correction coefficients into account, showed that the most significant risk factors
are as follows:

— fire (score 20.2);

— high water in river mouths / flooding of the territory (score 14.8);

— man-made accidents (score 13.7).

The risk factors that have a significant impact on this territory (an assessment
score ranging from 12.2 to 10.0) include solid waste pollution (in particular chemi-
cal and household waste); infectious and epidemiological hazards; abnormally high
temperatures (melting of glaciers and permafrost, and rising sea levels); emissions
of chemical pollutants into the atmosphere. The integral risk assessment score for
this territorial unit is 552.6.

For the rural settlement of Teriberka and the adjacent water area, the initial
matrices are reduced: risk factor—risk source to 16 x 11 and risk object-risk factor
to 11 x 16, due to the reduction in risk sources and risk objects not available in the area
in question. The following items were also removed from the list of risk factors:
earthquakes; the emission of chemical pollutants / toxic substances into the atmos-
phere; the emission of chemical pollutants / toxic substances onto land / into the hy-
drosphere; oil spills on land; and radiation contamination.

According to the risk component matrices, which take into account territorial
correction coefficients, the following risk factors were found to be the most signifi-
cant:

— fire (score 22.9);

— man-made accidents (score 14.0);

— high water in river mouths / flooding of the territory (score 12.0).

Other significant risk factors for the above territory (an assessment score rang-
ing from 9.7 to 8.3) include an abnormal high temperature regime (melting of
the ice cover and permafrost, and rising sea levels); infectious and epidemiolog-
ical contamination; wave and ice loads; and abnormal (intensive) precipitation.
The integral risk assessment score for the territorial entity is 379.2.

When analysing the territory of the rural settlement of Ura-Guba and the adja-
cent water area, the risk matrices were also optimised. The size of the risk factor—
risk source matrix was reduced to 15 % 13, and that of the risk object-risk factor
matrix was reduced to 12 x 15. Six risk factors were removed: earthquake, iceberg
hazard, emission of chemical pollutants / toxic substances into the atmosphere and
on land / into the hydrosphere, oil spill on land, and radiation contamination.
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Analysis of risk factor assessments using matrix models, taking into account
the correction coefficients determined for this territorial unit, revealed the follow-
ing most significant risk factors:

— fire (score 15.2);

— man-made accidents (score 12.0).

Other risk factors affecting the territory under consideration (an assessment
score ranging from 10.7 to 9.7) include solid waste pollution, in particular chemical
ones; municipal solid waste; infectious and epidemiological contamination; and
an abnormal high temperature regime (melting of the ice cover and permafrost, and
rising sea levels). The integral risk assessment score for the territorial unit was
274.9.

The presented model for the analysis of risks associated with the exploitation
of natural resources in the coastal AZRF allows not only establishing the geograph-
ical distribution of risk levels and identifying key risk factors, but also modelling
predictive assessments of risks and their components based on different scenarios.
This functionality is realised through the potential addition or deletion of major
infrastructure units or their aggregations.

Results

Risk assessment of sustainable Arctic nature use for the coastal zone of the Mur-
mansk Region

The developed model for assessing the risks of Arctic nature use in the coastal
AZRF was tested on 17 coastal territorial units of the local management level of
the Murmansk Region. Calculations were carried out according to the described
methodology using examples for local municipalities of the urban settlement of
Kandalaksha, the rural settlement of Teriberka and the rural settlement of Ura-Guba.
This allowed us to analyse the obtained results in the form of non-dimensional
assessments of risk and its components without detailing the calculations.

The main risk factors were identified for each territorial unit, and their contri-
bution to the impact assessment of the study territory was considered. The contri-
butions of natural and anthropogenic factors (excluding fire and infectious diseas-
es) were assessed separately. The selection of factors such as fire and infectious
diseases is conditioned by their special nature; these risks can be caused by natural
or anthropogenic factors or by a combination of these.

The analysis results showed that the identified risk sources produce the risk
factor in the Pechenga Municipal District most intensively. For this territory, the non-
dimensional assessment score of the source—factor relationship exceeds 180 (Fig. 1).

The main reason for the increased risk level in this municipality is the com-
bination of a relatively high population density and diverse landscapes. Conse-
quently, the Pechenga Municipal District shows a higher intensity of risk factor pro-
duction than other coastal districts in the Murmansk Region. The urban settlement
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Evaluation of the source-factor relationship

Fig. 1. The degree of risk-factors production from exposure to
risk-sources for the coastal local municipalities of the Murmansk
region

of Kandalaksha is the second in terms of the degree of impact of identified risk
sources with a source—factor relationship indicator of over 170. This high value is
due to the reasons similar to those described for the Pechenga Municipal District.
Kandalaksha is followed by the restricted administrative units of Vidyaevo and
Aleksandrovsk with a source—factor correlation indicator of over 160 for each terri-
tory. The lowest indicator of risk factor production (slightly over 100) is registered
for the rural settlement of Mezhdurechie.

When analysing the relationship between factors and objects in the coastal ter-
ritories of the Murmansk Region, we assessed the potential impact of risk factors
on the normal, effective functioning of risk objects. The objects of Kandalaksha
were found to be the most vulnerable. The non-dimensional assessment score for
this area exceeded 380, indicating a high risk (Fig. 2).

As for the Pechenga Municipal District, where the non-dimensional indicator
was over 340, this result can be explained by a significant number of risk-prone
objects concentrated in a densely populated coastal area of diverse topography.
These factors together substantially influence the normal, effective functioning of
the risk objects located in the region. The risk zone also encompasses objects
in Murmansk, Teriberka and the restricted administrative units of Vidyaevo, Ale-
xandrovsk, Severomorsk, Zaozersk and Ostrovny as well as in Kola and Tuloma.
In these territories, the assessment scores range from over 310 to approximately 200.
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Fig. 2. The degree of impact of the risk-factors on the normal
effective functioning of risk objects for the coastal local mu-
nicipalities of the Murmansk region

The lowest risk assessment score (over 85) was noted in the rural settlement of
Varzuga. This is due to the small number of objects in the area with dispersed pop-
ulation with a homogeneous landscape. Taken together, these factors suggest that
the potential risks have an insignificant impact on the normal and effective opera-
tion of risk objects in this region.

Analysis of the comprehensive risk assessment for the nature use in coastal
areas of Murmansk Region municipalities revealed that Kandalaksha's coastal zone
is at the highest risk. The integral risk assessment score for this area exceeds 550
(Fig. 3). This indicates that the occurrence probability for natural or man-made
risks in this municipality is approximately 10%.

The coastal systems of the restricted administrative units of Aleksandrovsk
and Vidyaevo as well as the Pechenga municipality and Murmansk are significant-
ly influenced by risk factors, with integral assessment scores ranging from 410 to
over 520. The lowest impact of risk factors is observed in the rural settlement of
Varzuga, where the score is below 200 and the occurrence probability for adverse
events (hazards) is 3%. Generally, the distribution of integral risk assessment val-
ues indicates a higher occurrence probability for various risks in relatively densely
populated areas with a large number of functioning objects and a diverse land-
scape.
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Fig. 3. Integrated risk assessment for the coastal local munici-
palities of the Murmansk region

Having analysed the key risk factors differentiated by their impact on Arctic
nature use objects in each seaside municipality, we can identify the following fea-
tures:

— fires have the greatest impact on the objects of the Pechenga Municipal
District (with a 9% probability of occurrence). The rural settlement of Varzuga is
the least vulnerable to this factor;

— the risk of high water in river mouths / flooding of the territory is also mini-
mal in Varzuga;

— nature-use objects of the urban settlement of Kandalaksha have the highest
(9%) probability of man-made accident risk among all objects of the Murmansk
Region;

— infectious and epidemiological contamination is the most probable (9%)
in objects of the Arctic coastal eco-socio-economic system of the Pechenga Munic-
ipal District compared to other municipalities of the Murmansk Region. The lowest
vulnerability to this factor is observed in Varzuga.

The analysis revealed differences in the degree to which natural and anthropo-
genic risk factors (excluding fires and infectious diseases) influence the seaside
municipalities of the Murmansk Region. The Pechenga Municipal District demon-
strated the highest contribution of natural factors (over 260, corresponding to a 9%
occurrence probability of an adverse natural phenomenon). This is due to a large
number of natural risk factors present in the district compared to other coastal munic-
ipalities. The urban settlement of Kandalaksha has the greatest contribution of an-
thropogenic factors (over 235, which corresponds to approximately 12% occurrence
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probability of an adverse event). This is due to the concentration of a large number
of technogenic objects in a relatively densely populated area. The rural settlement
of Varzuga shows minimum values of the complex contribution of both natural
(approximately 4% probability) and anthropogenic (approximately 2% probability)
factors. Thus, this settlement is the safest of the 17 coastal municipalities of
the Murmansk Region.

Conclusion

The model developed for assessing risks associated with natural resource use
in the coastal AZRF is based on a matrix methodology for assessing sustainability
risks in nature use. The model provides a spatial map of risk assessment scores and
identifies key risk factors. It considers a database of criteria, types, sources and
objects of risk, as well as their spatial scale and the nature of their impact. It also
allows for the assessment of different combinations of individual risk factors, such
as the impact of natural, anthropogenic and other factors.

It is possible to create cartographic materials and graphic models reflecting
the eco-socio-economic systems of Arctic coastal territories. This approach has
been successfully implemented using the Murmansk Region as an example.

Within the Russian Science Foundation project, the level of territorial risk as-
sociated with the nature use was assessed. This allowed developing recommenda-
tions for informed managerial decisions as to territorial planning and the rational
use of available resources. The resulting cartographic and graphic materials can be
used to optimise management and ensure the sustainable development of the Arctic
region.

The proposed model is a valuable tool for analysing risk dynamics and deter-
mining the overall level of risk associated with the commissioning or dismantling
of large infrastructure units or their complexes. The implementation of such a sce-
nario implies the development of a forecast of changes in the risk components val-
ues and corrective factors, which, in turn, allows obtaining an integral risk assess-
ment. Introducing the presented methodology and model will optimise territorial
planning procedures and ensure the sustainability of Arctic coastal eco-socio-
economic complexes. The improvement of this methodology and model is depend-
ent on analysing the risks of nature use and adapting to changes in environmental
and socio-economic spheres. This will provide flexibility when carrying out similar
risk assessments within the set tasks.

Ecological Safety of Coastal and Shelf Zones of Sea. No. 2. 2025 171



REFERENCES

1.

10.

11.

12.

13.

14.

172

Detter, G.F. and Iliasov, R.M., 2018. Evaluation of the Results of Approbation of
the Model of Integrated Coastal Zone Management on the Example of the Yamal-
Nenets Autonomous District. Scientific Bulletin of the Yamal-Nenets Autonomous Dis-
trict, (4), pp. 118—125 (in Russian).

Donskikh, D.V., Melnikov, A.O. and Lyui, K.E., 2023. Sustainable Development of
the Arctic Region: Main Theoretical Aspects. National Security, (4), pp. 39-51
(in Russian).

Filimonova, 1.V, Ivanova, M.V., Kuznetsova, E.A. and Kozmenko, A.S., 2023. Assess-

ment of Effectiveness of New Economic Growth Centers in the Arctic. Arctic and North,
(50), pp. 66-88. https://doi.org/10.37482/issn2221-2698.2023.50.66 (in Russian).

Morgunov, B.A., Terentiev, A.A. and Kozeltsev, M.L., 2019. Assessment of Transbounda-
ry Risks and Global Effects of Climate Change and Economic Activities in the Basins
of the Arctic Seas. Izvestiya Rossiiskoi Akademii Nauk. Seriya Geograficheskaya, (2),
pp. 100—-108. https://doi.org/10.31857/S2587-556620192100-108 (in Russian).

Gogoberidze, G.G., Shilin, M.B. and Rumyantseva, E.A., 2021. Natural and Technolo-
gy-Related Risks of Environmental Management in the Coastal Eco-Socio-Economic
Systems of the Arctic Zone of the Russian Federation. Regional Economics: Theory
and Practice, 19(2), pp. 360-383. https://doi.org/10.24891/re.19.2.360 (in Russian).

Kuzmin, S.B. and Lopatkin, D.A.,; 2020. Mapping Nature Management Risk
in the Russian Federation Districts. Geodesy and Carthography, 81(9), pp. 14-29.
https://doi.org/10.22389/0016-7126-2020-963-9-14-29 (in Russian).

Kulygin, V.V., 2018. Development of the Geoinformational Resource of Natural Haz-
ards Risks for Marine Economic Activities. InterCarto. InterGIS, 24(1), pp. 158-166.
https://doi.org/10.24057/2414-9179-2018-1-24-158-166 (in Russian).

Gogoberidze, G.G., Kosyan, R.D. and Rumiantceva, E.A., 2020. Method for
Comprehensive Assessment of the Stability of Coastal Eco-Socio-Economic Systems
on the Indicator Approach. Ecological Safety of Coastal and Shelf Zones of Sea, (3),
pp. 122-141. https://doi.org/10.22449/2413-5577-2020-3-122-141 (in Russian).
Ershova, A.A., Vitsentii, A.V., Gogoberidze, G.G., Shishaev, M.G. and Lomov, P.A.,
2018. Marine Spatial Planning: Possibilities for Maritime Areas and Adjacent Waters
of the Murmansk Oblast. National Interests: Priorities and Security, 14(2), pp. 269-287.
https://doi.org/10.24891/n1.14.2.269 (in Russian).

Akimov, V.A., Novikov, V.D. and Radaev, N.N., 2001. [Natural and Man-Made Emer-
gencies: Hazards, Threats, Risks]. Moscow: Delovoy Ekspress, 344 p. (in Russian).
Balandin, D.A., Balandin, E.D. and Pytkin, A.N., 2019. The Priorities of Spatial De-
velopment of the Arctic Territories. Journal of International Economic Affairs, 9(3),
pp- 1735-1746. https://doi.org/10.18334/e0.9.3.40926 (in Russian).

Lazhentsev, V.N., 2018. Socio-Economic Space and Territorial Development of
the North and the Arctic of Russia. Economy of Regions, 14(2), pp. 353-365.
https://doi.org/10.17059/2018-2-2 (in Russian).

Porfiryev, B.N. and Leksin, V.N., 2017. Drifting to Socially-Oriented Economy and
Sustainable Development of the Russian Arctic: the Input of Technological Mod-
ernization. MIR (Modernization. Innovation. Research), 8(S4), pp. 629—639.
https://doi.org/10.18184/2079-4665.2017.8.4.629-639 (in Russian).

Tsukerman, V.A. and Goryachevskaya, E.S., 2017. On the Methodology of Assessing
the Innovation Development Level of the Regions of the Arctic and the North. Sever i
Rynok: Formirovanie Ekonomicheskogo Poryadka, (3), pp. 57-68 (in Russian).

Ecological Safety of Coastal and Shelf Zones of Sea. No. 2. 2025


https://doi.org/10.1016/j.marpolbul.2023.115563
https://doi.org/10.1016/j.marpolbul.2023.115563
https://doi.org/10.1016/j.marpolbul.2023.115563
https://doi.org/10.1016/j.marpolbul.2023.115563
https://doi.org/10.1016/j.marpolbul.2023.115563

15. Bakaev, A.A. and Sakharova, S.M., 2024. Assessment of the State Management Effec-
tiveness of Socio-Economic Development of the Arctic Zone of the Russian Federation
Based on a System of Balanced Indicators. Central Russian Journal of Social Sciences,
19(1), pp. 150—-171. https://doi.org/10.22394/2071-2367-2024-19-1-150-171 (in Rus-
sian).

16. Rumiantceva, E.A., Gogoberidze, G.G., Lednova, Yu.A. and Efimenko, E.A., 2024.
Assessment of Risks of Nature Management in the Coastal Zone of the Murmansk
Region Based on the Matrix-Indicator Approach. Ekologiya. Ekonomika. Informatika.
Seriya: Sistemny Analiz I Modelirovanie Ekonomicheskikh I Ekologicheskikh Sistem,
1(9), pp. 92-95 (in Russian).

17. Gogoberidze, G., Rumiantceva, E. and Shilin, M., 2021. Risk Assessment of the Arctic
Coastal Nature Management Based on the Matrix Approach. Russian Arctic, 15, pp. 5-16.
https://doi.org/10.24412/2658-4255-2021-4-05-16 (in Russian).

18. Gogoberidze, G.G., Rumiantceva, E.A. and Shilin, M.B., 2021. Classification Features
and Specific Forms of Components of Nature-Management Risks for the Coastal Eco-
Socio-Economic System of the Arctic Zone of the Russian Federation. In: SSC RAS,
2021. Regularities of Formation and Impact of Marine and Atmospheric Hazardous
Phenomena and Disasters on the Coastal Zone of the Russian Federation under the Con-
ditions of Global Climatic and Industrial Challenges (“Dangerous Phenomena — III”)
in Memory of Corresponding Member RAS D.G. Matishov: Proceedings of the Interna-
tional Scientific Conference (Rostov-on-Don, 15—19 June 2021). Rostov-on-Don: SSC
RAS Publishers, pp. 123—126 (in Russian).

Submitted 07.08.2024; accepted after review 14.10.2024;
revised 25.03.2025; published 30.06.2025

About the authors:

George G. Gogoberidze, Leading Research Associate, Murmansk Arctic State University
(15 Kapitana Egorova St., Murmansk, 183038, Russian Federation), DSc (Econ.), Asso-
ciate Professor, ORCID ID: 0000-0002-0537-0268, Scopus Author ID: 6507697703,
ResearcherID: E-6597-2014, gogoberidze.gg@gmail.com

Ekaterina A. Rumiantceva, Senior Research Associate, Murmansk Arctic State Universi-
ty (15 Kapitana Egorova St., Murmansk, 183038, Russian Federation), PhD. (Phys.-Math.),
ORCID ID: 0000 -000 3-29 16-3092, Scopus Author ID: 57205164298, ResearcherID:
T-2221-2018, rumkate@rambler.ru

Yulia A. Lednova, Associate Professor, Higher School of Hydrotechnical and Power Engi-
neering, Peter the Great St. Petersburg Polytechnic University (295, Politekhnicheskaya St.,
Saint Petersburg, 195251, Russian Federation), PhD (Geogr.), ORCID ID: 0000-0003-2051-
1994, Scopus Author ID: 56076423700, ResearcherID: H-3062-2014, lednovajulia@mail.ru
Ekaterina A. Efimenko, Research Engineer, Murmansk Arctic State University (15 Kapitana
Egorova St., Murmansk, 183038, Russian Federation), ORCID ID: 0009-0007-3557-1937,
efimenkoea@mauniver.ru

Ecological Safety of Coastal and Shelf Zones of Sea. No. 2. 2025 173


https://doi.org/10.1016/j.marpolbul.2023.115563

Contribution of the authors:

George G. Gogoberidze — general scientific supervision of the study, study goals and ob-
jectives statement, development of methodology and approaches, development of matrix
approach and risk model, formulation of directions for further study, discussion of the work
results, conclusion drawing, preparation of the manuscript

Ekaterina A. Rumiantceva — development of the matrix approach, analysis of the compu-
tational results, discussion of the article materials and work results, preparation of the man-
uscript, text revision

Yulia A. Lednova — literature review on the study problem, development of the matrix
approach, collection of information for calculations, formulation of directions for further
study, discussion of the article materials and work results, conclusion drawing, text revision
Ekaterina A. Efimenko — collection of information for calculations, discussion of
the article materials and work results, conclusion drawing, text revision

All the authors have read and approved the final manuscript.

174 Ecological Safety of Coastal and Shelf Zones of Sea. No. 2. 2025



	Abstract
	Introduction
	Methods
	Results
	Conclusion
	REFERENCES
	About the authors:



