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Abstract

The marine coastal zone is characterized by extremely intense natural processes. It is also
an area of particularly intense economic expansion. This makes it necessary to consider
the coastal zone as a single eco-socio-economic system, which takes into account
the variability of the spatial scale of the impact and stability of the existing processes —
from local to district and further to regional and global levels. This requires
comprehensive monitoring of the sustainability not only of regions but also of lower-level
territories. However, at present, there are no unified methods for determining the
sustainability of such coastal territorial systems. The paper proposes a criterion-statistical
approach to assess the sustainability of local coastal eco-socio-economic systems in the
form of a complex system of indicators by three factors of sustainability: natural-
ecological, economic and social ones. As a result, it becomes possible to obtain
quantitative estimates for individual factors and those in the form of a comprehensive
integral index of the sustainability of the local coastal eco-socio-economic system. The
application of the approach allows assessing the sustainability of local coastal systems
and performing an appropriate spatial analysis, with the identification of stable (key)
and unstable local coastal systems as territorial units of the local level of governance.
This approach is universal and is approved in 18 local Black Sea coastal municipalities of
the Krasnodar Krai. In the future, the approach will be used for implementation of the
Coastal eco-socio-economic systems of the Krasnodar Krai GIS, which will allow for
spatial territorial planning and forecasting of sustainable development of coastal eco-
socio-economic systems at all levels of governance (regional, district and local).
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AHHO Tanus

BeperoBast 30Ha MODsI XapaKTepH3yeTCst KpaiiHe HHTeHCUBHBIMH IPUPOAHBIMU MPOLIECCAMU.
Kpome Toro, oHa siBisieTcsi 06/1acThi0 0COOEHHO BBICOKOH SKOHOMHYECKOW 3KCIIAHCHM.
OT0 NPUBOAUT K HEOOXOIUMOCTH PAaCCMAaTPUBATL MOPCKYIO OEPEroBYIO 30HY KaK eIUHYIO
GeperoByr0 FKD-COLMO-9KOHOMUUECKYFO CUCTEMY, YUUTHIBAFOLIIYIO TIPOCTPAHCTBEHHBIE MaCILI-
TabObl BO3/EUCTBYS U CTETEHb YCTOMUMBOCTH MPOUCXOSIINX TIPOIIECCOB: OT JIOKAJBHOTO
K palioHHOMY U Jjajiee K PervoHaIbHOMY U TI00abHOMY ypoBHsM. [Ipu 3ToM Heo6xoaum
KOMIUTe KCHBII MOHUTOPHHT YCTOWYHMBOCTH He TOJIFKO PETHOHOB, HO 1 TEpPUTOPHIA Ooee
HI3KMX MepapXudecKrX ypoBHel. OfHAKO B HACTOsIIIee BpeMsl He CyIeCTByeT YHU(UII-
POBAHHBIX METO/IOB OTIpeZiesieHrs yCTOMUMBOCTH HU3KOYPOBHEBLIX OEPETOBLIX TEPPUTO-
pUaNBHBIX crcTeM. B paboTe mpefjiaraeTcs KpUTepHabHO -CTAaTUCTHYeCKUM TTOAX0[
KOL|eHKe yCTOMYMBOCTH JIOKA/BHBIX 0eperoBbIX 3KO-COLMO-IKOHOMHUYECKHX CHCTeM
B BUJIe COBOKYITHOCTY MHJMKATOPOB IO TpeM (haKTopaM YCTOHUMBOCTU: TIPUPOJHO-3KOJI0-
TUUEeCKOMy, SKOHOMMUECKOMY U COLMa/bHOMY. B pesysbTaTe CTaHOBUTCS BO3MOXKHBIM
TIO/TyYMTh KOJIMUeCTBeHHbIe OLeHKM yCTONUMBOCTH I10 OTAe/MbHBIM (hakTopaM U B BUjie
KOMIUIEKCHOTO MHTErpa/IbHOTO MH/EKCA YCTOMIMBOCTH JIOKAILHOM OEperoBoil 3K0-CoIpo-
9KOHOMUUECKOU CHCTeMBI. TIprMeHeHHe JaHHOTO TIOAXO/A TI03BOJIIET OLEHUTH CTa0W/Tb-
HOCTb JIOKQJIbHBIX OepPeroBbIX CHICTEM U BBITIOJHUTL COOTBETCTBYFOIIMI MPOCTPAHCTBEH-
HbI{ aHa/IM3 C BbIB/IEHHEM YCTOWUMBBIX (Y3/I0BBIX) M HEYCTOMUMBBIX JIOKA/LHBIX Gepe-
TOBBIX CUCTeM KaK TepPUTOPHA/IbHBIX eJUHUL] JIOKA/IbHOTO YPOBHS yTIpaB/ieHusl. [JJaHHbIN
TIOJXO/1 SIB/SIETCS YHUBEPCA/IbHBIM M arpoOHpoBaH Ha 18 JoKa/IbHBIX TIPUMOPCKHUX MyHH-
LINabHBIX 00pa30BaHUsIX palioHOB YepHOMOPCKOTO TIobepeskbsi KpacHoaapCKoro Kpast.
B panbHetiem moxoz Gy et Ucrob3oBaH NpH peamzariyn ['MIC-060/10uky «beperoebie
5K0-COLM0-5KOHOMUUECKUe crcTeMbl KpacHOZiapckoro Kpasi», UTo MO3BOJIMT OCYILECTB-
JHITH TIPOCTPAHCTBEHHOe TeppPUTOpHa/bHOe IVIAHMPOBAaHME U TPOTHO3UPOBATh YCTOWUU-
BOE pa3BUTHe OEPEeroBbIX IKO-COLMO-IKOHOMIUECKHX CHCTEM Ha BCEX YPOBHSIX yTIpaByie-
HusI (DervoHa/IbHbIM, PaliOHHBIN U JIOKAJIbHbIMN ).

KaoueBble cj0Ba: Oeperopasi 3K0-COLMO-3KOHOMIUECKasi CUCTEMA, JIOKa/TbHBIN MPOCT-
PaHCTBEHHbIH YPOBEHb, YCTOWUMBOCTh, KPUTEPHALHO-CTaTUCTUUECKUH TI0[X0/], CCTEMa
WHAUKaTOpOB, YepHoe Mope, KpacHoaapckuii Kpait

BnarojapHocTH: UCC/eJ0BaHYE BBITIOJHEHO NpY (prHaHCOBOM mofjepykke PODU u
AnvHrcTpanmn KpacHoiapckoro Kpast B paMkax HaydHoro rpoekta Ne 19-45-230001 p_a.
[HetansHast MH(OpPMALWS 10 OT/eJBHBIM palioHaM YepHOMOPCKOTO Tiobepexxbst oT TamaH-
CKOTO MOJIyOCTpOBa [0 AHambl MOJIyyeHa B TOM UYMCJe MpH Nojjepkke rpaHta PODU
Neo 20-05-00009, ot AHariel o pexu Ilcoy nipu nopgepskke npoekra PH®D Ne 20-17-00060.
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Introduction

Considering various types of economic activities in the seas and oceans, it
should be noted that actually all of them are closely linked to the coastal zone.
Being a natural border area of three environments, it is characterized by
a dramatically intense interaction of natural processes and expansion of
the economic activity. This is generally accompanied by an increasing
anthropogenic impact on the natural environment. It leads to the necessity to see
the coastal zone as a unified eco-socio-economic system given the variability of
spatial scales of impact on the natural environment and sustainability of
the existing processes: from the local to the district level and further to
the regional and global levels. At the same time, talking about sustainability
of territorial systems, the factors and parameters of sustainability of global and
regional scale are generally considered and less often those of the district spatial
level, whereas very little attention is paid to local territorial systems. Though
the management of territories as eco-socio-economic systems depends not only
on economic and social factors but also on natural ones as well as ecosystem
patterns [1-4].

Thus, it is necessary to perform comprehensive monitoring of
the sustainability of territorial objects, including the eco-socio-economic analysis
of development factors not only for the regions as a whole, but also for the
territories of lower hierarchical levels. When applied to a local spatial level, this
approach will significantly improve the reliability and validity of comprehensive
development forecasts and reflect the feasibility of strategic objectives for
development of territories of high spatial scale (districts and regions) in general
[5-11].

The paper considers the criterion-statistical approach to the sustainability
assessment of local coastal eco-socio-economic systems, which is calculated
through a set of indicators of various sustainability factors. A local coastal
municipality together with inland waters is considered as a local coastal system.
Examples of such coastal systems are the Black Sea coastal municipalities of
Krasnodar Krai settlements. This approach allows for a comparative assessment
of sustainability of local coastal systems, both as a whole and by various
components, and identification of the most significant factors affecting
the sustainability of a territorial coastal entity.

Key approaches to the assessment of the sustainability of coastal eco-

socio-economic systems
The sustainability of a system is understood as ability of the latter to ensure

normal functioning of resource use processes under the existing set of natural,
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environmental, social-economic and other factors [1]. At present, there are
various approaches to the assessment of the sustainability of eco-socio-economic
systems, including those focused on coastal territorial entities. However, most of
the research addresses the levels of countries and regions, while at the local level,
except for cities, mechanisms of balanced development of territories are poorly
considered [10, 12, 13]. A number of works are specialized in territorial entities
of a certain type ”, including coastal areas [1, 13—18]. In addition, some works
contain to a certain extent a comprehensive approach to the assessment of
the sustainability of the territory and consider environmental and economic,
economic and managerial and other relationships. But these studies are mostly
regional in nature [19-24].

The systems of assessment of the sustainability of territories at the district
and local spatial levels have been studied less extensively, mainly due to lack of
available statistical data. Methods for assessing the socio-economic development
of territories of district municipal entities of the Russian Federation (RF) are
the most widespread and developed. The calculation of sustainability is based on
integral and partial criteria, reflecting the state (mainly socio-economic) of
municipal entities; similar aspects are devoted to the works of foreign authors
[25-29]. When building the systems of indicators that allow assessing
the sustainability of territorial entities, the statistical approach based on official
data of statistical agencies is mainly used. This approach makes it possible to
build a mathematical model and establish the relationship between the indicators
of various factors under consideration by applying methods of analysis of
variance and regression statistics of dual regression equation. Such models are
often linked to a specific region® or constituent entity of the Russian Federation
[30-36]. In foreign methodologies, a significant part is played by expert
systems based on the integral opinion of invited experts as well [12, 15, 26, 27,
29, 37-40].

However, such systems are mostly of a general nature. The result is that the
final estimates are less informative and unspecific as well as highly dependent on
the experts’ subjectivity extent in relation to the territorial entity in question. The
wide application of the first group of statistical methods is quite understandable
for the regional level, for which a range of statistical products of the global,
federal and regional levels is available. But for lower territorial levels (especially
for local municipalities) the number of such indicators drops dramatically.
In addition, natural parameters gain greater importance, e. g. geomorphological

Y BSC, 2013. Guideline on Integrated Coastal Zone Management in the Black Sea. Turkey:
The Commission on the Protection of the Black Sea against Pollution, 2013. Available at:
http://blacksea-
commission.org/Downloads/Black_Sea ICZM_Guideline/Black_Sea_ICZM_Guideline.pdf
[Accessed: 11 March 2022].

2 Bobylyov, S.N., Zubarevich, N.V. and Solovyova, S.V., 2011. [Sustainable Development:
Methodology and Methods of Measurement]. Moscow: Ekonomika, 358 p. (in Russian).
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indicators of coastal stability, which are not available in statistical digests at all.
The variability of such parameters generally cannot be considered using rigorous
statistical methods. In this case, it is necessary to use expert-criterion approaches,
which allow a guantitative assessment of an element of coastal system stability
based on an expert opinion but using an unambiguous system of criteria and
classification attributes [1, 15, 38—-40]. On the whole, it is evident that the two
discussed methods need to be combined into a single criterion-statistical approach
to assessment of sustainability of an eco-socio-economic coastal system at
the local spatial level.

Factor elements of the criterion-statistical approach to assessment of
the sustainability of local coastal eco-socio-economic systems

One of the main convenient methods for assessment of the sustainability of
coastal eco-socio-economic systems is the indicator method. It is based on
identification of the main factors determining the sustainability of a coastal
territorial system and the development of a system of indicators describing these
factors. This approach makes it possible both to assess the current sustainability
of a coastal system and to analyze the development trends of this territorial
system as a whole and by individual factors and to take into account their
interrelation. In contrast to coastal eco-socio-economic systems at the regional
and district management levels, the local spatial level is characterized by the
absence of explicit geopolitical, geo-economic, and other long-term sustainability
factors. In this regard, it is possible to consider three factors as components [1]:
natural-environmental, economic, and social. Each of these factors is determined
by a set of indicators, the values of which are calculated on the basis of statistical
or expert-criterion approaches. The methods for calculating the indicators are
given in [1] and are based on the following principles.

1. The indicators are presented in dimensionless form by calculating
the transition from the absolute values of the indicators.

2. The indicators take values from -1 to +1 (maximum negative and
maximum positive degree of impact of the considered parameter on the system,
respectively), which will allow smoothing strongly prevailing indicators during
the assessment of the sustainability factor.

3. Indicators derived by applying the expert-criterion approach are minimally
characterized by a subjective expert opinion and are based on clear parametric
and spatial indicators.

4. When calculating a single sustainability factor and integral indicator,
indicators are considered without using weight functions [1, 12, 13, 17]. Their
introduction will lead to ambiguity in assessing the importance of each indicator
due to the artificial prevalence or underestimation of any eco-socio-economic
direction.
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5. Within a single sustainability factor, indicators do not depend (no cross
impact) on each other.

On the basis of these principles, sets of 8 indicators have been created for
each considered factor of the coastal eco-socio-economic system sustainability.
Methodologies for calculating statistical indicators are given in [1], and
the primary sources of expert-criterion indicators * are [14, 15, 37-41].

The comprehensive integral index of the local coastal eco-socio-economic
system sustainability is calculated as the average of all indicators and allows
the development of an assessment scale of sustainability classes. At the same
time, the calculation of integral indicators as a set of individual indicators does
not use any weight functions, thus avoiding ambiguity while assessing
the importance of each indicator [1, 17].

Indicator calculation algorithms for assessing the sustainability of local
coastal eco-socio-economic systems

Indicators of natural-environmental sustainability

Indicator of geomorphological sustainability of coasts

The indicator values are calculated using the method of expert-criterion
assessment based on the expert assessment of the local coastal eco-socio-
economic system typification by five gradations: from rocky and fjord coasts with
very little abrasion (1 point) to fine-sand beaches, including sandy sediments, salt
marshes, deltas, etc. (5 points), according to the formula

, ( 0 )
E T -1
=1 !
! 100 1

5 +1, (1)

where T; is an assessment of the gradation of the i-th type of coast, an integer
within 1...5; p; is the percentage of the i-th type of coast length of the total coast
length, %.

Coast retreat indicator

The indicator is calculated by the formula (1) using the criterion assessment
method based on the assessment (according to remote sensing data) of
accumulation or retreat of coasts of the local coastal eco-socio-economic system
typified by five gradations: from coast accumulation over 2 miyear (1 point)
to coast retreat over 2 m/year (5 points).

Ig =

Coast instability (abrasion) indicator

The indicator values are calculated using the criterion assessment method
based on the ratio of the length of falling abrasion coasts of the local coastal
eco-socio-economic system to the total length of its coastline, according to
the formula

_1-pkus (2)
Lo

where Ly is the length of abrasion coasts, km; L is the total length of the studied
section of coast, km.
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Fortified coastline indicator

The indicator is calculated using the criterion assessment method based on
the ratio of the length of the fortified coastline of the local coastal eco-economic
system to the total length of its coastline, according to the formula

L
lec =2ﬁc—1, (3)

where Lgc is the length of the coast with a positive score for the parameter in
question, km.

Indicator of uncontaminated parts of coastline

The indicator values are calculated using the formula (3) according to
the criterion assessment method and based on the ratio of the length of
uncontaminated parts of the coastline of the local coastal eco-socio-economic
system to the total length of its coastline.

Natural hazard intensity indicator

The indicator is calculated using the criterion assessment method and
includes the following set of parameters:

1) frequency of storms with wind speeds exceeding 15 m/s, by five
gradations from <5 % (1 point) to >12 % (5 points);

2) height of waves of 3% exceedance probability, by five gradations from
<1m (1 point) to >4 m (5 points);

3) tidal heights, by five gradations from < 0.3 m (1 point) to >2 m (5 points).

The calculation formula is as follows

1, Ziszl(Wr pi )+ Z;;(Wai' Pi )+Zi5=1(Tii' pi)
2 6 ’

las (4)
where the assessment of the gradation of the i-th coastal type is determined by
the following parameters: W; — by the 1* parameter, an integer within 1...5;
W, — by the 2" parameter, an integer within 1...5; Ti; — by the 3 parameter,
an integer within 1...5.

The value for each characteristic is calculated based on the percentage ratio
of the types of coastline of the local eco-socio-economic system to the respective
assessment to the total length of its coastline.

Protected areas (PA) indicator

The indicator values are calculated based on the deviation degree of the PA
area present in a local coastal municipality from the total PA area present on the
RF territory (as a territory of a higher spatial level), with the normalization per
area unit, according to the formula

PASL 4 ¢ PALSL
o = PAE /Sg PAE /Sg ()
1 if L/SL>2,
PAE /SE
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where PA_ is the value of the parameter for a municipality; PAg is the value of
the parameter for the RF as a whole; S is the value of the normalizing index for
a municipality; Sg is the value of the normalizing index for the RF as a whole.

Indicator of solid municipal waste removal
The indicator is calculated using the formula (5) based on the degree of

deviation of the value of solid waste removal from sources located in the local
coastal municipality from the total value of solid waste removal from sources
located in the RF (as a territory of a higher spatial level), normalized per unit of
population.

Indicators of the economic sustainability

Indicator of the recreational attractiveness of the coastal
system
The indicator values are calculated using the formula (1) according to

the method of expert-criterion assessment based on the expert assessment of
the local coastal eco-socio-economic system typification by five gradations: from
a very high degree of recreational attractiveness (1 point) to its absence (5 points).

Indicator of anthropogenic hazards intensity
The indicator values are calculated using the formula (1) according to

the method of expert-criterion assessment and based on the expert assessment of
the local coastal eco-socio-economic system type by five gradations: from
the actual absence of anthropogenic hazards for the coastal territory (1 point) to
an absolutely anthropogenic coastal territory (5 points).

Transport infrastructure development indicator
The indicator values are calculated using the formula (5) based on the degree

of deviation of the length of hard-surface roads on the territory of a local coastal
municipality from the length of hard-surface roads located in the territory of
the RF (as a territory of a higher spatial level), normalized per area unit.

Budget revenue indicator
The indicator is calculated by the formula (5) based on the deviation degree

of the local budget revenues of a local coastal municipality from the total local
budget revenues of all local municipalities located on the territory of the RF (as
a territory of a higher spatial level), normalized per unit of population.

Investment indicator
The indicator values are calculated using the formula (5) based on

the deviation degree of the investment value in fixed capital of the local coastal
municipality from the total investment value in fixed capital for all local
municipalities located on the territory of the RF (as a territory of a higher spatial
level), normalized per unit of population.
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Tourism potential indicator

The indicator values are calculated based on two parameters (the number of
rooms in collective accommodation facilities (e. g. hotels, hostels, apartments;
parameter 1) and the number of collective accommodation facilities
(parameter 2)) according to the formula

P /S, P2 /S 4, (6)
2\ PL- /SE | P2g /Sg

ltp =

where P1, is the value of parameter 1 for the municipality; P1g is the value of
parameter 1 for the RF; P2, is the value of parameter 2 for the studied coastal
municipality; P2 is the value of parameter 2 for the RF.

The calculation uses the method for calculating the deviation of the value of
each parameter of the local coastal municipality from the total value of
the parameter for all local municipalities located on the territory of the RF
(as aterritory of a higher spatial level), normalized per unit of population.

Indicator of subsidies from the RF budgets

The indicator values are calculated based on the degree of deviation of
subsidy amount to the budget of the local coastal municipality from the federal
budget of the RF from the total subsidy amount to the budgets of all local
municipalities of the RF from the federal budget, normalized per budget amount
unit, according to the formula

1 PALSL ¢ PAUSL _,
PAE/SE PAg /S

-1 if L/SL>2.
PAE /Sg

’

lpa=

Indicator of port cargo turnover

The indicator values are calculated based on the degree of deviation of
the cargo tumover of ports located on the territory of a local coastal municipality
from the maximum cargo tumover of ports located on the territory of one
municipality of the RF, according to the formula

He
where H_ is the cargo tumover amount of ports located on the territory of

a municipality, million tons; H. is the maximum cargo tumover amount of ports
located on the territory of one RF municipality, million tons.

Ih =2

Indicators of social sustainability factor

Indicator of socio-economic importance

The indicator values are calculated using the method of expert-criterion
assessment, based on the presence of certain types of facilities on the territory of the
local coastal municipality. The calculation includes the following set of parameters:
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— settlements, by five gradations: from their absence (1 point) to the presence
of a metropolis (5 points);

— cultural heritage sites, by two gradations: their absence (1 point) and
presence (5 points);

— roads, by five gradations: from their absence (1 point) to federal
highways (5 points);

— railway network, by two gradations: their absence (1 point) and presence
(5 points);

— type of land use, by five gradations: from the impossibility of economic
land use due to the terrain nature (1 point) to the presence of large anthropogenic
objects, e. g. enterprises, port complexes, etc. (5 points);

— protected areas (PA), by five grades: from their absence (1 point) to
a UNESCO natural monument (5 points).

The calculation formula is as follows

Ss +ScH +SHw +Srw +SLu +Spa 3
12 2

where Sg — assessment based on the settlement type, an integer within 1...5; Scy —
assessment based on the cultural heritage type, an integer within 1..5; Shyw —
assessment based on the road type rating, an integer within 1...5; Spy — assessment
based on the railway type, an integer within 1..5; S, — assessment based on the land
use type, an integer within 1...5; Spa— assessment based on protected area type, units.

In case there are several objects of different gradations when considering
a single parameter, the one highest value counts.

Indicator of measures taken to improve the sustainability of
the coastal system

The indicator values are calculated using the method of expert-criterion
assessment and based on the expert assessment of the quantity and quality of
measures implemented on the territory of the local coastal municipality to
increase the sustainability and preservation of the coastal system, by five
gradations: from a high degree of concern and number of measures (1 point)
to absence of measures and concern about implementation thereof (5 points).
The indicator value is calculated for the municipality as a whole.

Isg) =

Indicator of the natural landscape disturbance level and
the need for landscape restoration and maintenance

The indicator values are calculated for coastal areas of the local coastal
municipality using the method of expert-criterion assessment. The calculation
includes the following set of parameters:

1) the natural coastal landscape disturbance level due to anthropogenic
activities, by five gradations: from the absence of any disturbance (1 point)
to complete anthropogenic transformation of the landscape (5 points);

2) the degree of need (possibility and importance) for restoration of
the natural coastal landscape, by five grades: from no need (possibility and
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importance) for landscape restoration (1 point) to an obligation of landscape
restoration, including through creation of PAs and cessation of economic
activities (5 points).

The calculation formula is as follows

[ — Zi5=1<vi' P )+ Ziszl(Ri- pi)+ 1
cL i >

where V; is the gradation assessment of the i-th coast type by the 1° parameter,
an integer within 1...5; R; is the gradation assessment of the i-th coast type by
the 2™ parameter, an integer within 1...5.

Indicator of the presence of an area development plan

The indicator is calculated using the method of expert-criterion assessment
based on the expert assessment, which considers how much the territorial develop-
ment plan of a local coastal municipality takes into account the peculiarities of
the coastal system, its sustainable development and conservation of coastal
landscapes by five gradations: from the availability of a separate section in
the territorial development plan related to sustainable development of the coastal
system and a road map for implementing this section of the plan (1 point) to
the absence of the plan itself (5 points). The indicator value is calculated for
the municipality as a whole.

Indicator of housing conditions

The indicator values are calculated according to the formula (5) based on
the degree of deviation of the area of commissioned residential houses located on
the territory of the local coastal municipality from the total area of those located
on the territory of the RF (as the territory of a higher spatial level), normalized
per unit of population.

Indicator of social infrastructure facility availability
for the population

The indicator is calculated by the formula (6) using two parameters:

1) the number of comprehensive education organizations (parameter 1);

2) the number of healthcare organizations (parameter 2).

The calculation uses the method of calculating the deviation of the value of
each parameter of a local coastal municipality from the total value of the parameter
for all local municipalities located on the territory of the RF (as the territory of
a higher spatial level), with normalization per unit of population.

Indicator of population growth
The indicator is calculated using the following formula

i_ MOI’L if (i_ MOI’L]<1

| B[: MOFF BF MOI’F
PG =
1 if B _Mor, >1,
B Morg

where By is the fertility rate for the municipality, %o; Br is the fertility rate
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for the RF, %o; Mor_ is the mortality rate for the municipality, %o; Morg is
the mortality rate for the RF, %eo.

The calculation uses the methodology of calculating the deviation of the
values of each parameter for a local coastal municipality from the value of the
parameter for the RF (as a territory of a higher spatial level) as a whole.

Indicator of the population migration balance value

The indicator values are calculated according to the formula as an average of
the values obtained:

1) by the deviation degree of the migration gain/outflow value for the local
coastal municipality from the parameter value for the RF (as the territory of a higher
spatial level);

2) by the deviation degree of migration gain/outflow values for the local
coastal municipality from its extreme values for the whole set of local
municipalities of the Krasnodar Krai.

M — M min g MuHL
ML max =ML min MF/HF
Iy = ML-Mimin 4 ¢ MUHL o
ML max =ML min |VlF/HF
LIMUHL | M -Mimin | L g o MUHL
2 {Mg/HE M max=MLmin) 2 Mg /Hg

where M — migration gain/outflow for the municipality, people; Mr — migration
gain/outflow for the Russian Federation, people; My min — minimum value of
migration gain/outflow for the entire population of municipalities in the region,
people; M n — maximum value of migration gain/outflow for the entire
population of municipalities in the region, people.

Criterion-statistical assessment of the sustainability of the Black Sea
local coastal eco-socio-economic systems

The resulting system of criterion-statistical assessment of the sustainability
of local coastal eco-socio-economic systems is approved for local municipalities,
which are part of the district municipalities of the Krasnodar Krai located at the Black
Sea. A total of 18 local coastal systems were thus considered, including:

— eight local municipalities in the Temryuksky District (Temryuk urban
settlement and rural settlements: Golubitskaya, Akhtanizovskaya, Fontalovskaya,
Zaporozhskaya, Sennoy, Taman, Novotaman);

— the resort city of Anapa;

— the city of Novorossiysk;

— the resort city of Gelendzhik;

— six local municipalities of the Tuapse District (urban settlements: Dzhubga,
Novomikhaylovskoe, Tuapse; rural settlements: Tenginka, Nebug, Shepsi);
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— the resort city of Sochi.

As baseline data, the authors used statistical information from open sources
and administrations of coastal municipalities of district and local management
levels for 2019 as well as data from satellite remote sensing and field research
conducted as part of the above projects. The scale for assessment of the
sustainability of coastal eco-socio-economic systems by factor and
comprehensive index consists of 10 gradations: from —0.4 and below (critical
unsustainability) to 0.4 and above (significant sustainability, favourable
situation).

Based on the totality of all factors and the comprehensive index of sustainability
in 2019, of all local coastal eco-socio-economic systems of the Black Sea coast of the
Krasnodar Krai the most sustainable is the city of Novorossiysk (the value of the
comprehensive index of sustainability is 0.34), which is associated with fairly high
values of all indices (see table, figure). Next are the resort cities of Anapa and Sochi
with index values of 0.24 and 0.22, respectively.

. <-0.4
I 0.4..-0.3
- -0.3...-0.2
. .;...-0.1
I -0.1...0.0
B 0.0...0.1
I 0.1...0.2
I 0.2..03
[ 0.3..0.4
0 25km I 0.4

Adygeya 7

Abkhaziya

Comprehensive integral index of the stability of local Black Sea coastal eco-socio-
economic systems of the Krasnodar Krai, 2019 (1 — Zaporozhskaya; 2 — Fontalovskaya;
3 — Akhtanizovskaya; 4 — Golubitskaya; 5 — Sennoy; 6 — Tamansky; 7 — Dzhubga;
8 — Tenginka; 9 — Novomikhaylovskoe; 10 — Nebug; 11 — Shepsi)
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Factors and comprehensive integral index of the sustainability estimation for the Black
Sea local coastal eco-socio-economic systems (local municipalities) of the Krasnodar
Krai

Local municipality ech?Itcl)Jg;?(l:z:\I Economic Social Integr_al s_ustain-
factor factor factor ability index
Temryuk US 0.04 -0.03 -0.11 -0.03
Golubitskaya RS -0.16 0.11 0.12 0.02
Ahktanizovskaya RS -0.17 0.30 0.17 0.10
Fontalovskaya RS -0.01 0.11 0.23 0.11
Zaporozhskaya RS 0.11 0.20 0.11 0.14
Sennoy RS -0.19 0.20 0.11 0.04
Taman RS -0.05 0.36 0.06 0.12
Novotaman RS -0.12 —0.07 0.07 —0.04
Anapa Resort City -0.06 0.18 0.61 0.24
Novorossiysk City 0.24 0.52 0.27 0.34
Gelendzhik Resort City 0.03 0.28 0.11 0.14
Dzhubga MS 0.00 0.06 0.06 0.04
Tenginka RS -0.07 0.11 -0.02 0.01
Novomikhaylovskoe US 0.05 0.16 0.04 0.09
Nebug RS 0.03 0.13 0.06 0.07
Tuapse US 0.28 0.26 -0.27 0.09
Shepsi RS -0.16 0.06 0.01 -0.03
Sochi Resort Clty 0.14 0.18 0.36 0.22

Note: US— urban settlement; RS — rural settlement.
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Conclusion

As a result of the performed work, the authors present a criterion-statistical
approach to integrated assessment of the sustainability of local coastal eco-socio-
economic systems based on the indicator approach. Use of aggregate indicators
for three sustainability factors (natural-environmental, economic, social) makes it
possible to obtain quantitative assessments of the sustainability by individual
factors and a comprehensive integral index of sustainability of a local coastal eco-
socio-economic system. The considered approach allows performing:

— comprehensive analysis of the sustainability of a local coastal eco-socio-
economic system with the identification of sustainability and unsustainability
factors;

— assessment of the sustainability of local coastal systems and an appropriate
spatial analysis with the identification of stable (key) and unstable local coastal
systems as territorial units of the local level of governance.

The criterion-statistical approach to assessing the sustainability of coastal
systems is approved in 18 local coastal municipalities of the districts of the Black
Sea coast of the Krasnodar Krai. As a result, it is shown that the most sustainable
of the local coastal systems is the city of Novorossiysk with the value of
the complex sustainability index of 0.34, which is associated with failrly high
index values for all sustainability factors. The local coastal systems of Temryuk
(Temryuk urban settlement and Novotaman rural settlement) and Tuapse (Shepsi
rural settlement) districts are the least sustainable, with the main negative
contribution to the sustainability assessment for these coastal systems being
the natural and environmental factor. In general, the local coastal systems
of the Black Sea coast of the Krasnodar Krai have positive values of
the comprehensive sustainability index, with the main contribution being made by
the high tourism potential, transport infrastructure development level, stable
socio-demographic situation and high degree of natural and environmental
sustainability. This approach is universal and can be used in other coastal regions
of the RF to assess the sustainability of local coastal eco-socio-economic systems.
In the future, when implementing the Coastal eco-socio-economic systems of
Krasnodar Krai GIS, this approach will enable spatial territory planning and
forecasting of sustainable development of coastal eco-socio-economic systems
at all govemance levels (regional, district, and local) taking into account medium-
and long-term natural, ecological and socio-economic dynamics of variability to
improve the efficiency of environmental management decisions in the marine
coastal zone.
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