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The article discusses the issue of demographic capacity assessment in the
spatial planning process. Demographic capacity (DC) is the maximum amount of
population that can be accommodated in a given area, provided that the daily living
requirements of the population are met with local resources, ensuring the ecological
balance of the area. The need to calculate the DC stems from the goals and
requirements of the proportionately and sustainable development of the area. Due
to the complexity of the considered issue, an inventory of the factors determining
the DC of the area and justification of their assessment methodology was carried
out. DC is a variable quantity that can be changed in the conditions of scientific-
technical, socio-economic progress, replenishment of national wealth. In spatial
planning, we attach great importance to the integral magnitude of DC assessment.
The minimum of the indicators calculated by various factors was accepted as the
integrating indicator of the DC. In the article, demographic carrying capacity is
calculated according to the following factors: ecological security, territorial
opportunities, water resources and recreational resources. As a result of the analysis
of private DC, the integrated DC of the studied area is accepted.
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Introduction. In solving the problems of sustainable development of the
society, the identification of the demographic capacity (DC) of the area and the
assessment of the permissible size of anthropogenic load are important. The solution
to this important problem rests on the principle of maintaining the equivalence of
ecological security, economic welfare and social justice.

Individual problems of the mentioned paradigm have been discussed by
various authors on national and regional scales, but they have received very few
complex solutions locally. In particular, in the main project of resettlement of RA,
the DC for individual marzes is calculated according to territorial, recreational and
water resources, but the problems of DC are not comprehensively analyzed and
evaluated. Currently, multifaceted geographical studies of the factors determining
the DC of both the entire country and its individual territorial units are becoming
very important and urgent.
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The multi-layered and special complexity of the problem requires its gradual,
phased study. It is obvious that in order to find a comprehensive and complete
solution to the problem and to develop appropriate programs, the identification and
assessment of the DC of individual territorial units should be preceded. It can be
done at the scientific level, if it relies on a unified theoretical and methodological
basis. The development of such a framework, even at the level of a hypothesis, can
be based on the example of a study of an individual territorial unit. In that regard,
the selection of a territorial unit requires a special justification, the research expe-
rience of which can be applied to identify the DC of other areas and determine the
permissible anthropogenic load. We have chosen Vayots Dzor as an example, which
is a typical mountain area. Here there is the necessary variety of interconnected
problems, the level of importance, which together make Vayots Dzor a typical object
of geographical research. Such a research can not only be of scientific and
methodological interest and useful for the study of the DC of other mountain areas,
but also with its practical orientation can contribute to the scientific understanding
and solution of the problem of intelligent spatial planning in Vayots Dzor.

The purpose of the work is to identify the demographic capacity of Vayots
Dzor, to determine the level of permissible anthropogenic load, using the integrative
capabilities of geographical science. Based on the above-mentioned goal, the
following problems were set and solved in the work:

« scientific analysis of the concept of DC,;

« calculation of private demographic capacities;

« comprehensive DC assessment and zoning.

This work, as the first attempt to determine the DC of a mountainous area, has
a certain superiority from a methodological point of view, which can be applied and
improved to characterize other similar areas.

Materials and Methods. The methodological basis for the assessment of DC
in spatial planning is the comparison of the combinations of natural components and
permissible anthropogenic load with the requirements for ensuring the living
conditions of the population. Permissible load of ecosystems, territorial possibilities,
water and recreational resources are used as main indicators.

In the process of determining the approaches to DC assessment, the inter-
national experience was studied and widely used, the framework of environment
elements used for the purpose of DC assessment of the territory was defined.
When selecting indicators for the assessment of DC, their significance, compa-
rability and data reliability were taken into account. A scale for evaluating the
importance of integrated factors of DC was developed for the study region.

In the conditions of Vayots Dzor’s complex mountainous relief, the estimation
of the DC was carried out by means of mathematical modeling. The basic data
necessary for the calculations are taken from the bulletins developed by the
“Hydrometeorology and Monitoring Center” of SNCO, as well as from previously
made observations [1]. Data were also collected from other scientific and official
sources [2-9]. Calculations were made based on perennial average monthly and
yearly data.
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When discussing the issues of DC of the territory, it is first necessary to
calculate the parameters of material, energy and information exchange in natural
ecosystems and to determine the permissible anthropogenic load.

Due to territorial possibilities, the DC is calculated according to the target land
use index and according to the zone of weak appropriation of resettlement. Targeted
land use data are taken from the official bulletin of RA Statistical Committee.
Calculations of the area’s weak appropriation zone are made by the following
formula [7]:

ST=%R+1F, (1)
where Y. T is the territorial DC; }; B, is the population as of 01.01.2024; ¥ P, is the
possible population growth.
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where S; is the intensively assimilated zone area; yc; is the marginal population
density of intensively appropriated zone; y; is the current population density of
the intensively appropriated zone; S, is the area of the weakly appropriated
zone; yc, is the marginal population density of the weakly appropriated zone
(200 people/km?); y, is the current population density of the weakly appropriated
zone; K, is the adjustment coefficients.

Due to water resources, the DC of the territory is calculated according to the
water supply and according to the sources of water supply. The water reserves
suitable for water supply are calculated by the following formula [7]:

XD, =XPK/P, )

where Y, P; is the groundwater and surface water resources; K is the usage factor
(0.1-0.7); P, is the normative index per inhabitant (0.5 m*/day).

In recreational planning and management of the territory, great importance is
attached to the assessment of demographic carrying capacity. Calculations of DC
according to recreational resources were carried out in two ways, in which, taking
into account existing and prospective resources, the goal is to meet the requirements
of organizing short-term recreation. Calculations were made using regulatory
coefficients determined by a number of factors [7]:
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where D, is the private DC of the area with the organization of recreation in the
existing forested areas and river basins, person; Dy is the private DC of the area with
the organization of recreation in prospective forested areas and river basins, person;
S isthe area, km?; A is the forested area, %; A’ is the prospective afforestation of the
area, %; S, is the areas of river basins, km?; K; is the coefficient of recreation
in green zones (0.5-1.0); K, is the health resource availability factor (1.05-1.2);
K5 is the factor of availability of tourism resources (1.05-1.2); H per 1000
inhabitants defined recreational area (2 km?); M, is the distribution coefficient of
vacationers in the forest and on the banks of water bodies (0.1 for hot climates and
0.3 for temperate climates).
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Results and Discussion. The demographic capacity of the territory expresses
the characteristics of the conditions limiting the population of the given territory.

According to Golubev [10], the main feature of the concept of DC of the
territory is as follows:

« for social systems, the concept is interdisciplinary;

« it has a dynamic characteristic. Over time, both the anthropogenic load and
the capacity of the territory change, which mutually influence each other;

« the capacity of the space in the studied system is clearly determined by the
limiting factors;

« the capacity of the territory can increase or decrease due to human activities.
Capacity increase is explained by efficient use of resources;

« the ability to restore the capacity of a degraded area is more difficult and
expensive than its prevention.

Despite the difficulty of unambiguous assessment of the DC of the territory,
this concept is the best means in spatial plans for the assessment of the anthropogenic
load of the territory and the development of the regional development strategy, as
well as for the sustainable development of the society.

According to many researchers, the Earth’s population currently fluctuates
around the maximum level of environmental carrying capacity. Feedback or other
levers that can maintain the best rather than the maximum number level are not
sufficiently developed. This is also due to the fact that developed countries are trying
to find substitutes for consumed resources and increase their level, while in
developing countries, the population is growing rapidly due to social, economic
and national reasons. It should be noted that the increase in the level is ecologically
very dangerous, it is necessary to stabilize the developing population growth.
This situation can be expressed by the example of the problem of providing food to
mankind. With modern technology, the distribution and ecological limitation of food
use approaches the Earth’s maximum carrying capacity. Therefore, any dangerous
phenomenon, for example, drought, epidemics, war, can drastically reduce the
harvest and cause malnutrition or starvation. If the population exceeds 10 billion if
the Earth’s carrying capacity is maintained, the quality of life of mankind will
decrease, and the stability of the environment will be disturbed [10].

Thus, the DC of the territory can be determined by a set of limiting factors,
which imply possible destruction of the ecosystem in case of violation of the
permissible amount of their use. Therefore, we emphasize the problem of maintaining
the ecosystem structure and stable mode, for the solution of which it is necessary to
identify the quantitative and qualitative characteristics of the energy-metabolism of
the system, the results created by the mutual connections of the elements of the
system. In that sense, the ecological factors are of great importance, as a result of
their complex interaction, natural and anthropogenic ecosystems with a certain
capacity are formed. The DC of ecosystems is formed by the direct influence of
abiotic primary ecological factors. Therefore, the diversity of ecological factors, their
multiple direct and inverse relationships increase the DC of mountain ecosystems.

The carrying capacity of natural ecosystems is determined by the amount of
biomass and the rate of reproduction. In terms of geo-ecological potential indicator
quality, it is accepted as a starting point to calculate the volume of biomass or the
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amount of bioenergy generated annually in a unit space. Having data on the bio-
efficiency and occupied surface of each ecosystem of Vayots Dzor (which does not
include cultivated lands, areas occupied by settlements, roads, various economic
facilities), we determined the average amount of bioenergy produced per unit area
annually, it is equal to approximately 794.2-10*kcal/ha (176.5 g/m?). It is known that
if the biomass utilization in an ecosystem is around 10%, then the system maintains
balance. Therefore, to maintain a stable and balanced state of ecosystems, the use of
biomass in VVayots Dzor should not exceed 10% of the average amount of bioenergy
generated annually, which is 79.42-10* kcal/ha [3].

In order, to determine the DC of the natural ecosystems of Vayots Dzor, we
calculated the amount of anthropogenic load of biotic communities according to the
permissible amount of biomass use. Accepting the international average daily
amount of food needed by one person is 2385 kcal [11], we get the amount of
land needed for each inhabitant in VVayots Dzor, which is equal to about 1.1 ha.
Making a relationship between the total area occupied by the natural ecosystems of
Vayots Dzor and the size of the land needed for each resident, we get the best number
of population — 173000 people, which can maintain the said area without disturbing
the ecological balance of the natural environment. For each natural ecosystem,
it will look like this: 2800 people — in semi-desert, 7500 people — in dry mountain
steppe, 61400 people — in mountain steppe, 27400 people — in meadow-steppe,
34300 people- in mountain forest, 21000 people — in subalpine, and 18600 people -
in alpine.

According to the 2022 census, the population of Vayots Dzor was 43255 [8],
so we can say that the human load on natural ecosystems here is four times less than
the demographic carrying capacity of the area allows.
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Fig. 1. Permissible levels of anthropogenic impact on natural ecosystems of Vayots Dzor.
S-D - semi-desert, DMS — dry mountain steppe, MS — mountain steppe, M-S — meadow-steppe,
MF — mountain forest, SA — subalpine, A — alpine.

The permissible amount of anthropogenic influence on each natural ecosystem
of Vayots Dzor is calculated and mapped by us according to the food chain levels
(Figs. 1-3).
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Thus, we can conclude that ecosystems with high bio-efficiency also have
high rates of DC potential. This is clearly expressed in Fig. 1 and is explained by the
nature of energy-metabolism. High bioefficiency itself is the result of active energy-
metabolism. But it should be noted that in the case of violation of the DC, natural
ecosystems are subject to degradation and ecosystems with high capacity are violated
to a greater extent and intensity than ecosystems with low capacity.

A certain minimum space is needed to satisfy the basic human needs.
According to internationally accepted standards, each person needs 250 m? of industrial
space, 750 m? of forest or green space, 2800 m? of arable land and 3200 m? of pasture,
totaling 7000 m? [12]. Currently, for each resident of Vayots Dzor there is about
17616 m? of agricultural land (the world average is 30000 m?, in the Republic of
Armenia — 4000 m?, 1300 m? of which is arable land) [8], including 4971 m?of arable
land, 671 m? of perennial plantings, 738 m? of grassland,11236 m? pasture. In the
event that the total land area per person is 41214 m?, if we subtract the environmental,
water and forest structure lands from that surface, then each inhabitant will get
39357 m? of land area, which is slightly more than the world average.

If we take the mentioned criteria as a basis, then for VVayots Dzor we will get
the theoretical index of territorial comfort according to land types and their
corresponding population. According to the total size of the minimum area necessary
for comfort, the population of Vayots Dzor should not exceed 330000. In the case
of that number, 82.4 km? of technical area, 247.3 km? of forest or green space,
923.2 km? of arable land and 1055.1 km? of pasture will be needed for human
territorial comfort, which will be distributed according to the altitude zones as
follows: the low and middle mountain zones will include technical area, forest or
green space, the arable land will be completely and partially (464 km?) pasture, and
the high mountain zone will be completely occupied by pasture. At the same time,
each inhabitant has 1406 m? of mountain meadow, 1210 m? of meadow-steppe,
730 m? of forest brown soil, 283 m? of mountain black soil, 2780 m? of mountain
brown soil, 60 m? of alluvial river valley soils, and 531 m? of soilless area.
By comparing the obtained indicators with the biological efficiency of the natural
ecosystems corresponding to the above-mentioned soil types, we will get the amount
of energy reaching each inhabitant, which is approximately equal to 62-10° kcal/year,
which can satisfy 7.1 people. Comparing the current state of land use in Vayots Dzor
with internationally accepted standards, it becomes clear that the anthropogenic load
of the area is about 1.6 times less. In the case of permissible load defined by
international standards, the area will satisfy about 6 times more population.
But, obviously, the best population density should be determined based on the
quality of the habitat and not the level of food security.

Therefore, based on the need to maintain the balance of natural ecosystems,
only 10% of the annual biological productivity can be used, in which case the land
area with the aforementioned structure can support approximately 0.7 people.

The obtained result shows the permissible level of anthropogenic load of
natural ecosystems of Vayots Dzor according to the comfort index of soil types,
according to which the population should not exceed 230000, that is, each inhabitant
will have an area of 10000 m2. But, in order to get a general picture of the permissible
population density and to determine the DC of the area, it is necessary to calculate
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the efficiency of the agricultural plots, because the agro-ecosystems provide the
population with nutritional calories.

Thus, the capacity of natural fodder in Vayots Dzor allows each inhabitant
to receive 47-10* kcal of energy from his share of 3200 m? pasture according to
the criteria of comfort of the area, which by adding to the amount of energy
obtained from arable land, 35-10° kcal, we will get in case of full use of the potential
of agro-ecosystems, the total amount of annual energy to be received per person is
3547-10* keal [13]. In the event that for the physiological functioning of each
person’s organism, about 87-10* kcal of energy is required annually, and the rest of
the energy expresses the economic profit of the society, therefore the level of well-
being and standard of living. Thus, humanity produces about 8-10*° kcal of energy
in the world, but it is extremely unevenly distributed. For example, the energy used
by one person in the city is 80 min kcal, from here we can conclude that for all kinds
of processes a person spends 80 times more energy than his body needs [14].
Currently, humanity is at the stage of an energy crisis, and the characteristics of the
future civilization are determined primarily by energy security.

Due to territorial possibilities, we calculated the DC based on the increase in
population density in a poorly developed settlement zone, taking into account the
presence of reserve territories within the zone. According to which the density of
predominantly poorly developed zones was brought to the minimum environmental
standard for the population (200 people/km?). According to the results obtained,
the DC of Vayots Dzor Region was 218000 people.

Each inhabitant of the Earth during the year uses 650 m® of water on average
[11]. However, it should be noted that 2 L to 3 L of water are used daily to meet
physiological requirements, about 1 m® per year. A large amount of water is used in
agriculture (69%) mainly for irrigation, 23% of water is used in industry, 6% is used
for domestic purposes and 2% for other purposes. According to the UN standards,
water availability of up to 500 m® per person per year is considered extremely scarce,
500-1000 m3- very scarce, 1000-5000 m3- less, 5000-10000 m*~ medium, and more
than 10000 m*- high [15].

Using the aforementioned criteria of population water supply and the data of
Vayots Dzor’s water resources potential, we calculated the relationship between
population growth and water supply in the studied area and the possible state of
overload (Fig. 2). Fig. 2 clearly shows the inverse relationship between population
growth and water availability. The intersection of the population growth and water
supply curves is the limit state from which water scarcity is observed, and the
population size at that level is considered the best. At best, the population of VVayots
Dzor is about 200000, and the water supply is 2700 m®/person per year or
7.3 m¥/person per day, which is considered less according to international standards,
but it is equivalent to the amount of water supply in the RA. If we take into account
all the water resources available in Armenia, 3000 m® of water per capita per year in
Armenia. And if we take only internal renewable resources, then the amount of water
per capita is 2700 m3. However, regarding water resources, Vayots Dzor has an
uneven spatial and temporal distribution.

Currently, the annual theoretical water supply per inhabitant of VVayots Dzor
is about 11700 m?, which corresponds to the high index of the international water



Proceedings of the YSU. Geological and Geographical Sciences, 2024, 58 (2), p. 114-124. 121

supply standard scale, but in reality it is smaller due to the irregular regime of the
rivers flow and non-rational use of water resources. It should be noted that we did
not consider wastewater treatment and water reuse in our assessment of water
resource potential. In this case, water purification and multiple water use is a highly
variable quantity, because over time, due to production methods and scientific and
technical progress, the socio-economic requirements for the resource are constantly
changing. Since our goal was to identify the allowable amount of use of the water
balance potential, therefore, we calculated it according to the maintenance of the
sanitary flow.
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Fig. 2. Dependence of water supply in Vayots Dzor on population size.

From the calculations of the DC of water resources, it turns out that the
anthropogenic permissible load of the steady flow of the river in the humid region
of Vayots Dzor is 1.91 t per year on average, and 0.48 t in the arid region. Such a
difference in the permissible anthropogenic load is explained by the magnitude of
the stable river flow and the rate of water exchange, which also changes in different
upstream zones of the same region (Fig. 3).

In recreational planning and management of the area, great importance is also
given to the assessment of DC. Calculations of DC according to recreational
resources were carried out in two ways, in which existing and prospective resources
were taken into account with the aim of meeting the requirements of organizing
short-term recreation. As a result of calculations, using the existing recreational
resources of Vayots Dzor, the DC is 121000 people, and as a result of prospective
development it can reach 280000.

The private DC of the territory have independent significance only during the
solution of the corresponding problems of spatial planning. However, as the final
DC, we have chosen the average equilibrium value. At the same time, the territorial
possibilities were considered a decisive factor, under the condition that the deficit of
intensively appropriated zones can be filled at the expense of the territorial resources
of the adjacent weakly appropriated zones.
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Fig. 3. Demographic capacity of natural ecosystems and water resources of VVayots Dzor.

Conclusion. We have evaluated the DC of Vayots Dzor based on the
allowable load of natural ecosystems, because the sustainable development of the
society can be ensured only if the balanced state of the natural environment is
maintained. Our calculations show that the population capacity of Vayots Dzor
for the DC of natural ecosystems is 173000 people. If we take as a basis the
population corresponding to the comfort index of land types, then the population of
Vayots Dzor should not exceed 230000. When we taken into account the best amount
of water supply for the population, the population is 200000 people. It follows that
a population of 200000 corresponds to the maximum ecological carrying capacity of
the environment. In this case, 173000 is the minimum point of variation for the best
population density, and 230000 is the maximum. The best growth rate is 100000
people.

Thus, for the ecologically sustainable development of Vayots Dzor, it is
necessary to stabilize the population around 200000, otherwise, when it exceeds the
optimal level, there will be a qualitative change in the natural environment, which
will have a direct impact on the quality of life.
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H. A. APYTIOHSH

OILIEHKA JEMOI'PA®HUYECKOM EMKOCTU B KOHTEKCTE
[MPOCTPAHCTBEHHOI'O IINIAHMPOBAHUMA

Pe3mome

B cratbe paccMmaTpuBaeTcsi BONPOC OLIEHKU JIEeMOrpauuecKoid €eMKOCTH B
MpoIiecce MPOCTPAHCTBEHHOTO TuTaHupoBaHus. [lemorpaduueckas emkocTs ([E) —
9TO MaKCHMaJIbHOE KOJIMYECTBO HACEIEHUS, KOTOPOE MOXKET OBITh pa3MEIIeHO Ha
JAHHOM TEPPUTOPUU TIPU YCIOBUU YAOBIECTBOPEHUS MOBCEAHEBHBIX YKU3HEHHBIX
MOTpeOHOCTEN HACEJIEHHUS 33 CYET MECTHBIX PECYPCOB, 00ECIIeUNBAIONINX IKOJIOTH-
yeckoe paBHOBecHe Tepputopun. Heobxomumocts pacueta JIE BbITekaeT u3 meneit
1 TpeOoBaHNH cOaTaHCHPOBAHHOTO M YCTOHUYMBOIO pa3BUTHS TEPPUTOPHU. B cBs3H
CO CIIOKHOCTBIO PacCMaTPUBAEMOTO BOTIPOCca OBUIH MPOBEICHBI aHAIN3 (PaKTOPOB,
onpeaensonux JIE Teppuropuu, u 000CHOBaHHME METOAMKH UX oueHku. [IE —
MEepEeMEHHas BEIMYMHA, KOTOpas B YCIOBUAX HAYYHO-TEXHUYECKOIO, COLMAIBbHO-
SKOHOMHYECKOTO TIPOTpecca, TOMONHEHUS HAMOHAIBHOTO OOraTcTBa MOXKET
n3MeHaTbcs. B IMPOCTPAaHCTBCHHOM IINIAHUPOBAHWUHU MBI ITPUAAEM 6OJII)H_[OG 3HA4YCHHC
UHTErpajJbHOMY 3Ha4eHHUIO oleHKHU JIE. B kauecTBe MHTErpUPYIOIIETO MOKA3aTeNs
JE ObU1 IpUHAT MUHUMYM TIOKa3aTellel, paCCYMTAaHHBIX M0 Pa3IMYHBIM (haKTOpaM.
B crarbe JIE paccuuthiBaeTcs 1o ciaeayrommM (hakTopaM: sKojiorndeckas oOe3zomnac-
HOCTb, TCPPUTOPHUAILHBIC BO3MOXXHOCTHU, BOJHLIC PECYPCbl U PEKPCAllMOHHBLIC
pecypcel. B pesynapTare aHanmm3a YacTHOTO JeMOTpadpuyuecKoro MOTEHIHala
NpPUHATAa UHTETPUPOBaHHAS JeMoTpadudeckas eMKOCTh UCCIIEyeMO TePPUTOPHH.
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