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Abstract 

This study aims to calculate and assess organic carbon levels at various landscape levels of the Crimean Peninsula using 

the Carbon Storage and Sequestration model of the InVEST software. It outlines the stages of working with this model and 

highlights limitations such as the quality of input data, temporal coverage, and spatial resolution, which can significantly 

influence the results. Assessment of organic carbon stocks in soils, aboveground and belowground biomass, and vegetation 

types revealed that the highest carbon concentration was in the low-altitude landscape level of the southern macroslope. 

From 2017 to 2023, an annual decrease in organic carbon stocks of 0.062 t/ha was recorded, which is likely linked to 

climate change and shifts in land use. This research provides the first calculations of organic carbon content within the 

landscape levels of the Crimean Peninsula. As carbon is a significant greenhouse gas, its accumulation or emissions directly 

affect climate change. Evaluating organic carbon stocks in ecosystems enhances our understanding of their role in 

mitigating climate change and informing carbon dioxide (CO2) reduction strategies. These findings highlight the need to 

consider vegetation types and their changes when calculating organic carbon in landscapes and supporting regional 

environmental policy development. 

Keywords: Organic Carbon Stocks; Aboveground Biomass; Soil Carbon; Belowground Biomass; Land Cover Types; Landscape Levels; 

Invest Software; The Crimean Peninsula. 

 

1. Introduction 

Many studies examining carbon accumulation in the environment focus primarily on carbon accumulation in soils, 

as seen in works [1-3], while also considering carbon accumulation in forest litter [4]. Less frequently, researchers have 

addressed the question of carbon accumulation in ecosystems and landscapes [5]. Soil is a key component of the global 

carbon cycle and accounts for approximately 80% of the organic carbon in the biosphere. It is estimated that Earth’s soil 

cover contains three times more organic carbon than vegetation cover and twice as much organic carbon as the 

atmosphere [6]. According to another group of researchers [7], soil contains three times more organic carbon than the 

atmosphere does. However, soil carbon is present in both organic and inorganic forms [8]. Carbon serves as a source of 

nutrients for soil biomass, promoting the formation and accumulation of humus and microelements (Cu, Zn, B, Mn, Mo, 

and Co) in the soil. These elements form complexes with humic substances, making them easily absorbed by plants [9]. 

When carbon is deficient, microbial activity declines and nitrogen activity in the soil weakens [10]. 
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In general, the question of the possibility of organic carbon storage by ecosystems or components of the natural 

environment is being considered in many world studies. Organic carbon stocks in the ecosystem, particularly in the soil, 

can significantly change due to anthropogenic activities (land use change), which, in turn, affects ecosystem services 

such as climate regulation. Many studies have shown that land-use change significantly influences organic carbon 

stocks; for example, a study conducted in Nepal revealed that they vary depending on land-use type, reaching the highest 

values in forests and the lowest in degraded lands [11]. 

Few studies have addressed the problem of carbon storage in ecosystems, particularly through model calculations. 

Recently, researchers have highlighted the connection between the slowdown of organic carbon accumulation in 

ecosystems and global warming processes. Despite increasing anthropogenic emissions, terrestrial ecosystems annually 

absorb approximately 30% of all anthropogenic emissions, particularly carbon dioxide (CO2). In this process, absorbed 

carbon mainly accumulates in plant biomass or soil organic matter [12]. 

The potential decrease in carbon content in ecosystems might be related to the general trend of increasing average 

annual temperatures and warming climate trends overall. Previous studies [13, 14] have tested the hypothesis that 

ecosystems could accumulate more carbon dioxide (CO2) in the future than they do now, as the intensity of 

photosynthesis increases with rising air temperatures. However, when exceeding a critical level of air warming, the 

photosynthesis process decreases, and the process of organic carbon accumulation by ecosystems is also suppressed. 

The authors established that the temperatures for peak photosynthetic activity were 18 and 28 °C for plants (with C3 

and C4 types of photosynthesis, respectively), and after exceeding these threshold temperatures, the intensity of 

photosynthesis decreased. At a certain point, with critical levels of temperature and atmospheric concentrations of 

pollutants, conditions arise where terrestrial ecosystems can release more carbon than they can absorb. This can also be 

linked to changes in the overall land-use patterns (for example, an increase in built-up areas and a decrease in areas with 

vegetation cover). 

Most of the research in this direction is limited to the assessment of carbon in soils and its relationship to the 

vegetation cover growing on them. Beillouin et al. [15] established that land conversion for agriculture leads to 

significant losses of soil organic carbon. Land use change also sometimes leads to radical changes in the vegetation 

cover of the territory, sometimes leading to deforestation (which accounts for approximately 12% of global 

anthropogenic greenhouse gas emissions). Some significant Initiatives such as REDD+ (Reducing Emissions from 

Deforestation and Forest Degradation) are aimed at addressing these issues, including actions to reduce emissions, 

conserving carbon in forests, and sustainably managing forest resources. However, effective national monitoring 

systems are necessary for the successful implementation of REDD+ [16]. 

Standardized protocols and methods are required to monitor soil carbon stocks effectively. However, there are no 

universally applicable protocols for measuring and monitoring carbon in diverse landscapes. Such methods need to 

integrate carbon measurements into broader observation schemes that consider land conditions, soil quality, and 

vegetation productivity [17].  

The results of research on soil organic carbon stocks in various ecosystems and their spatial distribution are crucial 

for understanding the role of these ecosystems in the global carbon cycle. A study in Hakkari province, Turkey [18], 

showed that carbon stocks in wetlands (flooded vegetation) are significantly higher than those in other land types, with 

the highest values reaching 61.46 Mg C/ha. The accumulation of carbon dioxide (CO2) in the atmosphere is promoted 

by the burning of fossil fuels and deforestation [19], which influences modern climate change processes. Therefore, the 

creation of a network of monitoring sites or carbon polygons to observe climate processes and carbon fluxes in 

ecosystems is an important task in climate science [20]. 

In the context of monitoring and assessing changes in ecosystems in terms of carbon content, methods utilizing 

remote sensing are increasingly being employed. In particular, the InVEST model can effectively calculate and visualize 

carbon storage in ecosystems based on organic carbon stock data. Currently, some scientific studies assessing organic 

carbon content and its accumulation characteristics use this model to identify the spatiotemporal characteristics of carbon 

accumulation in ecosystems. The nature of research in such studies generally focuses on evaluating various territories, 

including individual countries [21], cities [22-27], natural areas [23, 25], and watersheds [28-30]. 

After analyzing the carbon content using the InVEST model, it was noted that this model is not the only one that 

describes the potential spatiotemporal distribution of organic carbon in a territory; for example, the CASA model also 

effectively reflects carbon stocks in urban ecosystems [22]. Another study quantitatively assessed carbon absorption 

during the restoration of riparian zones in Ecuador. A comparison of six restoration scenarios using the InVEST model 

showed that wider corridors along waterways provide higher carbon absorption values [28]. A scenario-based approach 

for studying carbon accumulation in ecosystems using the InVEST model was conducted in Liaoning Province (China). 

Projections for 2050 indicated significant differences in carbon accumulation depending on the scenario (with the 

ecological restoration scenario demonstrating positive growth due to an increase in forested areas), and the authors of 

the study emphasized the need for strict policies to control the growth of urbanized lands [23]. The same findings have 
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been reported in studies [25, 31], where the analysis of carbon accumulation in Kunming and Heilongjiang (China) 

indicated a decrease in carbon in the region from 2000 to 2020, which is associated with a reduction in forest land area. 

However, projections for 2030 suggest possible carbon accumulation, depending on the development scenario. 

A study in the city of Abha (Saudi Arabia), related to the quantitative assessment of carbon accumulation potential 

under changing land use, using the InVEST model, showed that from 1990 to 2040, agriculture and vegetation will lose 

significant amounts of organic carbon [24]. In previous studies [26, 29] (the Beht watershed in Morocco and Uva 

Province, Sri Lanka), the main conclusion was related to the fact that the increase in carbon accumulation in ecosystems 

is associated with the spread of natural forests, highlighting the importance of forest ecosystems for carbon accumulation 

and the need for the development of environmental policies regarding them. Additionally, a study using the InVEST 

model conducted in northwestern Morocco showed an increase in the total carbon stock due to the conversion of unused 

lands into forests and agricultural lands, which further emphasizes the importance of managing these ecosystems [21]. 

A decrease in organic carbon levels when assessing its stocks using the InVEST model was noted in studies [27] in 

Noida Province (India) and within the Nour-rud watershed in Iran [30]. These studies emphasize that land use change 

could lead to irreparable losses of carbon stocks in ecosystems in the future, which, in turn, would affect its economic 

value. It should be noted that the modern approach to local monitoring of the absorption and release of greenhouse gases 

(including carbon dioxide (CO2)) by ecosystems is the formation of carbon polygons, which are territories with 

vegetation, terrain, and soil characteristics of local ecosystems. Carbon polygons are aimed at conducting activities 

related to carbon balance control, accounting for the release and absorption of climate-active gases by ecosystems, and 

creating new methods for regulating the release and absorption of climate-active gases [32]. Carbon trusses perform 

slightly different tasks. They are used to capture carbon dioxide (CO2) from the atmosphere through natural ecosystems 

and carbon farms. Carbon farms are plantations and plots of land where these technologies for absorbing greenhouse 

gases are directly applied [33]. 

Since February 2021, the Russian Federation has implemented a program to create carbon polygons as part of the 

national plan of measures for the first stage of adaptation to climate change. This program includes research aimed at 

assessing the integrated values of the carbon balance for different types of ecosystems, which will allow for the 

calculation of the carbon footprint for individual subjects of the Russian Federation and the country [34-36]. In this 

regard, Russia has started creating projects with carbon polygons, which are already operational in the Chechen Republic 

[37], Republic of Tatarstan [38], Kaluga Region [39], Krasnodar Territory, Kaliningrad Region, Moscow Region, 

Sverdlovsk Region, Tyumen Region, Novosibirsk Region, Sakhalin Region, Voronezh Region, Republic of 

Bashkortostan, Khanty-Mansi Autonomous Area, Kirov Region, Rostov Region, Volgograd Region, Samara Region, 

Primorsky Territory, Yamal-Nenets Autonomous Area, and Tomsk Region. There are 19 operational carbon polygons 

in Russia in total [40]. Overall, Russia is currently developing a system of carbon polygons with detailed and modern 

studies of greenhouse gas exchange (such as the global eddy covariance flux measurement systems Eddy Covariance, 

AmeriFlux, or EuroFlux [41]). 

The opening of new carbon polygons has been planned, including in the Republic of Crimea. Currently, some studies 

are being conducted in the territory of the Crimean Peninsula to assess the potential of the territory for a general 

contribution to carbon dioxide (CO2) accumulation in ecosystems, as carbon polygons are expected to cover all 

representative ecosystems of Russia with the aim of accounting for their carbon balances. In general, the aforementioned 

studies highlight the importance of assessing the carbon sequestration capacity of ecosystems for the effective 

management of carbon resources. Given the relevance of conducting such research on the assessment of organic carbon 

stocks, we determined that the most convenient method for studying carbon stocks at the landscape level of the Crimean 

Peninsula will be the use of InVEST® software [42]. This research will take into account the experience of previous 

studies and endeavors, as well as form new and relevant data on the issue of organic carbon accumulation in the study 

area. 

Overall, understanding and monitoring changes in soil carbon stocks are crucial for developing strategies to combat 

land degradation and climate change. Modern approaches to assessing organic carbon content, including remote sensing 

and improved mathematical models, can significantly improve our understanding of the carbon cycle and contribute to 

more effective management of ecosystem resources. 

The remainder of this paper is organized as follows: Section 2 describes the study area and the methodology for 

calculating organic carbon stocks using the InVEST software, outlining the main steps involved. In addition, 

information is provided on the sources of the input layers and their key characteristics. Section 3 presents the results 

of the accumulated organic carbon calculations within the ecosystems of various landscape levels. Section 4 discusses 

the study of organic carbon accumulation in different environmental components as well as the advantages and 

disadvantages of the remote assessment method using InVEST software. Section 5 summarizes the study, highlighting 

the novelty of the research, theoretical contributions, practical significance, key limitations, and opportunities for 

further studies. 
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2. Material and Methods 

The main aim of this study is to calculate and assess the amount of organic carbon within the landscape of the 

Crimean Peninsula to incorporate this information into ecological research in the area. The study design is illustrated in 

Figure 1. 

 

Figure 1. Flowchart of the research design 

2.1. Study Area Characteristics 

The Crimean Peninsula (Russia) is located almost equidistant from the equator and North Pole (44°23” – 46°15” N 

and 32°30” – 36°40” E) [43]. The peninsula is located south of the Eastern European Plain. The territory of the Crimean 

Peninsula is washed by the Black Sea and the Sea of Azov, which belong to the Atlantic Ocean basin (Figure 2). 

 

Figure 2. Territory of the Crimean Peninsula 
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The terrestrial ecosystems of the Crimean Peninsula are shaped by a diverse array of climatic, topographic, and soil 

factors. The climate of Crimea is predominantly considered temperate: a mild steppe climate characterizes the plain part 

of Crimea, whereas a mountain-broadleaf climate prevails in the mountainous region. However, the Southern Coast of 

Crimea is characterized by a sub-Mediterranean climate [43]. The average annual air temperature in the study area varies 

significantly, from +7.5 °C in mountainous areas to +11.5 °C in the steppe Crimea [44]. Overall, the climate of Crimea 

is arid. 

Atmospheric circulation in Crimea is characterized by a predominance of westerly transport (75% of cases). 

Periodically, cold air from northern latitudes invades the peninsula (10% of cases) and warm moist air from the 

Mediterranean Sea (8% of cases). Dry air from Asia also influences this area. Unique local circulations developed in 

Crimea: breezes, foehn winds, bora winds, and mountain-valley winds [45]. Overall, the assessment of the spatial-

temporal relationship and interannual dynamics of the productivity of Crimean ecosystems with hydro-thermal 

conditions was conducted in previous studies [46, 47], and the entry of biogenic elements into ecosystems with 

atmospheric precipitation has been shown in previous works [48, 49]. 

The bedrock (as the lithogenic basis for the development of terrestrial ecosystems) is diverse, both in origin and 

composition. Among the rock types, igneous, metamorphic, and sedimentary rocks were found. Surface deposits are 

represented by marine, lagoon-marine, and continental (eluvial, eluvial-deluvial, aeolian-eluvial-deluvial, and proluvial, 

alluvial, proluvial-alluvial, gravitational, and landslide deposits) deposits. The thickness of these deposits varies from 

fractions of a meter on the surface of the mountain ranges to tens of meters at their foot [43]. 

Soil processes on the Crimean Peninsula occur under conditions of a cool, prolonged, and dry spring; warm, dry 

summer; warm, long autumn; and short, mild (with thaws) winter. Under these conditions, the soil microbial activity 

continues throughout the year, with only a slight weakening during the cool season. As a result, the developing soils in 

Crimea contain less humus than the similar soils in other regions [43]. The following soil types are found within the 

Crimean Peninsula (soil classification according to Egorov et al. [50] and World Reference Base for Soil Resources [51] 

soil classifications): brown (Cambisols Chromic (CMcr)), mountain meadow (Leptosols Humic (LPhu)), meadow-

steppe (Leptosols Mollic (LPmo)), mountain brown forest (Calcisols Haplic (CLha)), sod carbonate (Leptosols Rendzic 

(LPrz)), chestnut (Kastanozems Haplic (Ksha)), chernozem (Chernozems Chernic (CHch)), meadow-chernozem 

(Phaeozems Haplic (PHha)), meadow-chestnut (Phaeozems Haplic (PHha)), meadow (Gleysols Humic (GLhu)), 

meadow-bog (Gleysols Histic (GLhi)), and alluvial soils (Fluvisols Umbric (FLum) и Fluvisols Calcaric (FLcc)). 

Based on botanical-geographical zoning, the Crimean territory belongs to the Euro-Asian steppe zone (Pontic 

province) and the Mediterranean mountain zone (Euxine province). In the Crimea steppe, the steppe type of vegetation 

(petrophytic, psammophytic, and semi-desert steppes) dominates, whereas meadow-type vegetation (halophytic and 

true meadows) is less common. It is also noted that the natural vegetation of the Crimean Steppe has been preserved 

only in certain areas, while the rest of the territory is occupied by agricultural crops. The distribution of vegetation 

cover in the mountainous part of Crimea follows an altitudinal zonation. In this study, forest steppes, oak forests, 

beech and beech-hornbeam forests, mountain steppes and meadows, juniper-oak forests, pine forests, and shrub 

thickets were studied [52]. 

2.2. Using InVEST Software to Calculate Carbon Stocks 

The Carbon Storage and Sequestration model of InVEST software [42] is user-friendly, as it is based on a simplified 

carbon cycle. It utilizes four carbon pools and a land cover data layer (LULC) for operation. Carbon storage in the study 

area depends on the volumes of the four carbon reservoirs: aboveground biomass, belowground biomass, soil, and dead 

organic matter (which can be ignored). Aboveground live biomass includes all living plants above the soil surface, such 

as the bark, stems, branches, and leaves. The belowground live biomass encompasses the root systems of these plants. 

Soil organic matter is a key component of the soil and represents the largest terrestrial carbon reservoir. Dead organic 

matter includes litter and dead wood (if available). The model integrates data on the carbon content in these pools 

according to land use maps (LULC) and estimates the total amount of carbon in the area. However, this model does not 

account for certain dynamic changes, such as tree growth, changes in soil chemical composition, or the impact of 

temperature and precipitation changes on carbon stocks over time [53]. 

Carbon stocks were calculated within landscape levels for the Crimean Peninsula using the Carbon Storage and 

Sequestration model of the InVEST software [42], ArcGIS 10.2, and MS Excel. The following input raster data were 

considered for using this model: (1) land use and land cover (LULC) raster layer, (2) soil organic carbon stock raster 

layer, (3) aboveground live biomass carbon stock raster layer, (4) belowground live biomass carbon stock raster layer, 

and (5) dead biomass carbon stock raster layer (if available). 

The characteristics of the input layers used for the overall carbon stock calculations are presented in Table 1. 
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Table 1. Characteristics of input layers for carbon stock calculation 

Land use and land cover raster layer 

Source 
Spatial Coverage 

(resolution) 
Temporal Coverage Types of land use 

Sentinel-2 10 m Land Use/Land Cover [54] 10 m × 10 m 2017-2023 
Water, Trees, Flooded vegetation, Crops, Built 

area, Rangeland, Bare ground, Snow | Ice, Clouds 

Soil organic carbon stock raster layer 

Source 
Spatial Coverage 

(resolution) 
Thickness Unit of measurement 

SoilGrids250 [55] 250 m × 250 m 0-30 cm t/ha 

Aboveground and belowground live biomass carbon stock raster layers 

Source 
Spatial Coverage 

(resolution) 
Scale Unit of measurement 

Global Aboveground and Belowground Biomass 

Carbon Density Maps for the Year 2010 [56] 
300 m × 300 m ×10 t/ha 

All uncertainties in the data, such as the absence of the "Dead biomass" layer and different spatial resolutions of the 

data, affect the final calculation and assessment of organic carbon stocks within the landscape levels of the Crimean 

Peninsula. However, we accept the result with a certain degree of error, as the use of the model will provide new data 

on the total carbon stocks in the study area, allowing for more detailed research in the future. 

In general, terms, the scheme for calculating carbon stocks in landscapes using the Carbon Storage and Sequestration 

model of the InVEST software within landscape contours is presented in Figure 3. There are several steps to be taken 

and some nuances in performing these steps are described below. 

 

Figure 3. Basic steps for calculating organic carbon stocks using InVEST software [41] 

2.2.1. Data Preparation 

Land cover types and land use layers [54] use land cover types where stored carbon is present for calculations, such 

as trees, flooded vegetation, crops, and bare ground. This rasterized layer was directly loaded into the Carbon Storage 

and Sequestration model of InVEST software [42]. 

Data in above-ground and below-ground living biomass layers [56] need to be transformed using the Map Algebra 

tool in ArcGIS 10.2 - multiplied by 0.1, because the data in their original form are scaled by a factor of 10 to reduce the 

weight of the primary raster files. In addition, we neglected data on carbon stocks in dead biomass because the Carbon 

Storage and Sequestration model allows us to do so if they are not available for further calculations. 
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2.2.2. Calculating Carbon Pools 

To calculate the amount of carbon for each land cover type, the “Zonal Statistic as a Table” tool in ArcGIS 10.2 is 

used to summarize the values of rasters within zones of another dataset. Using this tool, we obtained in attribute tables 

how much t/ha of carbon (average value) is contained in soil at 0-30 cm depth, aboveground biomass, and belowground 

biomass within each land cover type from 2017 to 2023. 

The data were then copied from the attribute tables of the resulting new files into a general table of carbon pools in 

MS Excel. Further, for calculations, we needed data only on land cover type and “mean” values for each carbon pool. 

The resulting tables for the period from 2017 to 2023 MS Excel are saved with extension csv. 

2.2.3. Using the Carbon Storage and Sequestration Model of the InVEST Software 

Сalculate carbon stocks within the Crimean Peninsula using the Carbon Storage and Sequestration model of the 

InVEST software [42]. For this purpose, raster layers of land cover types (LULC) from 2017 to 2023 and tables of 

carbon pools for the corresponding period were loaded into the model. The output from the model is layers with units 

of tons/pixel for the period 2017 to 2023. 

Figure 4 shows, for example, the layer of carbon stocks within the Crimean Peninsula in 2023 obtained after 

processing the input data in the InVEST program [42]. 

 

Figure 4. Total carbon stock within the Crimean Peninsula in 2023 

2.2.4. Calculation of the Average Amount of Stored Carbon within Territorial Units 

The next step was to calculate the total amount of stored carbon within the Crimean Peninsula from 2017 to 2023. 

Using the tool “Zonal statistics as a table” in the program ArcGIS 10.2, which summarizes the values of rasters within 

the zones of another data set, we find the total amount of stored carbon within the contour of the Crimean Peninsula, as 

well as within the individual landscape levels of the Crimean Peninsula (based on the landscape map by Pozachenyuk) 

[57], using shapefiles of these zones: 

 hydromorphic landscape level (HLL); 

 low-altitude landscape level of the southern macroslope (LLLSM); 

 low-altitude landscape level of the northern macroslope (LLLNM); 

 upland landscape level (ULL); 

 mid-mountain landscape level (MLL). 
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Figure 5 shows the distribution of landscape levels within the Crimean Peninsula (based on the landscape map by 

Pozachenyuk) [57]. 

 

Figure 5. Landscape levels of the Crimean Peninsula according to the landscape map by Pozachenyuk [57] 

Using the designated tool of the program ArcGIS 10.2, we obtained in the attribute tables the total amount of stored 

carbon within the entire Crimean Peninsula and separately within each landscape level from 2017 to 2023. However, 

knowing the total area of the territories of the Crimean Peninsula as a whole and landscape levels of the Crimean 

Peninsula in particular, we calculated the average amount of stored carbon within the given territorial units (Table 3) 

using MS Excel. 

3. Results 

The Crimean Peninsula, based on the land use and land cover (LULC) type distribution from SENTINEL-2 satellite 

data [54], encompasses the following land cover categories: water, trees, flooded vegetation, crops, rangeland, built area, 

bare areas devoid of vegetation, snow-covered areas and glaciers, and cloud-covered zones. Figure 6 depicts the land 

use and land cover layer for the Crimean Peninsula in 2023. Table 2 presents the percentages of the distribution of land 

cover types during the period 2017-2023. 

Table 2. Distribution of land use and land cover types in the Crimean Peninsula during the period 2017-2023 based on 

SENTINEL-2 satellite data [54] 

Land Use and  

Land Cover Type 

Year 

2017 2018 2019 2020 2021 2022 2023 

Water, % 2.05 2.18 2.22 2.03 2.41 2.44 2.33 

Trees, % 11.18 11.20 10.92 10.68 10.54 11.42 11.25 

Flooded vegetation, % 0.09 0.12 0.11 0.11 0.22 0.24 0.22 

Crops, % 56.25 58.47 57.64 58.65 60.73 60.32 59.41 

Built area, % 5.75 5.89 5.99 6.08 6.16 6.26 6.27 

Bare ground, % 0.68 0.47 0.42 0.52 0.19 0.25 0.36 

Snow/Ice, % 6*10-5 9*10-5 1.1*10-4 1.6*10-4 3*10-5 1.1*10-4 5*10-5 

Clouds, % 5*10-5 8*10-5 4.7*10-4 2.2*10-4 2.7*10-4 4.8*10-4 3.3*10-4 

Rangeland, % 23.99 21.66 22.69 21.92 19.74 19.06 20.15 



Civil Engineering Journal         Vol. 11, No. 03, March, 2025 

1153 

 

 

Figure 6. Land use and land cover types in 2023 on the Crimean Peninsula (based on Sentinel-2 [54]) 

According to Table 2, it is noteworthy that crops (around 60%) dominate a significant part of the Crimean Peninsula, 

particularly in the steppe region and Kerch Peninsula. Additionally, approximately 19-23% of the territory, varying from 

year to year, is characterized by areas with rangeland, particularly on the Southern Coast of Crimea, the yaylas (mountain 

plateaus), within the steppe part of Crimea, and on the Kerch Peninsula. Trees cover a substantial part of Crimea 

(approximately 10-11%), especially in mountainous regions. Built areas account for approximately 5-6% of the total 

area of Crimea. The remaining land cover and land use types were present in smaller proportions, constituting less than 

2.5% of the total area of the Crimean Peninsula. 

Considering the distribution of land use and cover types (Figure 6) within the study area is essential for subsequent 

calculations to utilize zones where carbon is stored. These zones encompass the following land-use and land-cover types: 

trees, flooded vegetation, crops, rangeland, and bare ground. This represents approximately 91-92% of the total area, 

which is further utilized in calculating carbon content within landscape levels using the Carbon Storage and 

Sequestration model of the InVEST software [42]. 

Figure 7 presents a map of soil organic carbon stocks within the Crimean Peninsula, constructed based on materials 

from soil organic carbon stocks [55]. Soil organic carbon stocks are presented for the upper part of the soil profile up to 

a depth of 30 cm (Figure 7). Carbon content was estimated in t/ha. The highest amount of soil organic carbon 

accumulated within the yaylas (mountain plateaus), particularly the Babugan-yayla and Karabi-yayla, where the highest 

carbon stocks (over 85 t/ha) were observed. Similarly, high soil carbon content was noted in the eastern end of the 

Crimean Mountains (between the town of Stary Krym and the village of Shchebetovka). This indicated that the highest 

amount of soil carbon accumulated in mountainous but relatively flat areas. The reason for the highest accumulation of 

organic carbon in mountainous areas, especially in the yaylas, is that the yaylas represent plateau-like and flat surfaces 

within the mountains. Under such conditions, accumulative conditions prevail, without the transportation of accumulated 

material down the slopes owing to gravitational forces. Additionally, as seen in Figure 6, the following types of land 

cover (LULC) dominate these areas: trees and rangeland, which in turn contain a significant amount of carbon compared 

to other types of land cover. Slightly lower but above average (from 60 t/ha) soil organic carbon accumulation occurs 

in the Crimean Mountains, where forests are widespread, as well as in the steppe part of Crimea, where rangeland areas 

are common, and in certain crop areas (particularly in the Krasnogvardeysky, Dzhankoy, Krasnoperekopsk, 

Nizhnegorodsky, and Razdolny districts). In the rest of Crimea, the amount of soil organic carbon stored fell within the 

average range – 40-60 t/ha. Lower values are associated with areas that fall under the built areas. 
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Figure 7. Soil organic carbon stock within the Crimean Peninsula (based on [55]) 

Furthermore, the organic carbon stock in aboveground and belowground living biomass within the Crimean 

Peninsula was considered. Aboveground biomass encompasses parts of woody, shrub, and herbaceous vegetation 

growing above the soil surface. The belowground living biomass represents the underground parts of these plants (roots). 

It is important to note that the data on carbon stocks in dead biomass (fallen dead plant parts) were disregarded in this 

study. This is because the Carbon Storage and Sequestration model of the InVEST software [42] allows for calculations, 

even if this information is unavailable. 

Figures 8 and 9 illustrate maps of carbon stocks in aboveground and belowground living biomass, respectively, 

within the Crimean Peninsula. 

 

Figure 8. Aboveground living biomass within the Crimean Peninsula (based on [56]) 
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Figure 9. Belowground living biomass within the Crimean Peninsula (based on [56]) 

According to figures 8 and 9, carbon stocks were concentrated within the Crimean Mountains, where forests are 

widespread, revealing the highest amounts of aboveground and belowground carbon stocks (over 30 t/ha and 15 t/ha, 

respectively). The highest accumulation of carbon in living plant biomass is associated with the White Rock (Belogorsky 

district) zone, the eastern end of the Crimean Mountains (between the town of Stary Krym and the village of 

Shchebetovka), and the east of the Karabi-yayla. Here, the aboveground and belowground biomass carbon stocks 

exceeded 100 t/ha and 35 t/ha, respectively. Similar high values were observed within certain sections of the Crimean 

Mountains. 

The average amount of stored organic carbon within the entire Crimean Peninsula and separately within each 

landscape level from 2017 to 2023, as calculated using the Carbon Storage and Sequestration model of the InVEST 

software [42], is presented in Table 3. 

Table 3. Average amount (t/ha) of stored carbon within the landscape levels of the Crimean Peninsula landscapes in the 

period from 2017 to 2023 

Years Crimean Peninsula HLL LLLSM LLLNM ULL MLL 

2017 60.62 76.89 192.61 65.68 55.52 109.23 

2018 60.52 76.63 192.98 65.68 55.43 109.20 

2019 60.48 76.57 191.33 65.68 55.55 108.36 

2020 60.45 76.63 189.50 65.47 55.52 108.63 

2021 60.35 76.38 188.03 65.30 55.69 107.57 

2022 60.26 76.24 190.74 65.35 55.31 109.43 

2023 60.25 76,12 190.69 65.36 55.37 108.58 

Notation: HLL − hydromorphic landscape level; LLLSM − low-altitude landscape level of the southern 

macroslope; LLLNM − low-altitude landscape level of the northern macroslope; ULL − upland landscape 

level; MLL − mid-mountain landscape level. 

According to the data in Table 3, the highest amount of organic carbon in ecosystems was found in the low-altitude 

landscape level of the southern macroslope (in some places more than 384 t/ha, and on average up to 193 t/ha). Next, in 

decreasing order of organic carbon content within landscape levels is the mid-mountain landscape level (on average 

more than 107-109 t/ha in different years). Within these landscape levels, there are different types of land cover and 

environmental conditions that allow tree vegetation to grow and accumulate carbon in ecosystems. Next, the decreasing 

order of carbon content in ecosystems is the hydromorphic landscape level (over 76 t/ha), the low-altitude landscape 

level of the northern macroslope (over 65 t/ha), and the upland landscape level (over 55 t/ha). 
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Despite the interannual variability of the amount of organic carbon from year to year, overall, we can speak of a 

small reduction in carbon stocks on the territory of the Crimean Peninsula and separately within landscape levels for the 

period from 2017 to 2023 by the following orders: (1) Crimean Peninsula – 0.062 t/ha per year; (2) hydromorphic 

landscape level – 0.128 t/ha per year; (3) low-altitude landscape level of the southern macroslope – 0.32 t/ha per year; 

(4) low-altitude landscape level of the northern macroslope – 0.053 t/ha per year; (5) upland landscape level – 0.025 

t/ha per year; (6) mid-mountain landscape level – 0.108 t/ha per year. 

In some years, within all landscape levels, there was a partial increase in the amount of stored organic carbon, that 

is, accumulation in ecosystems within landscape levels: the hydromorphic landscape level in 2020, the low-altitude 

landscape level of the southern macroslope in 2018 and 2022, the low-altitude landscape level of the northern 

macroslope in 2022 and 2023, the upland landscape level in 2019, 2021, and 2023, and the mid-mountain landscape 

level in 2020 and 2022. 

The minimum values of stored carbon content within the ecosystems of the Crimean Peninsula are associated with 

built-up areas of surface – urbanized zones. The decrease in organic carbon content in ecosystems may also be related 

to changes in land use and land cover types of the territory over the seven years considered. 

The patterns of organic carbon accumulation in the landscapes of the Crimean Peninsula identified in this study 

allow the inclusion of these data in modeling different scenarios of land use and climatic changes in the territory of the 

Crimean Peninsula. 

4. Discussion 

Currently, there are some ways to calculate and estimate the organic carbon content of the environment, mostly in 

soils. Organic carbon assessment methodologies in ecosystems have been conducted using various models, including 

those that consider strategies to combat land degradation and climate change. A study conducted in western Canada 

compared three methods for assessing soil carbon and found that modeling using the Canadian Forest Sector Carbon 

Budget Model (CBM-CFS2) showed higher soil carbon values compared to field data but also revealed similar patterns 

in carbon distribution [58]. Another study in Northumberland (England) [59] demonstrated that using a combination of 

soil types, land use types, and other factors, such as elevation and pH, can significantly improve the accuracy of 

predicting soil organic carbon content. The inclusion of data on farmland use practices also increased the explanatory 

power of the model, indicating a significant influence of this factor on carbon content [59, 60]. This also confirms the 

importance of ecosystem carbon content as an indicator of ecosystem services [61]. Nussbaum et al. [62] described a 

new method for accurately assessing soil organic carbon stocks, allowing for more reliable data on average carbon stocks 

in forests. Modeling showed that the top layer of soil stores approximately 64% of carbon stocks (up to a depth of 100 

cm), in contrast to Quijano et al. [63], who showed that in eroded arable soils, carbon accumulation occurred in the 

lower soil layers, and that carbon accumulation in soil can reach a plateau, depending on a variety of factors [64]. This 

indicates the need for more accurate estimates that have been previously underestimated. 

Tayebi et al. [65] and Georgiou et al. [66] using machine learning algorithms have established that factors such as 

soil properties, geological conditions of the territory, and land-use history are major factors controlling soil carbon 

stocks. Beillouin et al. [15] noted that changes in abiotic factors, such as temperature, can affect biogeochemical cycles, 

and consequently, soil organic carbon stocks and biodiversity. In addition, using machine learning and satellite data 

from studies in South Africa [67] and the Tibetan Plateau [68], carbon stock maps were compiled, providing high-

spatial-resolution data that can be used to track carbon changes over time. Xu et al. [69] in Ireland combined existing 

soil databases to improve the assessment of soil organic carbon stocks at the national level. The results showed that the 

coastal areas of Ireland have a higher carbon density, which is related to the distribution of peatlands. These studies 

highlight the importance of studying the spatial distribution of soil carbon to understand the carbon balance of 

ecosystems [70]. It is important to note that these methods for assessing organic carbon stocks can be subject to 

significant distortions. For example, in soils with a high stone fragment content, stocks can be overestimated by more 

than 100%. This underlines the need to improve assessment methodologies for more accurate determination of carbon 

stocks in soils [71, 72]. 

In this study, the Carbon Storage and Sequestration model of the InVEST software [42] was used within the 

landscape levels of the Crimean Peninsula, which also has a number of limitations for calculating organic carbon in 

ecosystems. The main problem of using the model is that it requires high-quality spatial data on soil and vegetation 

cover with regular surface coverage. Insufficient or poor-quality data can lead to inaccurate calculations. It is also 

necessary to consider the complex structure of the ecosystems at different sites. These are quite diverse, and the model 

may not account for all the factors affecting carbon stocks, such as interactions between species, changes in land use, 

and anthropogenic impacts on individual sites. 

Although the model used simplifies the carbon cycle to allow it to work with a relatively small amount of 

information, rigor in the use of model parameters is noted, as choosing the wrong parameters in the model can 
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significantly affect the ecosystem carbon results. For example, as a simplification of the carbon cycle, it is noted that 

the model assumes that none of the land cover types (LULC) accumulate, store, or lose carbon over time, instead 

assuming that all LULC land cover types are at a fixed level. In addition, the model does not account for the organic 

carbon that moves from one biomass category to another. For example, if trees die due to disease, much of the carbon 

stored in aboveground living biomass is transferred to carbon stored in dead biomass, which is not accounted for 

permanently in the model [53]. 

In addition, there are technical limitations in the use of the model, as it uses a number of additional auxiliary programs 

for the computational steps of working with the model (ArcGIS, MS Excel), which can be a problem for users with 

limited technical capabilities. The limitations of this study include the use of data limited by the pixel size. The study 

used data with a spatial resolution of up to 300 m/pixel in the organic carbon stock layers of aboveground and 

belowground living biomass [56]. Thus, the model may not account for small-scale changes that can have a significant 

impact on carbon stocks in landscapes. Another important limitation of this study is the time frame for using this 

methodology to calculate the amount of stored carbon in ecosystems, as the Sentinel-2 layer data used (land cover types 

(LULC) [54] are available from 2017. 

5. Conclusions 

5.1. Scientific Novelty 

For the first time, calculations and estimations of the organic carbon content in the ecosystems of the Crimean 

Peninsula were carried out. Based on data on carbon stocks in Crimean soils, living plant biomass (belowground and 

aboveground parts), and land cover types, the average organic carbon stocks within the landscape levels of the Crimean 

Peninsula were calculated using the InVEST software from 2017 to 2023. 

5.2. Theoretical Contributions 

The following established spatial and temporal patterns in the study area were noted: the most organic carbon in 

soils accumulated within the yaylas (over 85 t/ha): within Babugan-yayla and Karabi-yayla, as well as within the eastern 

end of the Crimean Mountains (between the city of Stary Krym and the village of Shchebetovka) at the mid-mountain 

landscape level. The main organic carbon stocks in the aboveground and underground parts of vegetation are distributed 

within the mountainous Crimea, where forests are widespread (over 30 t/ha and 15 t/ha for the aboveground and 

underground parts of biomass, respectively) at the mid-mountain landscape level and low-altitude landscape level of the 

northern macroslope. The highest values of carbon accumulation in living plant biomass were associated with the White 

Rock zone (Belogorsky district), within the eastern end of the Crimean Mountains (between the city of Stary Krym and 

the village of Shchebetovka), and east of Karabi-yayla (over 100 t/ha and 35 t/ha, respectively) – mid-mountain 

landscape level and low-altitude landscape level of the northern macroslope. 

Organic carbon stocks in the territory of the Crimean Peninsula for the period 2017-2023 averaged from 193 t/ha 

(low-altitude landscape level of the southern macroslope) to 55 t/ha (upland landscape level), which is largely related to 

the different conditions of the distribution of land use and land cover (LULC) in the territory of the Crimean Peninsula. 

5.3. Practical Implications 

Overall, it can be concluded that there was an annual decrease in organic carbon stocks within the Crimean Peninsula 

from 2017 to 2023 of 0.062 t/ha per year, and separately within the landscape levels, ranging from 0.025 t/ha per year 

(upland landscape level) to 0.32 t/ha per year (low-altitude landscape level of the southern macroslope), which may be 

associated with trends in climate change in Crimea and changes in land cover types (active development of the territory, 

etc.). 

5.4. Research Limitations 

A number of technical limitations for the use of this method for calculating organic carbon in natural ecosystems 

have been noted, such as data quality, temporal coverage of data for calculations, spatial resolution of calculation results, 

and technical peculiarities of computational resources. 

5.5. Future Research Directions 

In general, future research needs to take into account the carbon cycle and its role in the global climate, as well as to 

establish, to a greater extent, the peculiarities of organic carbon dynamics in ecosystems. It is also important to consider 

the uncertainty that the input parameters (layers) are introduced into the overall calculation of organic carbon stocks. 

The development of more accurate models for predicting changes in carbon content in different types of terrestrial and 

aquatic ecosystems, taking into account the anthropogenic impact on these ecosystems, will allow us to come to the 

right mechanisms for monitoring and predicting. These directions of future research are relevant in connection with the 

modern socioeconomic and environmental aspects of natural resource use. 
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