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Summary 
 

Context and aim 
Armenia has begun developing a national accounting system aligned with the UN System of Environmental-Economic 

Accounting ς Ecosystem Accounting (SEEA EA), starting with water accounting. The Governmental Decision on the 
classification of land cover in RA (2019) initiated the first step toward ecosystem accounting by establishing extent 
accounts for land-cover classes. To support this move toward establishing national ecosystem accounting, a first version 
of Ecosystem Accounting Prototype (EA PV1) was created aimed at the following core objectives. The EA PV1 provides 
physical accounting for ecosystem extent (EE) and 13 main ecosystem services (ES) in Armenia, covering all ES 
categoriesτregulating, provisioning, recreational, and intangible (Section 1). 
 

Policy relevance of EA PV1 
 
Data for integration of ecosystem values into economic and environmental decision-making 
The total value of ES potential demonstrate their key importance for the economy and population of Armenia (Section 

3.5): tŜǊǊŜǎǘǊƛŀƭ ŜŎƻǎȅǎǘŜƳǎ ǇǊƻǾƛŘŜ фо҈ ƻŦ ǊƛǾŜǊǎΩ ōŀǎŜŦƭƻǿ (2212 Ƴƛƭƭƛƻƴ ƳшκȅŜŀǊ), ensuring water availability in summer 
and during droughts, which is critically important for Armenia; ecosystems prevent more than 90% of soil water erosion 
(140 Mt/year) and over 95% of sediment delivery to streams and water bodies (13 Mt/year), thereby protecting soils and 
maintaining water quality; ecosystems reduce spring and early summer flood risk by increasing runoff retention by 11% 
(119 million mш) and decreasing quick flow by 32% during extreme spring rainfall; forests cool the land surface in summer 
due to water evaporation, increasing on average cooling capacity by 21%; total carbon stock in soils and tree biomass 
amounts to 151 MtC; natural grasslands provide fodder for one million of livestock units; wild insects could potentially 
pollinate almost the entire area of agricultural crops. 

 
Data to support informed biodiversity conservation decision-making 
Ecosystem extent accounting (Sections 2.2ς2.5) captures diversity of terrestrial ecosystems; assesses ecosystem 

rarity; tracks changes in ecosystem extent; evaluates the contribution of different regions to the conservation of 
ecosystem diversity in Armenia. The most widespread natural ecosystems in Armenia are steppe and subalpine meadows 
ŜȄŎŜŜŘƛƴƎ рΣллл ƪƳч ŀƴŘ пΣллл ƪƳч ǊŜǎǇŜŎǘƛǾŜƭȅ (Section 2.3.A). Desert ecosystems, juniper woodlands, and marshes 
have the smallest areas : 7, 130 and 270 ƪƳчΣ ǊŜǎǇŜŎǘƛǾŜƭȅ, ͭ  ͔ͦ ͫͭΈ ͟ ͊͗͒͊Ύ less than 1% of Armenia's area. (Section 2.3.B). 
Ecosystem rarity and trends in extent are the two main indicators for compiling the Red List of Ecosystems of Armenia. 
Total ecosystem extent is greatest in Syunik marz and smallest in Armavir marz, however, Ararat marz is the most 
ƛƳǇƻǊǘŀƴǘ ŦƻǊ ŎƻƴǎŜǊǾƛƴƎ !ǊƳŜƴƛŀΩǎ ŜŎƻǎȅǎǘŜƳ ŘƛǾŜǊǎƛǘȅΣ ŀǎ ƛǘ Ŏƻƴǘŀƛƴǎ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ƻƴƭȅ ŘŜǎŜǊǘ ŀǊŜŀ (Section 2.3.A).  

Data on changes in ecosystem extent help identify threatened ecosystem types, while transition matrices reveal the 
processes driving these changes. Based on Esri land cover data, the total area of natural ecosystems in Armenia decreased 
ōȅ ртуΦф ƪƳч όҍнΦр҈ύΦ ¢ƘŜ Ƴƻǎǘ ǎƛƎƴƛŦƛŎŀƴǘ ǊŜŘǳŎǘƛƻƴǎ ƻŎŎǳǊǊŜŘ ƛƴ ƳŜŀŘƻǿ-ǎǘŜǇǇŜ ŜŎƻǎȅǎǘŜƳǎ όнрп ƪƳчΣ уΦф҈ ŘŜŎƭƛƴŜ 
relative to their area in 2017). The very small absolute decreases in marshes and deserts correspond to noticeable relative 
declines of 2.6% and 3%, respectively. The largest losses of natural ecosystemsτprimarily steppe and meadow-steppeτ
occurred in the marzes of Shirak, Lori, Gegharkunik, and Aragatsotn. The most extensive land cover transitions were 
ƻōǎŜǊǾŜŘ ŦƻǊ ƎǊŀǎǎƭŀƴŘǎ ŎƻƴǾŜǊǘŜŘ ƛƴǘƻ ŎǊƻǇƭŀƴŘǎΦ Lƴ ǇŀǊǘƛŎǳƭŀǊΣ отл ƪƳч ƻŦ ǎǘŜǇǇŜǎΣ нтл ƪƳч ƻŦ ƳŜŀŘƻǿ-steppes, 144 
ƪƳч ƻŦ ǎŜƳƛ-ŘŜǎŜǊǘǎΣ ŀƴŘ см ƪƳч ƻŦ ǎǳōŀƭǇƛƴŜ ƳŜŀŘƻǿǎ ǿŜǊŜ ŎƻƴǾŜǊǘŜŘ ƛƴǘƻ ŎǊƻǇƭŀƴŘǎ ό{ŜŎǘƛƻƴ нΦоΦ/ύΦ 

 
Land-use planning and sustainable ecosystem use to maintain ecosystem services  
The contribution of different ecosystem types to ES delivery in Armenia and across marzes and watersheds provides 

an information base for territorial planning aimed at maintaining key ES. It helps decision-makers identify the ecosystem 
types that are most important for ES delivery, prioritize areas for ecosystem conservation and restoration, and optimize 
land-use allocation. For example, for the ES of baseflow provision, subalpine, alpine, and meadow-steppe ecosystems 
play the most important role, providing ǘƘŜ ƭŀǊƎŜǎǘ ŀƴƴǳŀƭ ōŀǎŜŦƭƻǿ ǾƻƭǳƳŜǎ όрррΣ плрΣ ŀƴŘ оон Ƴƛƭƭƛƻƴ Ƴш/year, 
respectively) (Section 3.1.B). The ES of soil erosion prevention is most effectively provided by forests, which prevent 35 
Mt/year of erosion; however, in non-forested regions, grasslands play a critical role. Subalpine, meadow-steppe, steppe, 
and meadow ecosystems together prevent 85 Mt/year of erosion (Section 3.1.C). The conservation and restoration of 
habitats for wild insect pollinators within agricultural landscapes can potentially support pollination across almost the 
entire area of agricultural crops in Armenia, thereby sustaining the yields of entomophilous crops (Section 3.1.H). 
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The balance between ES potential (capacity), demand, and current use helps identify areas where ecosystems can 
meet current and future ES needs, as well as areas of overuse or underuse, and supports informed decision-making on 
whether ES use should be increased or reduced. For example, the ES of baseflow provisioning is insufficient to meet the 
needs of the economy and population in two basinsτMetsamor and Hrazdanτwhere water consumption exceeds 
baseflow volume, while in other watersheds baseflow exceeds water consumption several times (Section 3.1.B2). The ES 
of sediment export prevention is also most critical in these watersheds, preventing 0.48 and 0.35 Mt/year of sediment 
from entering water used for consumption (Section 3.1.C3). The ES of forage and fodder production by natural grasslands, 
assuming an even distribution of livestock across the territory, shows unused potential in all marzes except Armavir. The 
level of ES use ranges from 10% (Vayots Dzor) to 59% (Ararat) and is sensitive to whether land degradation is taken into 
account (Section 3.2.A3).  

 
Land-use planning for climate change mitigation 
Accounting for the ES of carbon storage (Section 3.1.G) and the ecosystem cooling effect (Section 3.1.E) helps identify 

priority ecosystems and areas and supports land-use planning aimed at mitigating climate change at both global and local 
scales. It highlights territories that contribute most to climate regulation and therefore require targeted conservation or 
sustainable management. It also helps planners avoid decisions that could reduce ecosystem carbon stocks or increase 
local heat stress. In Armenia, approximately 90% of total carbon stocks are stored in soils, underscoring the importance 
of soil protection. These stocks are particularly significant in regions and natural zones with high soil carbon content, 
including mountain grasslands, steppes, grasslands within forest zones, and forests, which contain around 60 tC/ha. 
Regarding local climate regulation, forests provide cooling of near-surface air during summer. In forested marzesτ
Tavush, Lori, and Syunikτthey increase the cooling capacity of land cover by 77%, 57%, and 36%, respectively, and on 
average across Armenia by 21% (Section 3.1.E). 

 
Land-use planning for natural hazard risk reduction 
Accounting for the ES of flood mitigation and erosion prevention provides an information base for territorial planning 

aimed at reducing risks associated with flooding and soil erosion. It enables planners to prioritize conservation and 
restoration measures in areas where the loss of ecosystem functions could lead to increased damage, higher public costs, 
or greater risks for local communities. Ecosystems reduce quick ǊǳƴƻŦŦ ōȅ ŀƴ ŀǾŜǊŀƎŜ ƻŦ п ƳƳ όҍон҈ύ ŀƴŘ ƛƴŎǊŜŀǎŜ ǊǳƴƻŦŦ 
ǊŜǘŜƴǘƛƻƴ ōȅ пл ƳшκƘŀ όҌмм҈ύ ŘǳǊƛƴƎ ŜȄǘǊŜƳŜ ǎǇǊƛƴƎ ǊŀƛƴŦŀƭƭΣ ǘƘŜǊŜōȅ ƳƛǘƛƎŀǘƛƴƎ ŦƭƻƻŘ ǊƛǎƪΦ ¢ƘŜ ǘƻǘŀƭ ǊǳƴƻŦŦ ǊŜǘŜƴǘƛƻƴ 
volume is highest in the marzes of Syunik and Gegharkunik, where mountain grasslands make a substantial contribution, 
and lowest in Armavir marz. Among vegetation types, steppe and subalpine meadows contribute the most, while open 
woodlands, deserts, and marshes contribute the least due to their limited extent (Section 3.1.D). Forests are the most 
effective ecosystems for preventing erosion. All types of woodlands and grasslands, except semi-deserts and deserts, are 
also highly effective in erosion prevention. The highest rates of total avoided erosion were recorded in the marzes of 
Syunik, Lori, and Tavush, while the lowest values were observed in Armavir (Section 3.1.C). 

 
Impacts of land use on ecosystem services 
In the EA PV1, changes in ES were estimated as a result of land-cover change. The overall 2.5% reduction in the extent 

of natural ecosystems from 2017 to 2023 led to a 0.5ς2.7% decline in the potential of all quantitatively assessed ES. The 
most affected ES wŜǊŜ ŎŀǊōƻƴ ǎǘƻǊŀƎŜ όҍнΦт҈ύΣ ŦƭƻƻŘ ƳƛǘƛƎŀǘƛƻƴ όҍнΦо҈ύΣ ōŀǎŜŦƭƻǿ ǇǊƻǾƛǎƛƻƴƛƴƎ όҍнΦн҈ύΣ ŀƴŘ ŦƻŘŘŜǊ 
ǇǊƻŘǳŎǘƛƻƴ όҍнΦм҈ύ ό{ŜŎǘƛƻƴ оΦрύΦ ¢ƘŜǎŜ ǊŜǎǳƭǘǎ ŎƭŜŀǊƭȅ ŘŜƳƻƴǎǘǊŀǘŜ Ƙƻǿ ŎƘŀƴƎŜǎ ƛƴ ŜŎƻǎȅǎǘŜƳ ŜȄǘŜƴǘ ŘƛǊŜŎǘƭȅ ŀŦŦŜŎǘ ōƻǘƘ 
the overall supply of ES and their spatial distribution. Such information is essential for planning and prioritizing measures 
aimed at maintaining or enhancing ecosystem benefits for communities and economic sectors across Armenia. 

 
International reporting and integration 
The 9! t±м ƛǎ ŀƭƛƎƴŜŘ ǿƛǘƘ ǘƘŜ ƻǾŜǊŀǊŎƘƛƴƎ ǇǊƛƴŎƛǇƭŜǎ ŀƴŘ ǎǳǇǇƻǊǘǎ !ǊƳŜƴƛŀΩǎ ƛƴǘŜƎǊŀǘƛƻƴ ƛƴǘƻ ǘƘŜ Ƴŀƛƴ Ǝƭƻōŀƭ ŀƴŘ 

international processes in the fields of ecosystem accounting and biodiversity protection. The EA PV1 includes indicators 
and maps consistent with the frameworks of the following international initiatives: 

- System of Environmental-Economic Accounting τ Ecosystem Accounting (SEEA EA) - c͔osystem extent and ecosystem services 
accounting (Sections 2 and 3); 

- Integrated Natural Capital Accounting in the European Union (EU INCA) - ecosystem service accounting (Section 3), subsections 
about ES potential-use balance; 

- Convention on Biological Diversity (CBD) and Global Biodiversity Framework (GBF) - - c͔osystem extent and ecosystem services 
accounting (Section 4);  

- Global Ecosystem Atlas (GEA) ς the map of ecosystems (Section 2.7); 
- Red List of Ecosystems (RLE) of International Union for Conservation of Nature (IUCN) - extent of ecosystems (Section 2.3). 
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For reporting to international systems, ecosystem accounting data must be recoded in accordance with the ecosystem 
classification used by the respective platform. Thus, for reporting to SEEA-EA and GEA, ecosystem extent data should be recalculated 
according to the IUCN GET as presented in Section 2.7. Ecosystem service accounting data should also be recalculated in accordance 
with the IUCN classification. 

 

Data and methodological gaps for initiating ecosystem accounting in Armenia 
 
Lack of a reliable, regularly updated national land cover dataset. Global datasets show discrepancies with 

government-ǊŜǇƻǊǘŜŘ Řŀǘŀ ƻŦ ŀōƻǳǘ нл҈ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ŀǊŜŀ ŀƴŘ Ŏƻƴǘŀƛƴ ŜǊǊƻǊǎ (Section 5.1.A). For EA PV1, the Esri 
dataset was selected, as it enables the assessment of changes in ecosystem extent (EE) and ecosystem services (ES) 
between 2017 and 2023. Government-reported land cover data currently lack digital maps and therefore cannot support 
ES GIS modelling or the construction of land cover transition matrices, as recommended by the SEEA EA (Section 5.1.B). 

 
Absence of a detailed ecosystem map. EA PV1 relies on a generalized vegetation map developed based on previous 

academic studies by Armenian geobotanists. A consistent, high-resolution national ecosystem map is needed for accurate 
ecosystem extent accounting and to support informed biodiversity conservation decision-making (Section 5.1.C). 

 
Data gaps for ES modelling and mapping. Some data required for ES assessment were sourced from global databases 

and the literature due to the lack of availability in national open-access databases. Limited national monitoring data and 
missing information (e.g., on ES use) constrain comprehensive assessment. ES modelling for national ecosystem 
ŀŎŎƻǳƴǘƛƴƎ ǎƘƻǳƭŘ ōŜ ōŀǎŜŘ ƻƴ Řŀǘŀ ǾŜǊƛŦƛŜŘ ǘƘǊƻǳƎƘ ƛƴ ǎƛǘǳ ƳŜŀǎǳǊŜƳŜƴǘǎ ŦǊƻƳ !ǊƳŜƴƛŀΩǎ ƘȅŘǊƻƳŜǘŜƻǊƻƭƻƎƛŎŀƭΣ 
geodesy, and cartography services (Section 5.3.A). 

 
Scoping-level ES models. The scoping-level ES models used in the EA PV1 are appropriate at this stage; however, more 

detailed models are required for comprehensive ES accounting that reflects the diversity of natural conditions and 
economic factors in Armenia (Section 5.3.D). 
 

Main initial data-related steps for launching ecosystem accounting in Armenia 
The launch of the first phase of ecosystem accounting requires only standard, commonly available hardware and 

software. The initial data-related steps for terrestrial ecosystem accounting are as follows (Section 6): 

¶ Establish a national land cover dataset, verified using Armenian data and harmonized with official land-cover 
statistics, including a clearly defined methodology for its updating based on satellite imagery from global sources 
and official data from Armenia.  

¶ Produce a detailed national ecosystem map using GIS-based methods, land cover data, and the Ecological Land 
Units (ELU) approach.  

¶ Compile national and regional databases of ES modelling coefficients, containing nationally validated data on 
natural conditions based on in situ measurements in Armenia, as well as statistical and survey data on ES use 
and demand.  

¶ Design a framework for integrating scoping-stage ES models (InVEST and others) with advanced hydrological 
and meteorological models to account for the high diversity of natural conditions in Armenia. 
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1. Introduction: the aim and general methodology of the project 

1.1. Aim of the project 

The aim of the project is to create a Prototype of national ecosystem accounting (EA) for natural terrestrial ecosystems 
of Armenia in physical terms, in accordance with the System of Environmental-Economic Accounting framework (SEEA 
EA) (United Nations, 2021), and to provide technical recommendations for initiating physical EA in Armenia.  

The project is being implemented by Biodiversity Conservation Center BCC Armenia jointly with the Leibniz Institute 
of Ecological Urban and Regional Development (IOER) with the participation of experts from leading scientific 
organizations in Armenia. The ǇǊƻƧŜŎǘ ƛǎ ŦǳƴŘŜŘ ōȅ ǘƘŜ DŜǊƳŀƴ CŜŘŜǊŀƭ 9ƴǾƛǊƻƴƳŜƴǘ aƛƴƛǎǘǊȅΩǎ !ŘǾƛǎƻǊȅ !ǎǎƛǎǘŀƴŎŜ 
Program (AAP) for environmental protection in the countries of Central and Eastern Europe, the Caucasus and Central 
Asia and other countries neighboring the European Union. It is supervised by the Federal Agency for Nature Conservation 
(BfN) and the German Environment Agency (UBA). The project is carried out in Armenian and English languages. 

1.2. System of Environmental-Economic AccountingτEcosystem Accounting  
(SEEA EA) 

Sustainable development is impossible without an understanding of ecosystems, the services that they provide to 
humans, and the changes they undergo. This challenge is addressed by EA, which has been rapidly evolving in recent 
years. In 2024, 94 countries conducted accountingτto varying extentsτunder SEEA Central Framework (SEEA CF) and 
53 countries also compile the SEEA Ecosystem Accounting (SEEA EA) and/or thematic accounts. (SEEA Global assessment, 
2024)1. In particular, the INCA project has launched a pilot EA for EU countries (European Commission, 2021).  

The EA constitutes a statistical framework for organizing data about ecosystems and ecosystem services, tracking 
changes in them. EA data are needed for the following tasks: to make visible and understandable to people the material 
and non-material contribution of living nature to their well-being; to assess and track the state of ecosystems and their 
services; to identify and track the impact of human activities on the state of ecosystems and their services; to provide an 
information basis for decision-making in order to maintain and sustainably use ecosystems and ecosystem services. 

The SEEA EA is built on a few core accounts (Figure 1.2-1):  
1. Ecosystem extent (EE) accounts record the size of ecosystems of different types and changes in it. Ecosystem extent 

is usually measured in terms of spatial area but may also be measured in terms of length or volume. Ecosystem extent is 
accounted for within ecosystem accounting areas (EAAs)τe.g., a nation, province, river basin, or protected areaτby 
ecosystem type. 

2. Ecosystem condition accounts record the condition of ecosystems and the changes in it providing valuable 
information on the health of ecosystems. 

3. & 4. Ecosystem services (ES) accounts (physical and monetary) record the supply of ES by ecosystems and the use 
of those ES by economic units, including households. 

5. Monetary ecosystem asset accounts record on stocks and changes in stocks of ecosystem assets. 
 
 
 
 
 
 

Figure 1 2-1: Ecosystem accounts and how they 
relate to each other  

(https://seea.un.org/ecosystem-accounting).  

Accounts included in PV1 are highlighted in red. 

 
 
 

 
1 SEEA Global assessment, 2024. https://seea.un.org/content/global-assessment-environmental-economic-accounting 

https://seea.un.org/ecosystem-accounting
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1.3. Ecosystem accounting in Armenia 

Currently, Armenia is among the 94 countries that apply the SEEA Central Framework and among the 67 countries 
that publish at least one account on a regular basis (Stage III)2. As indicated by the 2024 SEEA Global Assessment3 Armenia 
compiles water accountsτspecifically, physical and monetary supply-and-use tables for water4 τ which are published 
on the website of Statistical Committee of the Republic of Armenia (Armstat)5 

As stated on the SEEA website, as of 2024 Armenia has not yet begun compiling ecosystem accounts. Nevertheless, 
important steps toward ecosystem accounting have already been taken, both at the government level and by Armenian 
scientific community. 

The Decision of the Government of the Republic of Armenia in April 11, 2019 n 431-n6 άhƴ ŀǇǇǊƻǾŀƭ ƻŦ ǘƘŜ ǇǊƻŎŜŘǳǊŜ 
ŦƻǊ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ƭŀƴŘ ŎƻǾŜǊ ƻŦ ǘƘŜ wŜǇǳōƭƛŎ ƻŦ !ǊƳŜƴƛŀέ set out the framework for the annual accounting of the 
areas of the main land-cover classes in Armenia, based on the results of current land accounting in communities, marzes 
(provinces), and nationwide. Accounts should be compiled for the following land-cover classes: Cultivated lands; 
Grasslands; Tree-covered areas; Shrub-covered areas; Water covered areas; Vegetation-free areas. Since then, statistical 
data on the areas of these land-cover classes have been publicly available at the marz level and for Armenia as a whole 
(see Section 2.2). Annual accounting of land-cover class areas is a fundamentally important step toward ecosystem 
accounting. However, for a modern, comprehensive accounting of ecosystemsτas carriers of biodiversity and providers 
of ecosystem servicesτit is necessary to have not only statistical tables but also digital maps, which are not yet available 
for the entire territory of Armenia. 
Lƴ ǊŜŎŜƴǘ ȅŜŀǊǎΣ ŀǘǘŜƴǘƛƻƴ ǘƻ !ǊƳŜƴƛŀΩǎ 9{ Ƙŀǎ ōŜŜƴ ƛƴŎǊŜŀǎƛƴƎ (Shahnazaryan, Harutyunyan, 2017), including water-

regulating ES (IntroductionΧΣ нлмм), soil erosion prevention (GIZ EcoServe Project, 2014; 2016; Pietsch et al., 2019) and 
cultural ES (Asatryan et al., 2024; Pietsch et al., 2019). However, quantitative assessment and mapping of ES at the 
national level in Armenia have not yet been carried out. 

1.4. Ecosystem Accounting Prototype Version 1: content and methodology 

The EA Prototype Version 1 (EA PV1) follows the recommendations of SEEA-EA (United Nations, 2021) and the 
European INCA project on ecosystem accounting (Eurostat, 2024 a,b; Vallecillo et al., 2019) and covers physical EE and 
ES account (highlighted in red in the Figure 1.2-1). Monetary accounts are not included in the project. The EA PV1 includes 
statistical tables and maps presenting EE and ES indicators, as well as a short description of the main results, data sources 
used, the assessment methodology. 

The EA PV1 was created based on currently available data - published open statistical, cartographic and scientific data 
for Armenia, as well as global databases. The project did not include the collection of primary data or specialized scientific 
research. In cases where national data is not available, the assessment was made based on global databases or expert 
estimates. Therefore, EA PV1 presents a simplified version of EA, including only those components that could be assessed 
within the project framework using available open global and national data. Nevertheless, EA PV1 demonstrates the main 
approaches to EE and ES accounting, including examples of accounting tables in the UN-recommended format. 

Natural terrestrial ecosystems are understood as all areas excluding anthropogenic areas that are created and 
managed by humans τ namely, built-up areas and cropland. Water bodies and aquatic ecosystems were excluded from 
the analysis because the factors determining their condition and dynamics differ significantly from those affecting 
terrestrial ecosystems. Agroecosystems on cultivated lands and ecosystems within settlements were excluded from the 
accounts. Yerevan was also excluded from the accounts and only marzes were involved in marz level. 

EE and ES accounts were compiled for the following ecosystem accounting areas (EAA): 
- !ǘ ǘƘŜ ƴŀǘƛƻƴŀƭ ŀƴŘ ƳŀǊȊ ƭŜǾŜƭǎΣ ǳǎƛƴƎ !ǊƳŜƴƛŀΩǎ ƴŀǘƛƻƴŀƭ ŀƴŘ ƳŀǊȊ ōƻǳƴŘŀǊƛŜǎ from the Interactive Forest Atlas 

of Armenia7 website; 
- Main watersheds (HydroSHEDS),  
- Landscape zones (Interactive Forest Atlas of Armenia);  
- Vegetation zones based on the map produced under the project (Section 2.3) 
- For methodological purposes, we also developed sample EE and ES ŀŎŎƻǳƴǘǎ ŦƻǊ !ǊƳŜƴƛŀΩǎ ǇǊƻǘŜŎǘŜŘ ŀǊŜŀǎ όt!ǎύ 

(Sections 2.6 and 3.1.D). 

 
2 https:// seea.un.org/content/global-assessment-environmental-economic-accounting 
3 https:// seea.un.org/content/2024-global-assessment  
4 https:// seea.un.org/sites/seea.un.org/ files/ files/Global_assessment/2024_GA/global_assessment_for_website_2024_final.xlsx 
5 PxWeb - Select table  
6 https://www.arlis.am/hy/acts/135631 
7 https://forestatlas.am/  

https://seea.un.org/content/global-assessment-environmental-economic-accounting
https://seea.un.org/content/2024-global-assessment
https://seea.un.org/sites/seea.un.org/files/files/Global_assessment/2024_GA/global_assessment_for_website_2024_final.xlsx
https://statbank.armstat.am/pxweb/en/ArmStatBank/ArmStatBank__8%20Environment__Environmental%20economic%20accounts__Water%20Accounts
https://www.arlis.am/hy/acts/135631
https://forestatlas.am/
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To map and assess EE and ES we used the 10 m-resolution Esri land cover dataset8 to exclude built-up areas and 
cropland from the accounts, as well to delineate forest and non-forest areas. The Esri land-cover dataset was selected as 
an EA component following tests of several land-cover datasets, which indicated that Esri data closely align with state 
statistics on agricultural areas in Armenia and enable us to demonstrate the dynamics of ecosystem extent and ES (Section 
2.1). To demonstrate the ability of the EA Prototype to track changes in ecosystem extent and ES, we selected two 
reference yearsτ2017 and 2023τbased on the Esri land cover dataset. 

For data preprocessing, EE and ES mapping, and GIS analysis we used the open source QGIS application and custom 
Python scripts. For assessing and mapping water-related regulating services, we used models from the InVEST GIS tool 
(Section 3.1.A). 

Ecosystem extent 

At present, Armenia lacks a detailed, regularly updated digital ecosystem map. Therefore, to support an informed 
choice of the most suitable EE accounting methodology, we tested the feasibility of compiling EE accounts using different 
approaches to ecosystem classification: 

- The most generalized division of ecosystems by land-cover classes, that is, accounting for the extent of natural land-
cover classes (Section 2.2); 

- Types of natural vegetation (Section 2.3) 
- Types of natural landscapes (Section 2.4); 
- Intersections of landscape zones land cover classes (LLCC) as a proxy of terrestrial ecosystems (Section 2.5).  
SEEA EA recommends compiling national ecosystem accounts in accordance with the national ecosystem 

classification. Accordingly, we used the classification of landscape and vegetation zones adopted by the academic 
community of Armenia. Subsequently, all results can be reclassified into the SEEA-approved IUCN GET system level 3 for 
the purpose of international comparison (Section 2.3.A).  

The source land cover maps were provided as raster data in GeoTIFF format, while the layers of climatic, landscape, 
and vegetation zones were delivered as vector data in GeoPackage format. To combine this data, first, the vector maps 
were rasterized in QGIS to match the coordinate reference system, spatial extent, and resolution of the land cover rasters, 
ensuring all maps shared the same pixel-wise structure. Next, the resulting raster maps with zonal boundaries were 
combined with the land cover raster maps through two steps: (i) the pixel values of the land cover map were multiplied 
by 100, and (ii) these adjusted values were added to the corresponding pixel values of a zonal map, resulting in a unified 
raster. For example, a final pixel value of 204 indicates that the pixel has a land cover value of two (e.g., trees) and a 
landscape value of four (e.g., low and middle mountain forest). This combined raster was then analyzed using a vector 
layer containing marz or watershed borders. The Zonal Histogram tool in QGIS was employed to count the occurrences 
of each unique raster value within the polygonal zones of the marzes or watersheds. The output layer, which contained 
statistics on the number of pixels with unique raster value within each marz or watershed, was exported in tabular format 
for further statistical analysis.  

The area was calculated based on an average pixel size of 100 Ƴч. The mismatch between the total area of the country 
and marzes derived from land cover data and the official figures is due to discrepancies in the boundaries of the digital 
maps used, as well as unaccounted variation in pixel area caused by terrain across Armenia. These discrepancies should 
be addressed in the development of a national ecosystem extent accounting in Armenia. 

SEEA EA recommends annual accounting of ecosystem extent. However, in Armenia, according to the Decision of the 
Government of the Republic of Armenia in April 11, 2019 n 431-n9, annual data collection is currently established only for 
statistics on the areas of land-cover classes, without publicly accessible digital maps (see Section 2.2.A). Therefore, for 
methodological purposes, and to demonstrate ability of EA to track ecosystem dynamics, we used Esri Land Cover data 
for 2017 and 2023. 

Also, we could not fully comply with the SEEA-EA recommendations to distinguish changes in ecosystem extent 
between managed and unmanaged changes because of the lack of data. However, for a substantial share of the land-
cover changes detected by the Esri land cover dataτspecifically the expansion of cropland and built areaτit is evident 
that these are managed changes. Therefore, in the final accounting tables, this driver is indicated for these cases; for the 
ƻǘƘŜǊ ŎŀǎŜǎΣ ǘƘŜ ŘǊƛǾŜǊ ƛǎ ǊŜŎƻǊŘŜŘ ŀǎ άƴƻǘ ŘŜǘŜǊƳƛƴŜŘΦέ 

EE account by economic units was made for marzes. 
Transition matrices (change matrices) were produced on the base of GIS-analysis for both land-cover classes and 

vegetation types. The land-cover class matrix directly captures class-to-class transitions between the Esri 2017 and 2023 
datasets. The vegetation-type transition matrix also shows how areas of vegetation zones transited into land-cover 

 
8 https:// livingatlas.arcgis.com/en/home/  
9 https://www.arlis.am/hy/acts/135631 

https://livingatlas.arcgis.com/en/home/
https://www.arlis.am/hy/acts/135631
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classes (e.g., steppe vegetation converting to croplands, built-up, bare ground, or tree cover, and vice versa). Zone-to-
zone vegetation transitions are not recorded in the EA PV1, because the zone boundaries did not change.  

Ecosystem services 

In the SEEA-EA (United Nations, 2024), ES are understood as the contributions of ecosystems to benefits used in 
economic and other human activities. Final ES are those in which the user of the service is an economic unit; thus, every 
final ES represents a flow between an ecosystem asset and an economic unit. Intermediate ES are those in which the user 
is an ecosystem asset and there is a connection to the supply of final ES. Benefits are the goods and services that are 
ultimately used and enjoyed by people and society. As applied in ecosystem accounting, a benefit will reflect a gain or 
positive contribution to well-being arising from the use of ecosystem services. 

The EA PV1 accounts for 13 final ES across all final ES categories: provisioning, regulating, recreational and intangible 
(Table 1.4-1). We did not consider intermediate ES. The full list of ES mentioned in SEEA--EA is presented in Table 1.4-2. 

Table 1.4-1. List of ES asessed in the EA PV1 

Ecosystem services Section 

Provisioning ES 

1) Production of forage and fodder for cultivated livestock by natural 
grasslands 

Potential  
Supply=Use 

3.2.A 

2) Wild plants biomass production: edible and culinary plants 

Potential (score) 3.2.B 3) Wild plants biomass production: medicinal plants 

4) Nectar production by wild plants for honey bees to produce honey 

Regulating ES 

5) Global climate regulation: carbon storage in soil and tree biomass Potential 3.1.G 

6) Local climate regulation: ecosystem effect on surface temperature  Potential 3.1.E 

7) Prevention of soil erosion Potential  
Supply=Use 

3.1.C 
8) Prevention of sediment export to streams 

9) Baseflow provision 
Potential  
Supply=Use 

3.1.B 

10) Flood risk mitigation  Potential 3.1.D 

11) Crop pollination by wild insects Potential (score) 3.1.H 

Recreational ES 12) Natural conditions for recreation Potential 3.3 

Non-material ES 13) Importanse of biodiversity for Armenian culture 
Potential 
(description) 

3.4 

 
The EA PV1 focuses on the natural conditions and processes underpinning ES provision, while excluding societal 

factors of ES supply and use, ecosystem management and other labor and resource inputs associated with ES supply and 
use, ES import-export, as well as ES contributions to the System of National Accounts.  

The SEEA EA terminology concerning ES volume provided by ecosystems differs slightly from that commonly used in 
literature. Lƴ ƳǳŎƘ ƻŦ ǘƘŜ 9{ ƭƛǘŜǊŀǘǳǊŜΣ ǘƘŜ ǘŜǊƳ ǎǳǇǇƭȅ ƛǎ ǳǎŜŘ ǘƻ ǊŜŦŜǊ ǘƻ ŀƴ ŜŎƻǎȅǎǘŜƳΩǎ ǇƻǘŜƴǘƛŀƭ ƻǊ ŎŀǇŀŎƛǘȅ ǘƻ ǎǳǇǇƭȅ 
ES irrespective of use. In the SEEA-EA framework, ES physical accounts record the supply of ES by ecosystems and the use 
of ES by economic units (businesses, governments and households). ES are recorded as flows between ecosystem assets 
and economic units. The measures of supply and use are equivalent and will be equal to the actual flow between the 
ecosystem asset and people. In other words, the total volume of ES supplied by different ecosystems equals the total 
volume of ES used by different users. These indicators show how ES produced by different ecosystems are redistributed 
among different users. However, they do not reveal management-relevant aspects τ such as the degree of ES use 
(including overuse and the potential to scale up use), or the extent to which the existing ES flow meets demand. These 
aspects can be assessed on the base of ecosystem potential to provide ES (capacity) which is understood as the ability of 
an ecosystem to generate an ES at the highest yield or use level that does not negatively affect the future supply of the 
same or other ES from that ecosystem. SEEA EA proposes keeping separate accounts for ecosystem capacity. INCA project 
proposes to include in accounting tables indicators of ES potential (capacity), ES demand, actual ES flow which is equal to 
ES supply-use, and unmet demand (Vallecillo et al., 2019). 

Given the pivotal importance of the ecosystem potential (capacity) indicator for ecosystem management, we adopted 
it in PV 1 as the primary basis for ES assessment. Ecosystem potential can be evaluated from natural factors and the 
biological characteristics of ecosystems. Such data were available for all 12 ES assessed quantitatively or by scoring (the 
ŜȄŎŜǇǘƛƻƴ ƛǎ ǘƘŜ 9{ άōƛƻŘƛǾŜǊǎƛǘȅ ǾŀƭǳŜ ŦƻǊ !ǊƳŜƴƛŀΩǎ ŎǳƭǘǳǊŜΣέ ǿƘƛŎƘ ǿŜ ƻƴƭȅ ŘŜǎŎǊƛōŜd with examples). The ecosystem 
potential (capacity) is relevant both for ES that can be overused (provisioning and recreational services) and for regulating 
ES, which cannot be directly overused but may be insufficient to meet human demand. The capacity was assessed for the 
remaining 12 ES (Table 1.4-2).  

The assessment of ES use requires socio-economic data, which was available for only six ES. In four cases the ES users 
(economic units) were the marzes for the grazed biomass production ES (ES 1 in Table 1-1), two water-regulating ES (ES 
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8 and 9), and pollination (ES 11); in one caseτsettlements for ǘƘŜ ŜŎƻǎȅǎǘŜƳǎΩ ŎƻƻƭƛƴƎ ŜŦŦŜŎǘ (ES 6); and in one caseτ
Protected Areas for the ES of natural conditions for hiking in PAs (ES 12). Benefits derived from assessed ES are described 
in Table 1.4-3. 

Changes in ES were assessed only in terms of their potential/capacity, based on land-cover changes between 2017 
and 2023. The effects of climate change were not taken into account. An assessment of changes in ES use and supply was 
not conducted because data on ES use for 2017 are unavailable.  

Table 1.4-2. List of ES from SEEA EA, with those included in the EA PV1 highlighted in bold italics. 

Ecosystem service 
Indicators of potential 

ES (capacity) 
Indicators of ES 
supply and use 

Assessing method Section  

Provisioning ES 

Biomass 
provisioning 

Crop provisioning ES NA (ES provided by non-natural agroecosystems) 

1) Grazed biomass 
provisioning ES: production 
of fodder for cultivated 
livestock by natural 
grasslands 

Maximum allowable 
stocking rate (LU/ha) 

Current number 
of cattle, sheep 

and goats (LU/ha) 

Mapping, GIS- and 
descriptive data 

analysis 
3.2.A 

Livestock provisioning ES NA (ES provided by non-natural agroecosystems) 

Aquaculture provisioning ES NA (ES provided by non-natural aquatic systems) 

Wood provisioning ES NA (lack of open statistical data) 

Wild fish and other natural 
aquatic biomass provisioning 
ES 

NA (lack of open statistical data) 

Wild plants biomass 
provisioning ES:  
2) Culinary plants 
3) Medicinal plants 

Score-based 
assessment 

NA 
Mapping, GIS- and 
descriptive data 

analysis 
3.2.B 

Wild animals and other 
biomass provisioning ES 

NA (lack of open statistical data) 

Genetic material NA (limited project resources and time) 

Water supply Water supply is accounted for ES seasonal water flow regulation and baseflow maintenance 

Other 
provisioning ES 

4) Nectar production by wild 
melliferous plants for 
honeybees to produce honey 

Score-based 
assessment 

NA 
Mapping, GIS- and 
descriptive data 

analysis 
3.2.B 

Regulating and maintenance ES 

Global climate 
regulation 

5) Storage of carbon in 
ecosystems in soil and tree 
biomass 

/ŀǊōƻƴ ŎƻƴǘŜƴǘΣ ǘ˿κƘŀ 
Carbon stock, Mtc 

NA 
Mapping, GIS- and 
descriptive data 

analysis 
3.1.G 

Other global climate 
regulation ES 

NA (limited project resources and time) 

Rainfall pattern 
regulation  

NA (limited project resources and time) 

Local (micro and 
meso) climate 
regulation 

6) Effect of natural 
ecosystems on surface 
temperature  

Cooling capacity of 
natural ecosystems 

NA 
GIS-modeling with 
the InVEST Urban 

Cooling model 
3.1.E 

Air filtration NA (ES is most important for urban ecosystems) 

Soil quality 
regulation 

NA (limited project resources and time) 

Soil and sediment 
retention  

7) Prevention of soil erosion; 
8) Prevention of ediment 
export to streams 

Avoided erosion and 
avoided sediment 

export, 
t/ha/year; Mt/year 

 

Amount of 
sediment avoided 
in the volume of 
water consumed, 

t/year 

GIS-modeling with 
the InVEST 

Sediment Delivery 
Ratio model 

3.1.C 

Landslide mitigation ES NA (limited project resources and time) 

Solid waste 
remediation 

NA (limited project resources and time) 

Water 
purification  

Retention and breakdown of 
nutrients and other 
pollutants 

NA (lack of open statistical data) 

Water flow 9) Regulation of seasonal Ecosystem effect on Water GIS-modeling with 3.1.B 
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regulation river flow and baseflow 
maintenance 

total river flow, 
baseflow and quick 

flow, mm; m3 

consumption, m3 the InVEST 
Seasonal Water 

Yield model 

Flood control Coastal protection ES NA (limited project resources and time) 

10) Runoff retention by 
ecosystems under average 
and extreme rainfall  

Ecosystem runoff 
retention, m3 

NA 

GIS-modeling 
with the InVEST 
Urban Flood Risk 
Mitigation model 

3.1.D 

Storm mitigation  NA (limited project resources and time) 

Noise attenuation  NA (ES is most important for urban ecosystems) 

Pollination 
11) Crop pollination by wild 
insects 

Score-based 
assessment 

Score-based 
assessment 

Mapping, GIS-
analysis 

3.1.H 

Biological control  Pest control services NA (limited project resources and time) 

Disease control services NA (limited project resources and time) 

Nursery popula-
tion and habitat 
maintenance 

NA (Intermediate ES) 

Cultural (recreational and non-material) services 

Recreational ES 
12) Natural conditions for 
recreation 

Maximum allowable 
number of recreatio-
nists (persons/year) 

NA 
Mapping, GIS- 

analysis 
3.3 

Visual amenity  NA (limited project resources and time) 

Education, 
scientific and 
research ES 

 
NA (limited project resources and time) 

Spiritual, artistic 
and symbolic ES 

13) Importance of biodiver-
sity for Armenian culture 

Descripion 
3.4 

 

Table 1.4-3. Initial logic chains for assessed ES 

ES Ecosystem types 
Factors determining supply Factors 

determining use 
Metrics for the ES Benefits (description) 

Main users and 
beneficiaries Ecological Soci-etal 

Grazed biomass 
provisioning 

Different types of 
grasslands (alpine, 
subalpine, steppe, 

semidesert 

Vegetation zone NA 
Number of 

cattle, sheep and 
goats in marzes 

Stocking rate 
(LU/ha) 

Livestock and livestock 
products (e.g., meat, 
milk, eggs, wool) (SNA 

benefits) 

Agriculture in 
marzes 

Wild edible and 
culinary plants 

biomass provisioning 

Forests and 
different types of 

grasslands 
(alpine, 

subalpine, 
steppe, 

semidesert 

Vegetation zone 

NA 

NA 

Score-based 
assessment 

Harvested edible and 
culinary plants (non-

SNA benefit) 

NA 

Wild medicinal plants 
biomass provisioning 

Harvested medicinal 
plants (non-SNA 

benefit) 

Wild-plant nectar 
provisioning 

Honey from domestic 
bees (non-SNA benefit) 

Global climate 
regulation ς C 

storage in 
ecosystems 

All natural terrestrial 
ecosystems 

The global map of 
C content in soil 

Average C content 
in tree biomass in 

Armenia 

Tons of carbon 

Reduced 
concentrations CO2 in 

the atmosphere leading 
to less climate change 

 

NA 

Local climate 
regulation -

ecosystem  effect on 
surface temperature 

Forests and 
grasslands 

Climate zone 
The size and 

shape of 
settlements 

Cooling capacity 

Improved living 
conditions and 

economic production 
(non-SNA benefit) 

Population in 
settlements 

Preventing soil 
erosion 

Forests and different 
types of grasslands 
(alpine, subalpine, 
steppe, semidesert 

Topology; soil 
type; climate 

conditions, land 
cover class 

(grassland or trees) 

NA 
Tons of avoided 

erosion 
Soil stability (non-SNA 

benefit) 
NA 

Preventing of 
sediment transport 

to streams 

Water use in 
marzes 

Tons of avoided 
sediment transport 

Water quality 
improving 

Economy of 
marzes 

Seasonal flow 
regulation and 

baseflow 
maintenance 

Water use in 
marzes 

Total flow and 
baseflow, m3 

Water supply 
Economy of 

marzes 

Flood risk mitigation Forests and Soil type; climate NA Runoff retention, Mitigation of flood NA 
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(runoff retention) grasslands conditions, land 
cover class 

(grassland or trees) 

mm damage 

Pollination 

Forests and different 
types of grasslands 
(alpine, subalpine, 
steppe, semidesert 

Abundance and 
activity of wild 
pollinators in 

different 
vegetation zones 

The share of 
entomophilous 

crops; the 
distance from 

natural 
ecosystems 

Score-based 
assessment 

High yield of insect-
pollinated crops and 

cost savings on 
alternative pollination 

(SNA benefit) 

Economy of 
marzes 

Recreation-related 
services 

Forests and different 
types of grasslands 
(alpine, subalpine, 
steppe, semidesert 

Vegetation zone 

The area of 
recreationist 

distribution; the 
number of 

recreationists 

Number of 
recreationists 

Physical and mental 
health; enjoyment 
(non-SNA benefit) 

Tourism service  

Cultural importance 
of biodiversity 

Iconic animal and 
plant species, 

natural landscapes 
- NA 

Descriptive text 
and images  

Understanding of 
national culture 

NA 

 
To determine ES volume provided by ecosystems, we proceeded from the following understanding of baseline 

conditions τ situations in which ecosystems are absent and ES is not performed (Table 1.4-4). For most ES, it was 
assumed that in the absence of ecosystems ES would be entirely absent (no/zero ES). For water-related regulating ES, 
which are partly performed by the bare land surface without living cover, the baseline conditions were represented by a 
άōŀǊŜ ƎǊƻǳƴŘέ ǎŎŜƴŀǊƛƻΣ ǿƘŜǊŜ ŀƭƭ ƴŀǘǳǊŀƭ ŜŎƻǎȅǎǘŜƳǎ ǿŜǊe replaced with bare ground (see Section 3.1.A). 

Table 1.4-4 Baselines for assessed ES 

ES Baseline 

Grazed biomass provisioning 

No/zero biomass provisioning 

Wild edible and culinary plants biomass provisioning 

Wild medicinal plants biomass provisioning 

Wild-plant nectar provisioning 

Global climate regulation ς C storage in ecosystems 

Local climate regulation - ecosystem  effect on surface temperature 

Bare ground scenario 

Preventing soil erosion 

Preventing of sediment transport to streams 

Seasonal flow regulation and baseflow maintenance 

Flood risk mitigation (runoff retention) 

Pollination No/zero pollination 

Recreation-related services No/zero ES 

 
Changes in ES were assessed using two approaches: 
- for ES modelled in InVEST, changes were calculated as differences between ES indicator values derived from maps 

based on land cover data for 2017 and 2023;  
- for all ES, indicators were first assigned to each ecosystem type, after which changes in total ES values at the marz 

and national levels were estimated based on changes in the extent of land cover classes (Section 2.2.B) and 
ecosystems (Section 2.3.C) between 2017 and 2023. 
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2. Ecosystem extent 

2.1. Testing available land cover datasets and dataset selection for PV1 

The data for Armenia from the following five publicly available global land cover datasets were tested (Fig. 2.1-1): 1) 
Dynamic World; 2) Esri Land Cover; 3) ESA WorldCover; 4) GLC_FCS30D; 5) GLAD Global Land Cover and Land Use Change. 
The following datasets were excluded from analysis: MODIS MCD12Q1; Copernicus Global Land Cover; ESA CCI/C3S 
Global Land Cover product; Globeland30; GlobCover; World Terrestrial Ecosystems; The Global Land Cover by National 
Mapping Organizations (GLCNMO). See short dataset description in the Appendix 2.1.  

 

 
Figure 2.1-1. Tested land cover datasets. For detailed maps see Project Web GIS, section maps in the project Web GIS 

Section Land cover datasets examination (https://bccarmenia.nextgis.com/resource/69/display?panel=none) 

Esri 

GLAD 

ESA 

GLC_FCS30D Dynamic 
World 

https://biodiversity-armenia.am/index.php/seea-ea/ongoing-projects/preliminary-results-on-ea/land-cover-extent/
https://bccarmenia.nextgis.com/resource/69/display?panel=layers
https://bccarmenia.nextgis.com/resource/69/display?panel=none
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2.1.A. Area of land cover classes in the tested datasets 

To ensure dataset comparability, all tested land cover datasets and Governmental data on land cover area were 
generalized into five land cover classes: 1) trees; 2) non-woody natural areas; 3) water, wetlands, flooded vegetation; 4) 
crops; 5) built-up areas. 

The Decision of the Government of the Republic of Armenia on April 11, 2019 defined the following land cover 
classes for national accounting: Cultivated lands; Grasslands; Tree-covered areas; Shrub-covered areas; Water covered 
areas; Vegetation-free areas. The more detailed disaggregation of land cover classes by land fund categories provided 
in the Government-reported data enables the separation of vegetation-free anthropogenic areas, i.e., built-up areas 
from natural ones and makes it possible to compare Governmental data and land cover datasets. How to classify 
grasslands and cultivated lands located within settlement boundaries is a question that needs to be addressed in order 
to harmonize satellite-based land cover classifications with official land cover statistics. At this stage of the analysis, we 
kept these lands within grasslands and cultivated lands, respectively. 

Further, to ensure comparability of tested datasets and Government-reported data three land cover classes - 
Grasslands, Shrub-covered areas, and Vegetation-free natural areas - were combined into one class Non-woody natural 
areas. The data for 2022 were used for comparison, as it represents the midpoint between the dates of the tested land 
cover datasets. 

Share of land cover classes in Armenia 

GLC_FCS30D landcover data shows very strong excess of cropland area and excess of forest area. The results of the 
three land cover datasets τ Esri, ESA, and GLAD τ are similar and show a smaller cropland area and larger grassland 
area than the Government-reported data. In contrast, the DW dataset shows a larger cropland area and smaller grassland 
area than the Government data (Fig. 2.1.A-1, 2.1.A-2). Dataset GLC_FCS30D 2022 was excluded from further analysis, as 
it differed most significantly from all the other datasets and from Government-reported data. 

 
Figure 2.1.A-1. Share of land cover classes in Armenia according the five tested datasets 

 
Figure 2.1.A-2. Difference between Government-reported area of land cover classes (2022) and tested datasets 

 

Share of land cover classes across marzes 

All four remaining datasets differ significantly from the Government-reported data (Fig. 2.1.A-3). The discrepancies 
identified at the national level are largely maintained across marzes: Esri, ESA, and GLAD show larger areas of non-woody 
natural lands and smaller cropland areas compared to the Government data. In contrast, DW shows smaller non-woody 
areas and larger cropland areas than the Government data (Fig. 2.1.A-4). This shift persists across the majority of marzes 
(Fig. 2.1.A-4), suggesting that it is systemic and driven by the differences in the methodology used for satellite image 
classification. Discrepancies between tested datasets and Government data for forest cover and built-up areas are smaller 
in magnitude and do not follow the pattern observed in the relationship between cropland and non-woody natural areas. 
The most prominent shifts included for forest area a reduction in the Esri data, and increase in the DW data, as well as 
for built-up area a reduction in the ESA data and increase in the GLAD data. Differences between the land cover datasets 
and the Government data in terms of water area are minor and fairly consistent across all datasets τ each identifies a 
slightly smaller water area. A more detailed view of the area differences across the marzes is prezented in Appendix 2.1.A. 
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Dataset The share of land cover classes area in marzes 

Govern-
ment-
reported 
data 
2022 

 
Esri 
2023 

 
ESA 
2021 

 
GLAD  
2020 
 

 
Dynamic 
World  
2022 
 

 
GLC_ 
FCS30D 
2022 
 

 
 

Figure 2.1.A-3. Land cover class shares across marzes according to Government-reported data and tested datasets 

0% 20% 40% 60% 80% 100%

Aragatsotn
Ararat

Armavir 
Gegharkunik

Kotayk
Lori 

Shirak 
Syunik

Tavush 
Vayots Dzor

Trees

Non-woody natural areas

Water

Crops

Buil-up

0% 20% 40% 60% 80% 100%

Aragatsotn
Ararat

Armavir 
Gegharkunik

Kotayk
Lori 

Shirak 
Syunik

Tavush 
Vayots Dzor

Trees

Non-woody natural areas

Water, wetlands, flooded veg.

Crops

Built

0% 20% 40% 60% 80% 100%

Aragatsotn
Ararat

Armavir 
Gegharkunik

Kotayk
Lori 

Shirak 
Syunik

Tavush 
Vayots Dzor

Trees

Non-woody natural areas

Water, wetlands, flooded veg.

Crops

Built

0% 20% 40% 60% 80% 100%

Aragatsotn
Ararat

Armavir 
Gegharkunik

Kotayk
Lori 

Shirak 
Syunik

Tavush 
Vayots Dzor

Trees

Non-woody natural areas

Water, wetlands, flooded veg.

Crops

Built

0% 20% 40% 60% 80% 100%

Aragatsotn
Ararat

Armavir 
Gegharkunik

Kotayk
Lori 

Shirak 
Syunik

Tavush 
Vayots Dzor

Trees

Non-woody natural areas

Water, wetlands, flooded veg.

Crops

Built

0% 20% 40% 60% 80% 100%

Aragatsotn
Ararat

Armavir 
Gegharkunik

Kotayk
Lori 

Shirak 
Syunik

Tavush 
Vayots Dzor

Trees

Non-woody natural areas

Water, wetlands, flooded veg.

Crops

Built



IIPrototype Ecosystem Accounting of Armenia                                                 2. Ecosystem Extent. 2.1. Testing LC datasets 

 

19 
 

 
 

 
 

 
 

 
 

 
 

Figure 2.1.A-4. Land cover area difference: Government-reported areas minus areas from tested datasets. Differences 
between tested datasets and Government-reported data in marzes are shown in different colors. Provincial differences 

for each land cover class are combined into a single bar to show the total deviation from the Government-reported data. 

 
The absolute discrepancy (km2) is largest for croplands and grasslands, while in relative terms (percentage relative to 

Government-reported data), it is greatest for croplands and built-up areas (Figure 2.1.A-5). 
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Figure 2.1.A-5Φ !ōǎƻƭǳǘŜ όƪƳчύ ŀƴŘ ǊŜƭŀǘƛǾŜ ŘƛǎŎǊŜǇŀƴŎȅ ό҈ ǊŜƭŀǘƛǾŜ ǘƻ DƻǾŜǊƴƳŜƴǘ-reported data) in area of land cover 

classes 

The smaller area of built-up area in ESA data can be explained by the fact that ESA identifies trees, grasslands, and 
crops within settlements. The ESA data generally features smaller patches across all land cover classes (Fig. 2.1.A-6). 

 
Figure 2.1.A-6. The same area as represented in different land cover datasets 

The Government classification of land cover types includes, among others, shrub-covered areas. Of the four land cover 
datasets retained for analysis, two τ ESA and DW τ also include this class. However, the shrub areas identified in these 
datasets differ greatly from the Government-reported areas. According to ESA, shrub area is very small and consistently 
lower than the Government figures across all marzes. DW, on the contrary, identifies a very large shrub area τ several 
times greater than the Government data (Table 2.1.A-мΣ CƛƎΦ  н.1.A-7ύΦ ¢ƘǳǎΣ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ŀ άǎƘǊǳōǎέ Ŏƭŀǎǎ ƛƴ ǘƘŜǎŜ ǘǿƻ 
datasets does not make them more consistent with the Government data. 
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Table 2.1.A-1. Area of shrub-covered areas in Government-reported data and in two land cover datasets 

Marzes GOV 2022 ESA 2021 DW 2022 
Aragatsotn 3.925 0.000 361.594 
Ararat 24.962 0.001 387.490 
Armavir  6.341 0.001 58.548 
Gegharkunik 36.351 0.000 611.396 
Kotayk 23.135 0.000 372.450 
Lori  48.307 0.057 345.520 
Shirak  0.000 0.000 246.146 
Syunik 157.423 1.042 1147.185 
Tavush  29.433 8.913 310.120 
Vayots Dzor 11.479 0.000 843.881 

 

 
Figure 2.1.A-7. Discrepancy with Government-reported data in shrubland area. 

 
A preliminary overall indicator for assessing land cover data accuracy can be the total discrepancy between land cover 

class areas in datasets and Government data. The reliability of this indicator increases when absolute errors are summed 
across the smallest spatial units. In this case, however, data are available only at the marz level, so the indicator we used 
represents the sum of absolute area discrepancies (by modulus, regardless of sign) across marzes. Overall, all four 
datasets show a similar total ŘƛǎŎǊŜǇŀƴŎȅ ŦǊƻƳ ǘƘŜ DƻǾŜǊƴƳŜƴǘ ŘŀǘŀΣ ǊŀƴƎƛƴƎ ŦǊƻƳ мфΦп҈ ǘƻ нлΦф҈ ƻŦ !ǊƳŜƴƛŀΩǎ ǘƻǘŀƭ 
area. The smallest discrepancy is observed in the Esri dataset, and the largest in ESA (Fig. 2.1.A-8). 

 
Figure 2.1.A-8. Total relative discrepancy (% relative to total area of Armenia) between tested datasets and 

Government-reported data 

 

Share of land cover classes across landscape zones 

Comparison of land cover class areas across landscape zones according to different datasets shows that Esri, ESA, and 
GLAD are generally similar to each other (Fig. 2.1.A-9). Dynamic World (DW 2022) data show a significantly larger cropland 
area compared to the other datasets. This is especially noticeable in highland landscapes. Croplands were identified by 
nearly 10% of the area of the high-altitude and alpine zones. In some mountain ranges (Gegham Range and southwestern 
slope of the Syuniq plateau) croplands occupy about 20% (Fig. 2.1.A-10), which is inconsistent with reality. In the 
subalpine zone, croplands occupy more than 10% of total.  

Comparison of Esri, ESA, and GLAD datasets shows that in Esri, the cropland area is significantly larger in mountain-
valley semi-desert and dry steppe zones, whereas in GLAD, the cropland area in mountain-valley semi-desert zone is 
smaller than in the other two datasets (Fig. 2.1.A-9). The ESA dataset is characterized by larger area of tree cover and 
smaller built-up area, which is particularly noticeable in the semi-deserts, dry steppe, and forest shelter belt. One of the 
reasons for this is that, as mentioned above, ESA identifies trees within settlements. The presence of trees in 
submountain semidesert zone in the ESA data is entirely due to this factor ς all trees there are located inside settlements. 
Esri and GLAD datasets do not show any tree cover in this zone. 
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Dataset The share of land cover classes area in landscape zones 
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Figure 2.1.A-9. Land cover class shares across landscape zones according to tested datasets 

 
Figure 2.1.A-10. Land cover class shares in high-altitude snow-cowered and high mountain alpine zones across highland 

systems of Armenia according DW 2022 data 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

High-altitude snow-cowered
High mountain alpine

High mountain subalpine
Middle mountain meadow steppe

Middle mountain steppe
Low mountain, dry steppe

Low/middle mountain forest
Low/mid. mount. forest shelter belt

Mountain-valley semidesert
Submountain semidesert

Trees

Non-woody natural areas

Water, wetlands, etc.

Crops

Built

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

High-altitude snow-cowered
High mountain alpine

High mountain subalpine
Middle mountain meadow steppe

Middle mountain steppe
Low mountain, dry steppe

Low/middle mountain forest
Low/mid. mount. forest shelter belt

Mountain-valley semidesert
Submountain semidesert

Trees

Non-woody natural areas

Water, wetlands, etc.

Crops

Built

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

High-altitude snow-cowered

High mountain alpine

High mountain subalpine

Middle mountain meadow steppe

Middle mountain steppe

Low mountain, dry steppe

Low/middle mountain forest

Low/mid. mount. forest shelter belt

Mountain-valley semidesert

Submountain semidesert

Trees

Non-woody natural areas

Water, wetlands, etc.

Crops

Built

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

High-altitude snow-cowered
High mountain alpine

High mountain subalpine
Middle mountain meadow steppe

Middle mountain steppe
Low mountain, dry steppe

Low/middle mountain forest
Low/mid. mount. forest shelter belt

Mountain-valley semidesert
Submountain semidesert

Trees

Non-woody natural areas

Water, wetlands, etc.

Crops

Built

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%100%

Aragats mount

Gegham range

Karabakh plateau, southwestern slope

Vardenis range

Zangezur range

Other

Trees

Non-woody natural areas

Water, wetlands, etc.

Crops

Built



IIPrototype Ecosystem Accounting of Armenia                                                 2. Ecosystem Extent. 2.1. Testing LC datasets 

 

23 
 

2.1.B. Comparison of cropland area according to land cover datasets and Armstat data  

A comparison with regional Armstat statistics on areas under cultivation 10 was conducted for four land cover 
datasets ς Esri, ESA, GLAD, and Dynamic World (GLC_FCS30D was excluded from the analysis, see Section 2.1.A). For 
comparison, we also used 2022 Government-reported data11 on the area of cultivated land in Armenia.  

Agricultural area according to landcover data was compared with three Armstat indicators for the same year as the 
landcover data: 

1) Arable land, that is, an area intended for cultivation, but not necessarily used every year; 
2) Annually cultivated area, that is the sum of annually plowed area, the area of fruit and berry plantations 

(including greenhouses, hothouses and inter-row fruit-bearing plantations), and vineyards; 
3) Annually plowed area that is plantations of grains and leguminous crops, potatoes, vegetables and melons. 
According to Esri, ESA, and GLAD datasets, the cropland area in most marzes is smaller than the area of arable land 

but larger than annually cultivated area reported by Armstat. The cropland area identified by DW exceeds the arable land 
reported by Armstat in almost all marzes, except for Lori and Tavush (Figure 2.1.B-1). The cultivated area reported in 
2022 Government data exceed the arable land area in all marzes (GOV (A) in Fig.2.1.B-1). If the cultivated area within 
settlements is excluded, the difference with the Armstat data becomes smaller (GOV (B) in Fig.2.1.B-1). The cropland 
areas identified by all datasets exceed the annually cultivated area reported by Armstat, except for the GLAD data in 
Ararat and Armavir marzes. Figure 2.1.B-2 provides a more detailed breakdown by marz. 

Figure 2.1.B-1. Cropland area by marz according to different data sources. 
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Figure 2.1.B-1. Difference between agricultural area in tested LC datasets and Armstat data on arable lands, annually 

cultivated, and annually plowed areas (LC data minus Armstat data) 

 
10 https:// Armstat.am/en/?nid=651  
11 https://www.arlis.am/hy/acts/171671  
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Figure 2.1.B-2. Difference between areas of croplands in tested datasets and Armstat data on arable lands, annually 

cultivated, and annually plowed areas (dataset data minus Armstat data) across marzes 

 
The fact that in Esri, ESA, and GLAD datasets the cropland area is smaller than arable area but larger than annually 

cultivated area indicates that these datasets classify a part of arable lands which are not cultivated during the reference 
year as croplands. The area of land designated for cultivation that was left uncultivated in the given year is equal to Astat-
Cstat, where Cstat is cultivated area in Armstat data; Astat is arable area in Armstat data. Thus, the share of uncultivated 
fields that are identified in Esri, ESA, and GLAD datasets as croplands can be defined as U=(C-Cstat)/(Astat-Cstat), where 
C is cropland area in a dataset. Across the marzes, this figure varies between 0% and 100% (Fig. 2.1.B-3). In cases where 
the cropland area from land cover datasets exceeds arable land area reported by Armstat, this indicator exceeds 100%. 
This is most evident in the ESA and Esri data for the Ararat and Armavir marzes, where these datasets estimate the 
cropland area to be 20ς40% larger than the arable land area reported by Armstat, while approximately 90% of the arable 
land in these marzes is annually cultivated. The cropland area in all datasets exceeds the annually plowed area. The 
Government data exceed both annually cultivated and annually plowed area reported by Armstat. 

 
Figure 2.1.B-3. The share (%) of uncultivated arable land that is classified as cropland by the land cover datasets 
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Similar to the comparisons with Government-reported data (Section 2.1.A), a preliminary overall indicator for 
assessing land cover data accuracy can be the total discrepancy between cropland areas in datasets and Armstat data 
which is the sum of absolute area discrepancies (by modulus, regardless of sign) across marzes (Figure 2.1.B-4). Overall, 
Esri, ESA, and GLAD datasets show a similar total discrepancy from the Armstat data, DW shows a substantial 
overestimation of cropland area. 

 
Figure 2.1.B-4. Total discrepancy between cropland areas in datasets and Armstat 

 

2.1.C. Selection of land cover dataset for use in the project  

The Esri land cover dataset was selected as the basis for the project implementation. The ESA and GLAD datasets can 
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- Dynamic World dataset shows good agreement with the Government-reported data in indicator of total area 
discrepancy. However, it significantly overestimates cropland area compared to Armstat data and shows a strong excess 
of cropland area in the mountains. Therefore, it was excluded. 

- ESA, Esri and GLAD are similar in identified areas of the generalized land cover classes and are most consistent with 
Armstat data on cropland area. 

- Esri data provides the best opportunity for demonstrating the accounting of ecosystem indicator dynamics from 
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2.2. Extent of land cover classes 

2.2.A. Extent of land cover classes reported by the Government of Armenia 

The Decision of the Government of the Republic of Armenia on April 11, 2019 n 431-ƴ άhƴ ŀǇǇǊƻǾŀƭ ƻŦ ǘƘŜ ǇǊƻŎŜŘǳǊŜ 
ŦƻǊ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ƭŀƴŘ ŎƻǾŜǊ ƻŦ ǘƘŜ wŜǇǳōƭƛŎ ƻŦ !ǊƳŜƴƛŀέ ŘŜŦƛƴŜŘ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ƭŀƴŘ ŎƻǾŜǊ ŎƭŀǎǎŜǎ ŦƻǊ ƴŀǘƛƻƴŀƭ 
accounting: Cultivated lands; Grasslands; Tree-covered areas; Shrub-covered areas; Water covered areas; Vegetation-
free areas. Open-access annual data on the area of land-cover classes national and marz levels are available for 2020ς
202412. The data for Armenia are presented in Table 2.2.A-1 and Figure 2.2.A-1.  

Table 2.2.A-1. Land cover of the Republic of Armenia (2974258.8 ha area) by classes, 2020-2024 

Land cover classes As of July 1,  
2020 

As of July 1,  
2021 

As of July 1,  
2022 

As of July 1,  
2023 

As of July 1,  
2024  

Cultivated lands 538361.22 538580.09 538930.12 538919.19 539620.52 

Grasslands 1366386.896 1371066.28 1370749.11 1370618.62 1363686.44 

Tree-covered areas 400522.06 400375.84 400279.49 382109.06 382361.15 

Shrub-covered areas 34200.612 34193.77 34135.56 34124.48 34374.33 

Water covered areas 151491.8 153889.698 153890.39 172088.29 172117.81 

Vegetation-free areas 483295.83 476152.342 476274.17 476398.959 482098.73 

 
Figure 2.2.A-1. The share of land cover classes in Armenia by Government-reported data 

This data is sufficient to fill in the accounting table in the SEEA EA-recommended format only partially (Table 2.2.A-2) 
since only data on the opening and closing extent are available (rows 1 and 9). From this data, the net change in areas is 
calculated (row 8). Data on gross expansion and reduction in the areas of land cover classes, which may offset each other 
(rows 2 and 5), as well as a breakdown of change drivers into managed and unmanaged (rows 3,4 and 6,7), are not 
available. 

Table 2.2.A-2. Accounting table of land-cover class extent for 2020 and 2024, based on government-reported data 

 Cultivated 
lands Grasslands 

Tree-covered 
areas 

Shrub-
covered 
areas 

Water 
covered 
areas 

Vegetation-
free areas 

1. Opening extent in 2020 538361.22 1366386.9 400522.06 34200.612 151491.8 483295.83 

2. Additions to extent  NA 

3. Managed expansion NA 

4. Unmanaged expansion NA 

5. Reductions in extent NA 

6. Managed reductions NA 

7. Unmanaged reductions NA 

8. Net change in extent 1259.3 -2700.46 -18160.9 173.718 20626.01 -1197.1 

9. Closing extent in 2024 539620.52 1363686.44 382361.15 34374.33 172117.81 482098.73 

 
The more detailed disaggregation of land cover classes by land fund categories provided in the Government-reported 

data, enables the separation of vegetation-free anthropogenic areas, i.e., built-up areas from natural ones and makes it 
possible to compare Governmental data and land cover datasets. The result with reclassified vegetation-free areas for 
Armenia and across marzes is shown in Table 2.2.A-3 and Fig.2.2.A-2. 

 
12 Sources:  

(2021) http://www.irtek.am/DOCUMENTS/PDF/148034_havelvac.pdf;  https://faolex.fao.org/docs/pdf/arm209550.pdf 
(2022) http://www.irtek.am/views/act.aspx?aid=156501;  https://www.arlis.am/DocumentView.aspx?DocID=171671 
(2023) https://www.e-draft.am/projects/6427/about 
(2024) https://www.e-draft.am/projects/7902/about 
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How to classify grasslands and cultivated lands located within settlement boundaries is a question that needs to be 
addressed in order to harmonize satellite-based land cover classifications with official land cover statistics. At this stage 
of the analysis, we kept these lands within grasslands and cultivated lands, respectively. 

Table 2.2.A-3. Land cover class extent by marzes in 2022 by Government-reported data, ha 
 

Tree-covered 
areas 

Grasslands Shrub-covered 
areas 

Vegetation-
free areas 

Water covered 
areas 

Cultivated Buil-up 

Aragatsotn 8571.9 163313.3 392.5 20565.3 2189.9 67143.7 15095.6 

Ararat 12724.74 99272.39 2496.22 35572.84 7090.2 40224.09 11061.98 

Armavir  582.41 29283.57 634.13 17666.4 3010.438 60572.6 11345.59 

Gegharkunik 21889.88 238054.4 3635.07 39933.93 124010.7 90318.54 17289.28 

Kotayk 20810.43 102757.6 2313.48 20405.93 1661.12 45813.84 13820.73 

Lori  86365.8 200387.6 4830.7 23510.69 4751.58 48300.81 11717.3 

Shirak  4598.8 144403.9 0 13622.23 3427.13 83846.24 18128.89 

Syunik 80905.01 194761.5 15742.25 91253.96 5576.07 47958 14345 

Tavush  133659.9 82690.46 2943.31 10681.01 1094.24 31359.26 7970.77 

Vayots Dzor 28325.5 114823.3 1147.9 60825.9 923.4 20109.42 4857.7 

Yerevan 1845.1 1001.2 0 1133.29 155.61 3283.62 14909.08 

Armenia 400279.5 1370749 34135.56 335171.5 153890.4 538930.1 140541.9 

 
Figure 2.2.A-2. The share of land cover classes in Armenia and across marzes by the Government-reported data 

2.2.B. Extent of land cover classes by Esri data 

Since the Esri land cover dataset was selected for use in the project (Section 2.1.A), the subsequent extent assessment 
was conducted by Esri data based on the area of 1 pixel equal to 100 m2. The extent of different land cover classes 
according to the other datasets can be found in the Section 2.1.A. The area of Lake Sevan and the administrative area of 
Yerevan were excluded from the extent assessment. 

 

 

Figure 2.2.B-1. Esri dataset for Armenia. For detailed maps see project Web GIS https://bccarmenia.nextgis.com/), 
section "Ecosystem extent - Landcover" 
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Extent of land cover classes at the national, marz, and watershed levels 

Most of the !ǊƳŜƴƛŀΩǎ ǘŜǊǊƛǘƻǊȅ ƛǎ ŎƻǾŜǊŜŘ ōȅ ƎǊŀǎǎƭŀƴŘǎ όсу҈ according to Esri data), forests occupy 11% (13% 
according to Government data), croplands and built-up areas account for 12% and 5%, respectively. The most human-
transformed marz is Armavir, where croplands and built-up areas together make up over 60% of the territory. The least 
transformed marzes are Vayots Dzor, Tavush, and Syunik. Forests cover the largest area in Tavush (around 50%), and are 
also widespread in Lori, where they exceed 20% of the territory (Tables 2.2.B-1 and 2.2.B-2; Figures 2.2.B-2 and 2.2.B-3). 

Table 2.2.B-1. The extent of land cover classes in 2017, km2 
 

Rangeland Trees Bare ground Snow/Ice Flooded veget. Water Crops Built Area Total 

Aragatsotn 2,161.08 52.54 12.60 0.02 0.00 3.43 380.13 126.33 2,736.12 

Ararat 1,522.66 30.47 16.35 0.01 11.71 29.16 359.92 144.64 2,114.91 

Armavir  455.53 2.84 5.45 0.00 1.81 6.67 645.14 146.25 1,263.70 

Gegharkunik 3,320.37 134.93 19.08 0.04 1.40 1,274.09 315.10 182.98 5,248.00 

Kotayk 1,506.57 171.74 7.47 0.74 0.01 2.49 270.63 155.14 2,114.80 

Lori  2,558.39 869.51 4.55 0.02 0.44 2.64 189.21 138.24 3,763.00 

Shirak  1,998.79 13.08 4.31 0.00 0.07 27.21 537.55 137.61 2,718.63 

Syunik 3,571.06 634.26 33.14 0.13 0.04 17.98 170.64 66.09 4,493.35 

Tavush  1,234.28 1,304.10 1.34 0.00 0.00 4.00 91.52 91.00 2,726.24 

Vayots Dzor 2,157.65 47.10 14.01 0.02 0.01 2.76 35.26 39.74 2,296.54 

Armenia 20,549.27 3,261.03 119.68 0.97 15.47 1,371.25 3,018.23 1,372.59 29,708.49 

Table 2.2.B-2. The extent of land cover classes in 2023, km2  
 

Rangeland Trees Bare ground Snow/Ice Flooded veget. Water Crops Built Area Total 

Aragatsotn 2,096.86 48.25 3.48 6.38 0.00 3.50 438.49 139.17 2,736.12 

Ararat 1,560.01 26.20 6.94 0.04 6.74 32.42 305.46 177.10 2,114.91 

Armavir  461.83 0.55 2.05 0.00 0.15 7.10 609.26 182.76 1,263.70 

Gegharkunik 3,239.85 129.56 4.28 0.94 0.65 1,274.08 404.99 193.66 5,248.00 

Kotayk 1,508.64 153.10 1.08 1.60 0.00 2.57 265.38 182.43 2,114.80 

Lori  2,424.92 883.74 2.83 0.31 0.79 3.81 298.87 147.73 3,763.00 

Shirak  1,784.67 13.43 0.91 2.47 0.00 31.48 742.89 142.79 2,718.63 

Syunik 3,650.25 507.74 12.65 0.09 0.02 15.86 233.22 73.53 4,493.35 

Tavush  1,227.75 1,316.33 0.05 0.04 0.02 4.35 82.03 95.67 2,726.24 

Vayots Dzor 2,174.55 38.13 2.51 0.35 0.00 2.35 33.28 45.37 2,296.54 

Armenia 20,185.02 3,117.51 37.33 12.21 8.39 1,378.29 3,422.08 1,547.66 29,708.49 

 
Figure 2.2.B-2. Area of land cover classes in 2017 and 2023, km2  

 
Figure 2.2.B-3. The share of land cover classes in 2017 and 2023, % 
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Land cover class extent accounting was also carried out for the large watersheds, since one of the key purposes of 
ecosystem accounting is to assess water-regulating ecosystem services, which are modeled at the watershed level. Since 
in Armenia watershed boundaries largely coincide with marz boundaries (the Hrazdan, Metsamor, and Arpa watersheds 
each include two marzes), the pattern of land cover class area distribution and its changes from 2017 to 2023 mirrors the 
pattern identified at the marz level. 

The most human-transformed watersheds are Metsamor (marzes Aragatsotn and Armavir) and Akhuryan (marz 
Shirak), where croplands and built-up areas together make up around 30% of the territory. The least transformed 
watersheds are Aghstev (marz Tavush) and Vorotan (marz Syunik). Forests cover large areas in Aghstev watershed (marz 
Tavush) and Debed watershed (Lori marz) (Tables 2.2.B-6 and 2.2.B-7; Figures 2.2.B-5 and 2.2.B-6). 

 

Table 2.2.B-6. Area of land cover classes in watersheds in 2017, km2 
 

Trees Rangeland Bare Ground Snow/Ice Flooded vegetation Water Crops Built Area 

Aghstev 1401.27 1600.07 1.99 0.01 0.00 3.70 69.63 98.72 

Akhuryan 9.30 1999.78 4.42 0.00 0.07 27.25 599.85 144.59 

Arpa 79.92 3839.27 30.63 0.15 10.84 26.36 288.32 134.83 

Debed 843.51 2719.90 4.83 0.02 0.44 3.11 212.89 141.05 

Hrazdan 243.39 4384.18 27.42 0.65 1.68 1281.05 765.19 545.57 

Metsamor 49.32 2420.53 17.31 0.02 2.41 11.80 911.62 241.75 

Vorotan 634.26 3573.45 32.93 0.13 0.04 17.98 170.65 66.09 

Table 2.2.B-7. Area of land cover classes in watersheds in 2023, km2 
 

Trees Rangeland Bare Ground Snow/Ice Flooded vegetation Water Crops Built Area 

Aghstev 1397.07 1590.30 0.09 0.08 0.02 4.04 80.02 103.76 

Akhuryan 9.54 1801.94 0.90 2.36 0.00 31.54 789.01 149.95 

Arpa 66.30 3890.99 9.26 0.73 6.22 29.55 249.59 157.67 

Debed 865.33 2575.47 2.84 0.27 0.79 4.29 325.58 151.17 

Hrazdan 228.70 4305.51 6.24 2.17 0.67 1280.73 794.73 630.37 

Metsamor 42.74 2356.44 5.25 6.48 0.66 12.27 949.72 281.20 

Vorotan 507.74 3652.35 12.65 0.11 0.02 15.86 233.26 73.54 

 
Figure 2.2.B-5. Area of land cover classes across watersheds in 2017 and 2023, km2  

 
Figure 2.2.B-6. The share of land cover classes across watersheds in 2017 and 2023, % 
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Changes in land cover class extent 

Between 2017 and 2023, according to Esri data, the area of croplands and built-up areas in Armenia increased by 
пмт ƪƳч ŀƴŘ мтр ƪƳчΣ ǊŜǎǇŜŎǘƛǾŜƭȅΣ ǿƘƛƭŜ ǘƘŜ ŀǊŜŀ ƻŦ ŦƻǊŜǎǘǎ ŀƴŘ ƎǊŀǎǎƭŀƴŘǎ ŘŜŎǊŜŀǎŜŘ ōȅ моф ƪƳч ŀƴŘ оуо ƪƳч(Figure 
2.2.B-4; Table 2.2.B-3). The total area of natural land-cover types decreased by 578.9 kmч (1.95% ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ǘƻǘŀƭ 
area) over these years, transitioning to croplands and built-up areas. 

 

 

Figure 2.2.B-4. Changes in the area of land cover classes from 2017 to 2023 

The map of changes in land cover (Figure 2.2.B-5) shows that built-up areas expanded primarily in the Ararat Valley 
and around Yerevan (maroon color), while croplands expanded most intensively in the north-western part of the country 
(orange color in Fig 2.2.B-5). [ƻŎŀƭ ŦƻǊŜǎǘ ŜȄǇŀƴǎƛƻƴ ƻŎŎǳǊǊŜŘ ƛƴ ǎŜǾŜǊŀƭ ƭƻŎŀǘƛƻƴǎ ǿƛǘƘƛƴ !ǊƳŜƴƛŀΩǎ ŦƻǊŜǎǘ ȊƻƴŜ ƛƴ ǘƘŜ 
north-east; however, overall forest extent decreased, mainly due to transitions to grasslands in Syunik. Grasslands 
expanded in the southern part of Syunik marz, but their total extent across Armenia also decreased due to transitions to 
croplands. 

 

Figure 2.2.B-5. The land cover and its changes: a) Esri land cover data for 2023; b) The land-cover changes that occurred 
since 2017, specifically the new land-cover classes that emerged in place of previous ones, are shown. 

The land-cover class transition matrix shows how much area of each class transitioned to another class (Table 2.2.B-
3). In this matrix, the classes listed in the first column transform into the classes shown across each row. Example: In the 
tree cover row, the ŀǊŜŀ ǘƘŀǘ ǊŜƳŀƛƴŜŘ ǘǊŜŜ ŎƻǾŜǊ ƛǎ нфлфΦут ƪƳч όǘǊŜŜ ŎƻǾŜǊ transitioned to tree cover), tree cover 
transitioned to grasslands over an area of оснΦтф ƪƳчΣ to bare ground - лΦлн ƪƳчΣ ŀƴŘ ǎƻ ƻƴΦ ¢ƘŜ Ƴƻǎǘ ƛƴǘŜƴǎƛǾŜ ǘǊŀƴǎƛǘƛƻƴ 
was from grasslands to croplands (941 km2), while reverse transition is less than half of that value (444 km2). The shift 
from tree cover to grasslands is also noticeable (362 km2). Other transitions are negligible (Fig. 2.2.B-6). 

The sum of transitions to other classes corresponds to the loss of tree cover due to these conversions (last column, 
осфΦфн ƪƳчύΦ !ǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜΣ ƻǘƘŜǊ ŎƭŀǎǎŜǎ ǘǊŀƴǎƛǘƛƻƴŜŘ ƛƴǘƻ ǘǊŜŜ ŎƻǾŜǊΣ ǇǊƻŘǳŎƛƴƎ ƛǘǎ Ǝŀƛƴ ƻŦ нолΦуу ƪƳч όōƻǘǘƻƳ ǊƻǿύΦ 
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Thus, the net change in tree cover is negative and equals to мофΦлп ƪƳчΦ The data make it possible to populate rows 
άAdditions to extentέ ŀƴŘ άReductions in extentέ ƛƴ ǘƘŜ ŀŎŎƻǳƴǘƛƴƎ ǘŀōƭŜ ƻŦ ƭŀƴŘ ŎƻǾŜǊ Ŏƭŀǎǎ ŜȄǘŜƴǘ όTable 2.2.B-4), which 
are unknown if we know only the opening and closing extent. As noted in Section 1.4.A, we do not have data to distinguish 
between managed and unmanaged land cover changes. 

Table 2.2.B-3. Land cover class transition matrix from 2017 to 2023, km2 
 

Tree 
cover 

Grasslands Bare 
ground 

Snow/ 
Ice 

Water Flooded 
veg. 

Crops Built-up Total 
area in 
2017 

Reduc-
tion 

Tree cover Ҧ 2909.87 362.79 0.02 0.05 0.58 0.02 3.74 2.72 3279.79 369.92 

Grasslands Ҧ 224.03 19221.76 2.12 7.56 13.46 1.74 940.92 114.62 20526.21 1304.45 

Bare ground Ҧ 0.05 75.63 29.67 3.70 1.97 0.24 2.10 2.59 115.94 86.27 

Snow/Ice Ҧ 0.01 0.49 0.04 0.33 0.01 0.00 0.02 0.06 0.96 0.63 

Water Ҧ 0.44 8.74 2.29 0.04 101.20 0.47 7.41 1.53 122.12 20.92 

Flooded veg. Ҧ 0.05 3.34 0.05 0.00 4.48 4.78 1.81 0.87 15.37 10.59 

Crops Ҧ 3.04 444.42 0.42 0.29 6.62 1.18 2478.53 97.21 3031.70 553.17 

Built-upҦ 3.27 25.79 0.76 0.03 0.50 0.02 14.40 1335.95 1380.72 44.77 

Total area in 2023 3140.75 20142.95 35.35 12.00 128.82 8.46 3448.92 1555.56 28472.82  

Expansion 230.88 921.19 5.69 11.67 27.62 3.68 970.39 219.61 
 

2390.73 

 

Figure 2.2.B-6. Transitions between land cover classes from 2017 to 2023 
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Table 2.2.B-4. Accounting table of extents for land-cover classes in 2017 and 2023, based on Esri land cover dataset 

 Trees Grass Bare ground Snow/Ice Water Flooded veg. Crops Built-up 

1. Opening extent in 2020 3279.79 20526.21 115.94 0.96 122.12 15.37 3031.70 1380.72 

2. Additions to extent 230.88 921.19 5.69 11.67 27.62 3.68 970.39 219.61 

3. Managed expansion NA 

4. Unmanaged expansion NA 

5. Reductions in extent 369.92 1304.45 86.27 0.63 20.92 10.59 553.17 44.77 

6. Managed reductions NA 

7. Unmanaged reductions NA 

8. Net change in extent -139.04 -383.26 -80.59 11.04 6.70 -6.91 417.22 174.83 

9. Closing extent in 2024 3140.75 20142.95 35.35 12.00 128.82 8.46 3448.92 1555.56 

 
The most significant changes occurred in ShƛǊŀƪ ƳŀǊȊΣ ǿƘŜǊŜ ŎǊƻǇƭŀƴŘ ŀǊŜŀ ƛƴŎǊŜŀǎŜŘ ōȅ нлл ƪƳч ŀǘ ǘƘŜ ŜȄǇŜƴǎŜ ƻŦ 

grasslands. Similar but less extensive cropland expansion at the expense of grasslands took place in Lori, Gegharkunik, 
and Aragatsotn. In contrast, in Armavir and Ararat, cropland area decreased. In Armavir, this was due to an increase in 
built-up areas, while in Ararat, it resulted from both an expansion of built-up areas and grasslands. In Syunik marz, forest 
area noticeably declined due to an increase in grasslands and croplands (Table 2.2.B-5; Figure 2.2.B-7a). Relative changes 
in land cover areas exhibit a somewhat different picture. In 2023, the Esri land cover dataset shows an 80% loss of tree 
cover in Armavir marz compared to 2017, although this loss is barely noticeable in absolute terms due to the initially 
small woody area in that marz. The largest relative increase in cropland area was identified in Lori marz τ nearly 60% 
(Figure 2.2.B-7b). 

Table 2.2.B-5. Changes across the area of land cover classes from 2017 to 2023, km2 

 
Rangeland Trees Bare Ground Snow/Ice Flooded vegetation Water Crops Built Area 

Aragatsotn -64.22 -4.29 -9.12 6.36 0.00 0.06 58.36 12.84 

Ararat 37.35 -4.28 -9.42 0.04 -4.96 3.27 -54.46 32.46 

Armavir  6.30 -2.29 -3.41 0.00 -1.65 0.43 -35.88 36.50 

Gegharkunik -80.52 -5.37 -14.81 0.90 -0.75 -0.02 89.89 10.68 

Kotayk 2.07 -18.64 -6.39 0.86 -0.01 0.08 -5.26 27.28 

Lori  -133.47 14.22 -1.72 0.28 0.35 1.17 109.66 9.50 

Shirak  -214.12 0.34 -3.40 2.47 -0.06 4.26 205.33 5.18 

Syunik 79.18 -126.52 -20.49 -0.04 -0.02 -2.12 62.58 7.44 

Tavush  -6.54 12.23 -1.28 0.04 0.02 0.35 -9.49 4.68 

Vayots Dzor 16.90 -8.97 -11.50 0.33 -0.01 -0.41 -1.98 5.63 

Armenia -364.25 -143.52 -82.35 11.23 -7.08 7.04 403.85 175.08 

 
                                                          a                                                                                                             b 

Figure 2.2.B-7. Absolute (km2) and relative (% of 2017 area) changes in the area of the main land cover classes  
in Armenia and across marzes from 2017 to 2023 
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Figure 2.2.B-8. Total changes in the extent of natural land cover classes across marzes from 2017 to 2023 

Across watersheds, the most significant changes in land cover area occurred in Akhurian watershed (Shirak marz), 
ǿƘŜǊŜ ŎǊƻǇƭŀƴŘ ŀǊŜŀ ƛƴŎǊŜŀǎŜŘ ōȅ нлл ƪƳч ŀǘ ǘƘŜ ŜȄǇŜƴǎŜ ƻŦ ƎǊŀǎǎƭŀƴŘǎΦ {ƛƳƛƭŀǊ ōǳǘ ƭŜǎǎ ŜȄǘŜƴǎƛǾŜ ŎǊƻǇƭŀƴŘ ŜȄǇŀƴǎƛƻƴ ŀǘ 
the expense of grasslands took place in Debed watershed (Lori marz). In the Hrazdan and Metsamor watersheds, 
grassland areas decreased due to the expansion of croplands and built-up areas. Changes in the Arpa watershed are 
driven by changes in Ararat marz, where cropland area decreased due to the expansion of built-up areas and grasslands. 
In Vorotan watershed (Syunik marz), forest area noticeably declined due to an increase in grasslands and croplands (Table 
2.2.B-8; Figure 2.2.B-9a).  

Relative changes show the largest relative increase in cropland area in Debed watershed (Lori marz) and significant 
increase in cropland area in Vorotan watershed (Syunik marz) and Akhuryan watershed (Shirak marz). In the Vorotan, 
Arpa, and Metsamor watersheds, forest area decreased by 10ς20% (Figure 2.2.B-9b).  

Table 2.2.B-8. The changes in area of land cover classes from 2017 to 2023, km2  
 

Trees Rangeland Bare Ground Snow/Ice Flooded vegetation Water Crops Built Area 

Aghstev -4.20 -9.77 -1.90 0.08 0.02 0.34 10.39 5.04 

Akhuryan 0.25 -197.84 -3.52 2.36 -0.06 4.29 189.17 5.35 

Arpa -13.62 51.72 -21.36 0.58 -4.62 3.19 -38.73 22.85 

Debed 21.82 -144.43 -1.99 0.25 0.35 1.18 112.69 10.12 

Hrazdan -14.69 -78.67 -21.18 1.52 -1.01 -0.32 29.54 84.81 

Metsamor -6.59 -64.09 -12.06 6.46 -1.75 0.47 38.10 39.46 

Vorotan -126.52 78.89 -20.28 -0.02 -0.02 -2.12 62.62 7.45 

 

 
                                                        a                                                                          b 

Figure 2.2.B-9. Absolute (km2) and relative (% of 2017 area) changes in area of the main land cover classes  
across watersheds from 2017 to 2023 
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2.3. Extent of ecosystems (vegetation types)  

2.3.A. Ecosystem extent at national and marz levels 

Vegetation types most accurately reflect the characteristics of terrestrial ecosystems, because vegetation reflects all 
the main habitat conditions (climate, soil, topography) and forms the trophic basis of ecosystems and largely determines 
both their functioning and their species diversity. The assessment of the extent of ecosystem types was made based on 
a vegetation map created by the project experts Alla Aleksanyan and Vardan Asatryan (Fig. 2.3.A-1a). The map was 
created based on Barseghyan (2007) and other materials.  

The current natural area of vegetation zones is defined as the potential area of a given vegetation type minus cropland 
and built-up areas based on Esri land cover data 2023 (Fig. 23A-1b). The current distribution of forests is also derived 
from Esri land-cover data (Fig. 2.3.A-1c). At this scoping stage, all forests are treated as a single type, regardless of the 
vegetation zone in which they occur. In the future, when producing a detailed terrestrial ecosystem map, forests should 
also be classified by type. 

 
Figure 2.3.A-1. Maps of vegetation: a) potential distribution of vegetation types; b) current natural area of vegetation 

zones; c) ecosystem types, including current tree cover. For detailed map see project Web GIS 
(https://bccarmenia.nextgis.com/) , sections Ecosystem Extent/Vegetation/Vegetation map 2025 

 
According to Esri data, the most human-transformed vegetation zone is semi-desert, where only 56% of natural areas 

have remained as it is. It is followed by marshes and steppes with 70% and 76% of natural areas remaining, respectively. 
Tree cover occupies more than 40% of the forest zone and more than 20% of the broadleaf woodland zone. Significant 
forest patches are also present in subalpine meadows, meadow-steppe, and steppe zones. In the remaining zones, the 
tree cover identified by Esri occupies a very small area τ ŦǊƻƳ л ǘƻ п ƪƳчΦ In the marsh zone, water bodies occupy a 
substantial area (Lake Sevan is excluded from the analysis) (Table 2.3.A-1; Figure 2.3.A-2). 

Table 2.3.A-1. Current area of land cover classes across vegetation zones, km2 

 
Grass-
lands 

Tree 
cover 

Bare 
gr-d 

Snow/ 
Ice 

Flood. 
veg. 

Water Crops Built-up Total Share of natural 
classes, % 

Alpine  1625.72 0.63 10.21 11.70 0.03 1.93 3.32 0.80 1654.34 99.75 

Subalpine  4287.98 256.92 5.28 0.26 0.09 2.85 85.56 25.20 4664.14 97.63 

Meadow-steppe 2587.14 77.83 0.22 0.04 0.76 6.66 460.94 93.06 3226.64 82.83 

Steppe 5229.35 95.86 3.24 0.00 0.03 4.89 1317.52 403.45 7054.33 75.60 

Forest zone 2892.93 2431.91 3.91 0.00 0.60 30.37 155.70 199.61 5715.04 93.78 

Broadleaf woodl. 695.02 269.12 2.64 0.00 0.01 7.29 125.86 83.92 1183.86 82.28 

Juniper 129.59 4.20 0.00 0.00 0.16 0.08 0.87 0.12 135.02 99.27 

Semidesert 2459.00 3.44 8.62 0.00 2.90 29.21 1212.83 716.50 4432.49 56.47 

Desert 6.64 0.00 0.21 0.00 0.00 0.00 0.52 0.28 7.65 89.58 

Marsh 229.59 0.84 1.00 0.00 3.89 45.54 85.81 32.63 399.30 70.34 

Total in Armenia 20142.95 3140.75 35.35 12.00 8.46 128.82 3448.92 1555.56 28472.82 82.42 

a b c 

https://bccarmenia.nextgis.com/
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Figure 2.3.A-2. Share of land cover classes across vegetation zones, % 

Considering all tree-covered areas as forest, the most widespread natural areas are in steppe and subalpine zones 
όŜȄŎŜŜŘƛƴƎ рΣллл ƪƳч ŀƴŘ пΣллл ƪƳч ǊŜǎǇŜŎǘƛǾŜƭȅύΣ ŦƻƭƭƻǿŜŘ ōȅ ŦƻǊŜǎǘǎ ŀƴŘ ƎǊŀǎǎƭŀƴŘǎ ƛƴ ŦƻǊŜǎǘ ȊƻƴŜ ŜŀŎƘ ŎƻǾŜǊƛƴƎ 
ŀǇǇǊƻȄƛƳŀǘŜƭȅ оΣллл ƪƳчΦ The smallest zones are marshes and juniper woodlands (270 and 130ƪƳчΣ ǊŜǎǇŜŎǘƛǾŜƭȅύΣ ŀǎ ǿŜƭƭ 
ŀǎ ǘƘŜ ŜȄǘǊŜƳŜ ǎƳŀƭƭ ŘŜǎŜǊǘ ȊƻƴŜΣ ǿƘƛŎƘ Ŏƻƴǎƛǎǘǎ ƻŦ ŀ ǎƛƴƎƭŜ ǇŀǘŎƘ ŎƻǾŜǊƛƴƎ ƻƴƭȅ т ƪƳч όCƛƎǳǊŜ н.3.A-3).  

 
Figure 2.3.A-3. Area of natural ecosystem types, km2  

 
The ecosystem extent (i.e., the area not occupied by croplands or built-up areas) is the greatest in Syunik marz and 

the smallest in Armavir marz (Table 2.3.A-2; Figure 2.3.A-4). Forests and grasslands in forest zone occupy the largest areas 
in the Lori, Syunik, and Tavush marzes. Alpine and subalpine ecosystems are most extensive in Syunik and Gegharkunik 
marzes. Steppe and meadow-steppe occupy substantial areas across all marzes except Armavir and Tavush, with the 
greatest extents in Gegharkunik and Shirak. The largest areas of natural semidesert have been preserved in the marzes 
of Aragatsotn, Armavir, and Ararat. 

 
Figure 2.3.A-4. Extent of natural vegetation types across marzes in 2023 
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Table 2.3.A-2. Extent of natural ecosystems, anthropogenic land cover classes, and water (excluding Sevan Lake) by 
marzes in 2023, km2   
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Aragatsotn 3.4 443.4 140.3 204.5 107.1 502.7 517.5 42.9 48.9 0 0 746.6 0 5.3 2762.6 
Ararat 37.9 303.4 176.6 37.2 62.9 30.8 733.2 176.2 26.1 0 9.5 444.1 6.9 49.8 2094.6 
Armavir 6.7 609.6 183.2 0 0 0 0 0 0.4 0 0 448.8 0 6.9 1255.6 
Gegharkunik 28.2 407.2 192.9 389.9 1280.8 400.3 817.8 227 127.9 20.8 10.6 0 0 92.8 3996.2 
Kotayk 2.6 267.5 183.8 113.9 175.9 221.7 451.6 272.6 155.1 0 1.7 278.8 0 8.2 2133.4 
Lori 4.7 307.2 151.5 45 847.9 649.5 337.3 526.4 899.2 0 41.8 0 0 31.3 3841.8 
Shirak 30.9 758 145.5 128.3 403.9 413.5 823.9 0 13.7 0 0 17.3 0 29 2764 
Syunik 15 228.7 72 524.3 813.1 291.1 781.4 871.8 487.4 12.6 145.7 110.2 0 6.5 4359.8 
Tavush 4.4 82.1 97.7 0.3 210.9 0 6.5 534 1343.7 0 483.5 0 0 0 2763.1 
Vayots Dzor 2.3 32.9 44.9 210.7 385.1 77.7 763.3 246 37.9 96.3 4.6 364.7 0 0.8 2267.2 
Total 136.1 3440 1388.4 1654.1 4287.6 2587.3 5232.5 2896.9 3140.3 129.7 697.4 2410.5 6.9 230.6 28238.3 

 
For reporting to international systems, in particular SEEA-EA and GEA, the national ecosystem classification can be 

reclassified into IUCN GET (Table 2.3.A-3). Maps of ecosystems and data on their extent in accordance with the IUCN GET 
are presented in Section 7. 

Table 2.3.A-3. Reclassification of vegetation map and land cover classes to the IUCN GET 

Ecosystem classification accepted in EA PV1 IUCN GET 

Vegetation 
map of 

Armenia 

Alpine vegetation  T6.4 Temperate alpine grasslands and shrublands 
Subalpine meadows  T4.5 Temperate subhumid grasslands 
Meadow-steppe  T4.5 Temperate subhumid grasslands 
Steppe T5.1 Semi-desert steppes  
Grasslands within forest vegetation zone  T4.5 Temperate subhumid grasslands 
Juniper woodlands T4.4 Temperate woodlands 
Broadleaf woodlands  T4.4 Temperate woodlands 
Semidesert T5.1 Semi-desert steppes 
Desert T5.1 Semi-desert steppes 

Land cover 
data 

Trees; Tree cover T2.2 Deciduous temperate forests 
Built-up areas T7.4 Urban and industrial ecosystems 
Crops; Croplands T7.1 Annual croplands 
Water; Permanent water bodies Water  

 

2.3.B. Ecosystem rarity in Armenia  

Currently, desert, juniper, and marsh zones have the smallest natural areas (less than 1% of Armenia's area). Broadleaf 
woodlands are also rare (2%). The most widespread are steppe and subalpine meadows (18% and 14%) followed by 
forests (11%). Other types of grasslands account from 6% to 10% of Armenia's area and can be considered common (Fig. 
2.3.B-1, 2.3.B-2). 

  
Figure 2.3.B-1. Ranking of ecosystem types by rarity and the map of ecosystem rarity 
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To assess the importance of marzes for conserving ecosystem diversity in Armenia, we used the indicator of the share 
of the national area of ecosystem types that is conserved within the marzes and the sum of these values in marzes (Table 
2.3.B-1). This approach was applied to ensure that the value of rare ecosystems is not diminished. According to this 
ŎǊƛǘŜǊƛƻƴΣ ǘƘŜ ƳŀǊȊ ƻŦ !ǊŀǊŀǘ ƛǎ ǘƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ŦƻǊ ŎƻƴǎŜǊǾƛƴƎ !ǊƳŜƴƛŀΩǎ ŜŎƻǎȅǎǘŜƳ ŘƛǾŜǊǎƛǘȅΣ ŀǎ ƛǘ Ŏƻƴǘŀƛƴǎ ǘƘŜ 
ŎƻǳƴǘǊȅΩǎ ƻƴƭȅ ŘŜǎŜǊǘ ŀǊŜŀ όмлл҈ύΦ ¢ƘŜ Ƙigh value of Syunik marz is determined by the fact that it encompasses the full 
range of ecosystem types. The contribution of Gegharkunik is largely determined by the high proportion of marshes 
located within it, and the contribution of Vayots Dzor by the high proportion of juniper woodlands (Figure 2.3.B-2). 

Table 2.3.B-1. Share of the national area of ecosystem types that is conserved within the marzes, %. 
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Aragatsotn 12.36 2.50 19.43 9.89 1.48 1.56 0.00 0.00 30.97 0.00 2.30 80.49 

Ararat 2.25 1.47 1.19 14.01 6.08 0.83 0.00 1.36 18.42 100.00 21.60 167.21 

Armavir 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 18.62 0.00 2.99 21.62 

Gegharkunik 23.57 29.87 15.47 15.63 7.84 4.07 16.04 1.52 0.00 0.00 40.24 154.25 

Kotayk 6.89 4.10 8.57 8.63 9.41 4.94 0.00 0.24 11.57 0.00 3.56 57.90 

Lori 2.72 19.78 25.10 6.45 18.17 28.63 0.00 5.99 0.00 0.00 13.57 120.42 

Shirak 7.76 9.42 15.98 15.75 0.00 0.44 0.00 0.00 0.72 0.00 12.58 62.63 

Syunik 31.70 18.96 11.25 14.93 30.09 15.52 9.71 20.89 4.57 0.00 2.82 160.46 

Tavush 0.02 4.92 0.00 0.12 18.43 42.79 0.00 69.33 0.00 0.00 0.00 135.61 

Vayots Dzor 12.74 8.98 3.00 14.59 8.49 1.21 74.25 0.66 15.13 0.00 0.35 139.39 

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00  

 

Figure 2.3.B-2. The sum of the shares (%) of the national area of ecosystem types that are conserved within the marzes. 

2.3.C. Changes in ecosystem extent from 2017 to 2023  

The vegetation-type transition matrix shows how areas of vegetation zones transited into land-cover classes (e.g., 
steppe vegetation converting to croplands, built-up, bare ground, or tree cover, and vice versa). Zone-to-zone vegetation 
transitions are not recorded in PV1, because the zone boundaries did not change. Table 2.3.C-1 presents aggregated data: 
bare ground and snow/ice are added to the natural area of the corresponding vegetation zone, and the areas of water 
and flooded vegetation are combined (for full matrix see Appendix 2.3.C-1; for matrix of relative changes see Appendix 
2.3.C-2). Data on transitions from the natural areas of vegetation zones to anthropogenic territories and to tree coverτ
and backτŀƭƭƻǿ ǳǎ ǘƻ ǇƻǇǳƭŀǘŜ Ǌƻǿǎ ά!ŘŘƛǘƛƻƴǎ ǘƻ extentέ ŀƴŘ άReductions in extentέ ƛƴ ǘƘŜ ŀŎŎƻǳƴǘƛƴƎ ǘŀōƭŜ ό¢ŀōƭŜ 
2.3.C-2). 
¢ƘŜ ƭŀǊƎŜǎǘ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ŀǊŜŀǎ ŀǊŜ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ǘǊŀƴǎƛǘƛƻƴǎ ƻŦ ǾŀǊƛƻǳǎ ƎǊŀǎǎƭŀƴŘ ǘȅǇŜǎ ƛƴǘƻ ŎǊƻǇƭŀƴŘǎΥ отл ƪƳч ƻŦ 

ǎǘŜǇǇŜǎΣ нтл ƪƳч ƻŦ ƳŜŀŘƻǿ-ǎǘŜǇǇŜǎΣ мпп ƪƳч ƻŦ ǎŜƳƛŘŜǎŜǊǘǎΣ ŀƴŘ см ƪƳч ƻŦ ǎǳōŀƭǇƛƴŜ ƳŜŀŘƻǿǎ ǿŜǊŜ ŎƻƴǾŜǊǘŜŘ ƛƴǘƻ 
croplands. The total increŀǎŜ ƛƴ ŎǊƻǇƭŀƴŘ ŀǊŜŀ ŀƳƻǳƴǘŜŘ ǘƻ фтл ƪƳч (Table 2.3.C-1; Figure 2.3.C-1). The reverse processτ
conversion of croplands back into grasslandsτwas weaker and could not compensate for their loss. The exceptions are 
semideserts and woodlands, where the reverse transition from croplands exceeded new agricultural expansion. Based 
on the formal ratio of areas over the six-year period, the intensity of agricultural development in these zones has 
decreased. The opposite trend is observed in meadow-steppes and alpine meadows, where reverse transitions are 
extremely small, indicating an increase in agricultural expansion intensity (Figure 2.3.C-2). 
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Table 2.3.C-1. Aggregated vegetation type transition matrix from 2017 to 2023, km2 
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Alpine 1642.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.2 2.3 0.1 1645.9 3.0 

Subalpine  0.0 4216.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 19.6 0.5 60.9 2.9 4300.5 83.8 

Meadow-steppe 0.0 0.0 2552.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10.9 2.3 270.0 6.2 2841.5 289.4 

Steppe 0.0 0.0 0.0 5039.5 0.0 0.0 0.0 0.0 0.0 0.0 11.3 1.0 370.2 21.3 5443.2 403.8 

Grassl. in forest zone 0.0 0.0 0.0 0.0 2628.1 0.0 0.0 0.0 0.0 0.0 143.6 1.4 54.9 22.2 2850.2 222.1 

Juniper 0.0 0.0 0.0 0.0 0.0 127.5 0.0 0.0 0.0 0.0 0.9 0.0 0.2 0.2 128.8 1.2 

Broadleaf woodl 0.0 0.0 0.0 0.0 0.0 0.0 640.4 0.0 0.0 0.0 36.2 2.5 24.9 6.6 710.6 70.2 

Semi-desert 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2274.9 0.0 0.0 1.1 4.4 142.5 55.8 2478.5 203.6 

Desert 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.8 0.0 0.0 0.0 0.0 0.3 7.1 0.3 

Marsh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 212.5 0.2 5.1 17.1 1.9 236.8 24.3 

Forests 3.2 62.5 11.4 22.7 238.5 2.0 18.8 3.3 0.0 0.4 2909.9 0.6 3.7 2.7 3279.8 369.9 

Water/ flooded 0.2 0.4 1.2 0.8 1.8 0.0 0.6 4.2 0.0 5.3 0.5 110.9 9.2 2.4 137.5 26.6 

Crops 1.3 12.6 20.3 162.8 21.8 0.0 35.5 179.1 0.1 11.5 3.0 7.8 2478.5 97.2 3031.7 553.2 

Built-up 0.1 1.4 2.4 6.8 6.6 0.2 2.3 6.0 0.0 0.8 3.3 0.5 13.7 1336.6 1380.7 44.1 

Total area in 2023 1647.6 4293.5 2587.4 5232.6 2896.8 129.7 697.7 2467.6 6.9 230.6 3140.7 137.1 3448.2 1556.3 28472.8 2295.5 

Expansion 4.8 76.9 35.3 193.1 268.8 2.2 57.2 192.7 0.1 18.0 230.9 26.2 969.7 219.7 2295.5  

 

 

Figure 2.3.C-1. Transitions between vegetation zones and land cover classes. Self-transitions (categories remaining the 
same) are not shown. The total losses and gains in the diagram differ slightly from the Table 2.3. -˿1 because they were 

computed by SankeyMATIC using a different rounding approach for totals. 

Reductions Additions 
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Figure 2.3.C-2. Transitions between vegetation zones and croplands 

Table 2.3.˿-2. Accounting table of vegetation type extent for 2017 and 2023, km2 

 Alpine 
vege-
tation 

Sub-
alpine 
mea-
dows 

Mea-
dow-

step-pe 

Step-
pe 

Grassl. 
in 

forest 
zone 

Juni-
per 

Broad-
leaf 

wood-
land 

Semi-
desert 

Desert Marsh Fo-
rests 

Opening extent in 2017 1645.93 4300.46 2841.47 5443.24 2850.19 128.78 710.63 2478.53 7.06 236.81 3279.79 
Additions to extent 4.76 76.90 35.29 193.11 268.77 2.17 57.23 192.71 0.06 18.04 230.88 
Managed expansion NA 
Unmanaged expansion NA 
Reductions in extent 3.05 83.84 289.36 403.76 222.11 1.24 70.20 203.62 0.27 24.26 369.92 
Managed reductions NA 
Unmanaged reductions NA 
Net change in extent 1.71 -6.94 -254.06 -210.66 46.66 0.93 -12.97 -10.92 -0.21 -6.22 -139.04 
Closing extent in 2024 1647.64 4293.52 2587.41 5232.59 2896.85 129.71 697.67 2467.61 6.85 230.59 3140.75 

Additional row ς see dicussion below 
Closing extent in 2024 of 
ecosystems unconverted 
since 2017  

1642.88 4216.62 2552.11 5039.48 2628.08 127.54 640.43 2274.91 6.79 212.55 2909.87 

 
Considering not only the net extent changes but also the transitions between natural ecosystems and anthropogenic 

ŀǊŜŀǎ ŀƴŘ ǾƛŎŜ ǾŜǊǎŀ ƛǎ ŎǊǳŎƛŀƭ ŦƻǊ ŎƻƴǎŜǊǾƛƴƎ ōƛƻŘƛǾŜǊǎƛǘȅ ŀƴŘ ƳŀƛƴǘŀƛƴƛƴƎ ŜŎƻǎȅǎǘŜƳǎΩ Ŧǳƭƭ ŎŀǇŀŎƛǘȅ ǘƻ ǇǊƻǾƛŘŜ 9{Φ Lǘ ƛǎ 
evident that any new additions to ecosystem area resulting from transitions out of croplands or built-up areas are merely 
nominal increases in area. In our case study, over six years the areas freed from cultivation and development did not 
recover into functioning ecosystems. In reality, these are abandoned fields or wastelands that, in terms of biodiversity 
and ecosystem functioning, are far from natural ecosystems. Thus, the closing extent for ecosystems that were not 
transformed during the reporting period equals the opening extent minus the reductions during the reporting period 
(Table 2.3.C-2). To set up accounting of unchanged natural ecosystems, it is advisable to designate areas converted from 
croplands and built-ǳǇ ŀǊŜŀǎ ŀǎ άŀōŀƴŘƻƴŜŘ ŦƛŜƭŘǎ ŀƴŘ ǎƛǘŜǎέ ǿƛǘƘƛƴ ŜŀŎƘ ǾŜƎetation zone. Under such accounting, their 
re-use will not reduce the reported extent of unchanged ecosystems. 

Totally, from 2017 to 2023, the area of the most vegetation types not occupied by croplands and built-up areas 
decreased. The exceptions are grasslands in forest zone, juniper woodlands and alpine vegetation (Figure 2.3.C-3). The 
most significant reductions, both in absolute and relative terms, occurred in the meadow-steppes (254 km2, 8.9% relative 
to area in 2017). {ǘŜǇǇŜǎ ŀƴŘ ŦƻǊŜǎǘǎ ŘŜŎƭƛƴŜŘ ōȅ ǊƻǳƎƘƭȅ п҈ όнмм ƪƳч ŀƴŘ моф ƪƳчΣ ǊŜǎǇŜŎǘƛǾŜƭȅύΦ wŜŘǳŎǘƛƻƴǎ ƛƴ ƻǘƘŜǊ 
vegetation types are small in absolute termsτonly a few square kilometersΣ ŀƴŘ ŦƻǊ ŘŜǎŜǊǘ Ƨǳǎǘ лΦн ƪƳчΦ  

However, for conserving ecosystem diversity, not only absolute but also relative changes in area matter, especially 
for ecosystem types with a small total extent. Thus, the very small absolute changes in the area of marshes and desert 
correspond to relative declines of 2.6% and 3%, respectively comparable to the reductions in steppe and forest. In other 
words, for the purpose of conserving ecosystem diversity, they are no less important than the 100ςнлл ƪƳч ƭƻǎǎŜǎ 
observed for steppe and forest. 
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Figure 2.3.C-3. Net changes in area of vegetation types from 2017 to 2023 

Changes in the natural vegetation types from 2017 to 2023 are small in absolute termsτon the order of tens of square 
kilometers or less. The most noticeable absolute losses of natural vegetation occurred in the steppe and meadow-steppe 
zones, especially in the  Shirak, Gegharkunik, and Lori marzes, as well as in forests in the Syunik marz (Fig. 2.3.C-4a; Table 
2.3.C-3). However, in relative terms (the share of area lost or gained relative to 2017, %), the largest loss of tree cover is 
in Armavir marz with very small total tree cover area. Changes in the area of marshes and broadleaf woodlands also 
become noticeable, whereas they are almost imperceptible in absolute terms (Fig. 2.3.C-4b; Table 2.3.C-3). 

Table 2.3.C-3. Extent of natural vegetation types, anthropogenic land cover classes, and water (excluding Sevan Lake) by 
marzes in 2017 and in 2023 and changes in it 
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Aragatsotn 3.5 384 127.3 204.3 108.2 564.4 510.5 42.4 53.2 0 0 759.2 0 5.8 2248 

Ararat 39.8 356.1 144.3 37.2 62.6 30.8 730.7 174.7 30.4 0 9.5 425.1 7.1 46.2 1554.3 

Armavir 7.9 645.2 146.5 0 0 0 0 0 2.5 0 0 448 0 5.6 456.1 

Gegharkunik 28.9 316.6 182.4 389.3 1292.6 420.5 878 230.9 133.6 20.7 8.8 0 0 93.9 3468.3 

Kotayk 2.5 272.6 156.2 113.3 168.8 219.2 456.8 271.1 174 0 1.7 288.6 0 8.6 1702.1 

Lori 3.2 194.2 141.7 44.1 851.1 701.1 385.1 554.3 885.4 0 50.2 0 0 31.7 3503 

Shirak 27.2 547.7 140.2 127.9 427.1 512 910.9 0 13.4 0 0 17.4 0 40.2 2048.9 

Syunik 19.4 165.8 64.7 519.3 793.8 315.7 801.9 799.9 608.7 11.9 140.6 110.6 0 7.9 4110.3 

Tavush 4 91.6 93.1 0.3 205.2 0 5.9 536.6 1331.5 0 494.9 0 0 0 2574.4 

Vayots Dzor 2.8 34.9 39.3 210.7 385.2 77.7 763.4 240.2 46.8 96.2 4.7 364.6 0 0.7 2190.2 

Total 139.2 3008.7 1235.7 1646.4 4294.6 2841.4 5443.2 2850.1 3279.5 128.8 710.4 2413.5 7.1 240.6 23855.6 
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Aragatsotn 3.4 443.4 140.3 204.5 107.1 502.7 517.5 42.9 48.9 0 0 746.6 0 5.3 2175.5 

Ararat 37.9 303.4 176.6 37.2 62.9 30.8 733.2 176.2 26.1 0 9.5 444.1 6.9 49.8 1576.7 

Armavir 6.7 609.6 183.2 0 0 0 0 0 0.4 0 0 448.8 0 6.9 456.1 

Gegharkunik 28.2 407.2 192.9 389.9 1280.8 400.3 817.8 227 127.9 20.8 10.6 0 0 92.8 3367.9 

Kotayk 2.6 267.5 183.8 113.9 175.9 221.7 451.6 272.6 155.1 0 1.7 278.8 0 8.2 1679.5 

Lori 4.7 307.2 151.5 45.3 847.9 649.5 337.3 526.4 899.2 0 41.8 0 0 31.3 3378.7 

Shirak 30.9 758 145.5 128.3 403.9 413.5 823.9 0 13.7 0 0 17.3 0 29 1829.6 

Syunik 15 228.7 72 518.1 813.1 291.1 781.4 871.8 487.4 12.6 145.7 110.2 0 6.5 4037.9 

Tavush 4.4 82.1 97.7 0.3 210.9 0 6.5 534 1343.7 0 483.5 0 0 0 2578.9 

Vayots Dzor 2.3 32.9 44.9 210.7 385.1 77.7 763.3 246 37.9 96.3 4.6 364.7 0 0.8 2187.1 

Total 136.1 3440 1388.4 1648.2 4287.6 2587.3 5232.5 2896.9 3140.3 129.7 697.4 2410.5 6.9 230.6 23267.9 
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Aragatsotn 0 59.4 13 0.1 -1.1 -61.7 7.1 0.4 -4.2 0 0 -12.6 0 -0.5 -72.5 

Ararat -1.9 -52.8 32.4 -0.1 0.3 0 2.5 1.4 -4.3 0 0 19 -0.2 3.7 22.3 

Armavir -1.2 -35.6 36.7 0 0 0 0 0 -2.1 0 0 0.9 0 1.3 0.1 

Gegharkunik -0.7 90.6 10.5 0.6 -11.8 -20.2 -60.2 -3.9 -5.7 0 1.8 0 0 -1.1 -100.5 

Kotayk 0.1 -5.1 27.6 0.6 7.1 2.5 -5.3 1.5 -18.9 0 0 -9.7 0 -0.4 -22.6 

Lori 1.5 113 9.8 1.1 -3.1 -51.6 -47.8 -27.9 13.8 0 -8.4 0 0 -0.4 -124.3 

Shirak 3.7 210.3 5.2 0.4 -23.2 -98.5 -86.9 0 0.3 0 0 -0.1 0 -11.2 -219.2 

Syunik -4.4 62.8 7.3 -1.1 19.3 -24.6 -20.5 71.9 -121.3 0.7 5.1 -0.4 0 -1.4 -72.3 

Tavush 0.4 -9.4 4.6 0 5.6 0 0.6 -2.6 12.2 0 -11.4 0 0 0 4.4 

Vayots Dzor -0.4 -1.9 5.6 0 -0.1 0 -0.1 5.7 -8.9 0.2 -0.1 0 0 0 -3.3 

Total -2.9 431.3 152.7 1.7 -7 -254.1 -210.6 46.5 -139.1 0.9 -13 -2.9 -0.2 -10 -587.9 
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Ararat -4.9 -14.8 22.4 -0.2 0.5 0.1 0.3 0.8 -14.1 0 0 4.5 -3 7.9 1.4 

Armavir -14.9 -5.5 25 0 0 0 0 0 -83.5 0 0 0.2 0 23.1 0.0 

Gegharkunik -2.3 28.6 5.7 0.2 -0.9 -4.8 -6.9 -1.7 -4.2 0.1 20.5 0 0 -1.2 -2.9 

Kotayk 3.2 -1.9 17.7 0.6 4.2 1.2 -1.2 0.6 -10.9 0 0.1 -3.4 0 -4.6 -1.3 

Lori 48.3 58.2 6.9 2.5 -0.4 -7.4 -12.4 -5 1.6 0 -16.7 0 0 -1.1 -3.5 

Shirak 13.7 38.4 3.7 0.3 -5.4 -19.2 -9.5 0 2.3 0 0 -0.5 0 -27.9 -10.7 

Syunik -22.8 37.9 11.2 -1 2.4 -7.8 -2.6 9 -19.9 6.2 3.7 -0.4 0 -17.3 -1.8 

Tavush 9.3 -10.3 5 0 2.7 0 10.3 -0.5 0.9 0 -2.3 0 0 0 0.2 

Vayots Dzor -14.9 -5.5 14.2 0 0 0 0 2.4 -19 0.2 -2.1 0 0 0.6 -0.2 

 

  

 
Figure 2.3.C-4. Changes in natural areas of vegetation types by provinces from 2017 to 2023: a) absolute changes, km2; 

b) chare of lost/gained area, % relative to 2017. 

2.3.D. Reduction of the potential area of vegetation types identified on the 1961 vegetation map 

 For this analysis, the vegetation map from the 1961 Atlas of the Armenian SSR (1961), digitized by Vardan Asatryan, 
and the Esri land cover data for 2023 were used. The current distribution of vegetation types was considered as potential 
vegetation zones (Figure 2.3.D-1 a), excluding croplands and built-up areas based on Esri data for 2023 (Figure 2.3.D-1 b). 

 
Figure 2.3.D-1. Vegetation map of 1961: a) potential vegetation; b) vegetation excluding croplands and built-up areas in 
2023. For detailed maps see project Web GIS (https://bccarmenia.nextgis.com/), section Ecosystem Extent/Vegetation  
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Ranking of vegetation types by their current rarity (Figure 2.3.D-2) shows that, at present, all desert types (1ς5) as 
ǿŜƭƭ ŀǎ ǎǘŜǇǇŜ ǿƛǘƘ ŘƻƳƛƴŀƴŎŜ ƻŦ .ƻǘƘǊƛƻŎƘƭƻŀ όǘȅǇŜ тύ ŀǊŜ ǘƘŜ ǊŀǊŜǎǘΦ 9ŀŎƘ ƻŦ ǘƘŜƳ ƻŎŎǳǇƛŜǎ ƭŜǎǎ ǘƘŀƴ млл ƪƳчΦ ¢ƘŜ 
potential distribution areas of the two rarest desert types (2 and 4), each occupying ƭŜǎǎ ǘƘŀƴ мл ƪƳчΣ ƘŀǾŜ ƭŀǊƎŜƭȅ 
preserved and mostly not covered by croplands or built-up areas according to Esri data. The distribution area of steppe 
with dominance of Bothriochloa (7) also appears to be relatively well preserved.  

The most severely affected was the desert with dominance of Achillea (3), of which only 7% remains, as well as the 
desert with Salsola dendroides (5), with only 16% remaining. The distribution area of desert with dominance of 
Halocnemum (1) has also been significantly reduced, with 43% remaining. These three vegetation types have experienced 
the greatest decline among all types shown on the map. 
wŜƭŀǘƛǾŜƭȅ ǊŀǊŜ ǾŜƎŜǘŀǘƛƻƴ ǘȅǇŜǎ ƻŎŎǳǇȅƛƴƎ ōŜǘǿŜŜƴ млл ŀƴŘ нлл ƪƳч τ deciduous and juniper open woodland (12, 

13) and variants of oak forests (16, 17) τ have relatively well-preserved distribution areas, with 85ς99% remaining. 
Among the more widespread vegŜǘŀǘƛƻƴ ǘȅǇŜǎΣ ƻŎŎǳǇȅƛƴƎ ōŜǘǿŜŜƴ нлл ŀƴŘ мΣллл ƪƳчΣ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ǊŜŘǳŎǘƛƻƴ ǿŀǎ 

observed only for sedge bogs and wet meadows (type 24), which declined to 63%. The distribution areas of other types 
τ subnival vegetation, subalpine open woodlands, variants of oak and birch-oak forests, as well as shrublands τ have 
been largely unaffected by human activity, with 94ς100% of their area remaining intact. 
!ƳƻƴƎ ǘƘŜ ŎƻƳƳƻƴ ŀƴŘ ǿƛŘŜǎǇǊŜŀŘ ǾŜƎŜǘŀǘƛƻƴ ǘȅǇŜǎ ƻŎŎǳǇȅƛƴƎ ƳƻǊŜ ǘƘŀƴ мΣллл ƪƳчΣ ǎƛƎƴƛŦƛŎŀƴǘ ǊŜŘǳŎǘƛƻƴǎ ƘŀǾŜ 

occurred in semi-desert with dominance of Artemisia (type 6) with 57% remaining and the most widespread vegetation 
zone - grass and forb-grass steppes (type 8) with 75% remaining, both of which are located in areas of arable agriculture. 

Table 2.3.D-1. Potential and current areas of vegetation types and the degree of their preservation 

Vegetation zones 

Total 
potential 

distribution 
area, km2 

Area not 
occupied by 
croplands 

and built-up 
areas in 

2023, km2 

Area share not 
occupied by 

croplands and 
built-up areas 
relative to the 
total potential 

distribution 
area, % 

1. Desert with dominance of Halocnemum (sarsazan desert) 135.1 57.5 42.5 

2. Desert with dominance of Calligonum polygonoides (dzhuzgun desert) 7.4 6.6 89.6 

3. Desert with dominance of Achillea 256.0 17.6 6.9 

4. Gypsophilous desert with dominance of Gypsophila-Hammada 9.8 8.1 82.6 

5. Desert with Salsola dendroides (kargan desert) 582.7 95.3 16.4 

6. Semidesert with dominance of Artemisia  2107.2 1201.5 57.0 

7. Steppe with dominance of Bothriochloa (beardgrass steppe) 39.1 31.3 80.0 

8. Grass and forb-grass steppes with occasional tragacanth elements 8614.1 6464.9 75.1 

9. Vegetation of newly exposed soil and ground 124.5 107.8 86.6 

10. Meadow steppe 3347.4 2781.2 83.1 

11. Complex of phrygana, tragacanth shrubs, and tomillar 944.1 886.5 93.9 

12. Juniper open woodlands 209.5 198.9 94.9 

13. Deciduous open woodlands 153.5 151.6 98.8 

14. Beech-oak forest 650.5 625.7 96.2 

15. Beech forest 1934.6 1884.0 97.4 

16. Dry oak forests with Arax oak in a complex with xerophytic open woodlands 143.1 121.1 84.6 

17. Dry oak forests with eastern oak 200.9 199.1 99.1 

18. Oak and oak-hornbeam forest with Georgian jak 1252.1 1088.1 86.9 

19. Oak and oak-hornbeam forest with eastern oak 737.8 728.2 98.7 

20. Subalpine open woodlands (beech, birch, and oak) in a complex with tall-grass meadows 360.6 360.5 100.0 

21. Lower alpine meadows 4398.9 4370.6 99.4 

22. Complex of alpine meadows, carpets, and dense-turf formations with tragacanth astragals 1932.9 1919.6 99.3 

23. Vegetation of the subnival belt 246.7 245.7 99.6 

24. Sedge bogs and wet meadows 327.8 207.2 63.2 
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Figure 2.3.D-2. Potential area of vegetation types and their current state: a) potential area of each vegetation type and 
the area remaining as of 2023; vegetation types are ranked by their rarity in 2023; b) share of the area not occupied by 

croplands and built-up areas relative to the total potential distribution area, %.
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2.4. Extent of natural landscapes 

2.4.A. Extent of natural landscapes in Armenia 

To estimate extent of natural landscapes, the map of landscape zones published in the Fifth National Report of 
Armenia to the CBD (2014) was used (available in digital form in Forest Atlas of Armenia FAA), along with Esri land cover 
data for 2017 and 2023 as well as ESA 2021 data for comparison (Fig. 24A-1). 

The area of natural landscapes was calculated as the area of a given landscape zone minus waterbodies and 
anthropogenically transformed territories, that is, built-up areas and croplands.  

 

Figure 2.4.A-1. The maps used for estimation of the extent of natural landscapes. For detailed maps see project Web GIS 
(https://bccarmenia.nextgis.com/), section "Ecosystem extent" 

https://biodiversity-armenia.am/index.php/extent-of-landscapes/
https://biodiversity-armenia.am/index.php/extent-of-landscapes/
https://forestatlas.am/
https://bccarmenia.nextgis.com/
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According to Esri data, the most human-transformed zone is mountain-valley semi-desert, where only 27% of natural 
landscapes remain. It is followed by low mountain dry steppe and the middle mountain steppe zones, with 65% and 71% 
of natural landscapes remaining, respectively. High-mountain snow-covered, alpine, and subalpine zones have been 
almost unaffected by human activity. Forests are most widespread in zones of low-middle mountain forest (38%) and 
low-middle mountain forest shelter belt (17%). There are almost no forests in the half of landscape zones - high-altitude 
snow-cowered, alpine, dry steppe, and semi-deserts (Figures 2.4.A-2 and 2.4.A-3; Table 2.4.A-1). 

ESA data show a generally similar picture, but with smaller built-up area and larger area of tree cover and bare ground, 
which is particularly noticeable in the semi-deserts, dry steppe, and forest shelter belt (Figure 2.4.A-2 and 2.4.A-3; Table 
2.4.A-2). One of the reasons for this is that, as mentioned above, ESA identifies trees within settlements. The presence 
of trees in submountain semidesert zone in the ESA data is entirely due to this factor ς all trees there are located inside 
settlements (see Section 2.1.A). In the semi-desert zone, some areas classified by Esri as croplands were identified by ESA 
as bare ground and grasslands. As a result, the degree of transformation of this zone is considerably lower in ESA data 
than in Esri data. 

 
Figure 2.4.A-2. Share of land cover classes within landscape zones according Esri 2023 and ESA 2021 data 
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Figure 2.4.A-3. Share of area of natural land cover classes within landscape zones (%) according Esri and ESA data 

 

Table 2.4.A-1. Area of land cover classes within landscape zones according to Esri 2023 data, km2 

 Trees Rangeland 
Bare 

Ground 
Snow/ 

Ice 

Water/ 
Flooded 

veg. 
Crops 

Built 
Area 

Total 

High-altitude snow-cowered 0.06 183.27 3.83 7.09 0.32 1.01 0.00 195.58 

High mountain alpine 9.90 1948.68 5.67 4.45 1.83 3.72 1.38 1975.62 

High mountain subalpine 125.93 4222.75 3.73 0.00 2.73 49.13 10.25 4414.52 

Middle mountain meadow steppe  294.31 4057.45 4.27 0.00 27.14 460.92 78.35 4922.44 

Middle mountain steppe  108.88 4723.60 2.97 0.00 20.69 1454.46 484.65 6795.24 

Low mountain, dry steppe  3.21 1461.86 3.35 0.00 5.61 454.76 329.90 2258.69 

Low-middle mountain forest  2361.03 2261.51 2.81 0.00 50.26 133.77 180.49 4989.87 

Low-middle mount. forest sh. belt 195.79 796.09 3.87 0.00 6.34 95.20 84.08 1181.37 

Mountain-valley semidesert 0.52 411.32 5.75 0.00 144.50 766.06 376.07 1704.21 

Submountain semidesert 0.00 14.93 0.03 0.00 0.20 0.19 1.97 17.33 

Sevan 0 0 0 0 1227 0 0 1227.00 

 

Table 2.4.A-2. Area of land cover classes within landscape zones according to ESA 2021 data, km2 

 Tree 
cover 

Grass-
land 

Shrub
-land 

Moss/ 
lichen 

Bare/ 
sparse 
veg. 

Snow/ 
ice 

Water/ 
floode

d 

Crop-
land 

Built-
up 

Total 

High-altitude snow-cowered 0.01 189.85 0.00 8.91 34.14 0.44 1.37 0.00 0.00 234.72 

High mountain alpine 22.95 1814.63 0.00 25.59 106.82 0.11 2.24 5.78 0.11 1978.24 

High mountain subalpine 189.42 4066.87 0.00 6.11 45.19 0.01 1.87 78.13 3.13 4390.74 

Middle mountain meadow steppe 391.79 4088.71 0.00 0.92 21.20 0.00 28.58 404.81 22.02 4958.03 

Middle mountain steppe 283.17 4578.27 0.18 0.00 69.91 0.00 23.36 1688.78 191.46 6835.12 

Low mountain, dry steppe 90.96 1549.08 0.00 0.00 165.79 0.00 5.12 289.93 167.83 2268.72 

Low-middle mountain forest 2751.63 2034.38 2.97 0.00 10.54 0.00 3.74 122.38 62.19 4987.84 

Low-middle mount. forest sh. belt 327.59 695.87 6.82 0.00 14.03 0.00 5.26 103.17 31.54 1184.29 

Mountain-valley semidesert 36.26 458.47 0.00 0.00 160.83 0.00 39.78 706.90 206.75 1608.98 

Submountain semidesert 1.78 13.08 0.00 0.00 1.09 0.00 0.16 0.03 0.94 17.08 

Sevan 0.00 0.00 0.00 0.00 0.00 0.00 1279.24 0.00 0.00 1279.24 
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The extent of natural areas within landscape zones differs significantly from the total extent of those zones (Figure 
2.4.A-4). When comparing the total area of the landscape zones, middle mountain steppes far exceed all other landscape 
zones. However, if anthropogenic areas are excluded, four types of natural landscapes have similar extents, each covering 
15ςмс҈ ƻŦ !ǊƳŜƴƛŀΩǎ territory ς middle mountain steppe and meadow steppe, subalpine and forest zones. Mountain-
valley semi-desert zone is shrinking the most ς from 5.4% to 1.4-2.3% ς as it has been transformed by human activity to 
the greatest extent. Differences in the estimated extent of natural landscapes between Esri and ESA are greatest for the 
zones most heavily transformed by human activity, as ESA identifies smaller areas of croplands and built-up land (see 
above). 

   

Figure 2.4.A-4. The share of landscape zones and natural landscapes in Armenia's total area, % 

2.4.B. Changes in extent of natural landscapes from 2017 to 2023 based on Esri data 

The extent of most natural landscapes decreased from 2017 to 2023 due to the expansion of human-occupied areas 
(croplands and built-up zones), as described in the Section 2.2.B. A noticeable increase in natural areas was observed 
only in mountain-valley semi-desert in Armavir and Ararat marzes (see Section 2.4.C below).  

 

Figure 2.4.B-1. Absolute and relative changes in natural landscape extent 

2.4.C. Natural landscape extent at marz level 

In terms of the extent of natural landscapes in marzes, Esri and ESA provide a very similar picture. The main part of 
the forest landscape zone is located in three marzes τ Lori, Tavush, and Syunik. The largest areas of alpine and subalpine 
landscapes are found in Syunik and Gegharkunik, although these landscapes are also notably present in all other marzes 
except Armavir and Tavush. Steppe landscapes are present in all marzes, but in Tavush and Armavir, where their area is 
small. The remaining natural areas of mountain-valley semi-desert are mainly located in the Ararat and Armavir marzes. 
Submountain semi-desert is represented by small patches only in the south of Syunik marz (Figure 2.4. -˿1; Tables 2.4. -˿
1, 2.4. -˿2). 
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Figure 2.4. -˿1. Area and share of natural landscapes in marzes. 

Table 2.4. -˿1. Area of natural landscapes, based on Esri 2023 land cover data, km2 

Landscape zone 
Aragat
sotn 

Ararat 
Arma-

vir 
Geghar
kunik 

Kotayk Lori Shirak Syunik Tavush 
Vayots 
Dzor 

High-altitude snow-cowered 39.1 5.9 0.0 40.2 26.2 0.0 7.5 54.5 0.0 20.9 

High mountain alpine 146.4 62.6 0.0 380.5 114.8 134.5 152.9 688.8 10.2 278.0 

High mountain subalpine 383.5 245.1 0.0 892.1 290.0 407.7 479.4 1021.6 134.1 499.5 

Middle mount. meadow steppe 351.3 199.8 0.0 768.9 288.0 735.7 648.7 664.7 294.6 404.3 

Middle mountain steppe 611.2 631.7 0.0 943.5 553.7 481.4 482.9 494.4 0.0 636.7 

Low mountain, dry steppe 527.8 214.3 272.5 0.0 160.4 0.0 19.0 0.0 0.0 224.1 

Low-middle mountain forest 50.1 55.7 0.0 284.5 231.3 1448.1 0.0 854.0 1595.4 106.3 

Low-mid. mount. forest shelter belt 0.0 33.7 0.0 53.3 0.0 81.3 0.0 338.2 489.3 0.0 

Mountain-valley semidesert 45.1 139.6 189.3 0.0 0.0 0.0 0.0 0.0 0.0 37.0 

Submountain semidesert 0.0 0.0 0.0 0.0 0.0 0.0 0.0 15.0 0.0 0.0 

Table 2.4. -˿2. Area of natural landscapes, based on ESA 2021 land cover data, km2 

Landscape zone 
Aragats 

otn 
Ararat 

Arma-
vir 

Geghar 
kunik 

Kotayk Lori Shirak Syunik Tavush 
Vayots 
Dzor 

High-altitude snow-cowered 25.6 13.7 0.0 24.8 19.2 0.0 5.1 81.2 0.0 29.6 

High mountain alpine 128.2 72.6 0.0 331.2 119.1 63.1 212.4 639.3 16.7 282.8 

High mountain subalpine 393.5 271.4 0.0 842.9 287.5 361.7 561.3 919.2 127.2 489.4 

Middle mount. meadow steppe 378.0 195.1 0.0 778.4 279.1 699.1 811.6 601.3 274.1 376.5 

Middle mountain steppe 478.6 591.4 0.0 915.3 506.6 562.9 457.4 411.9 0.2 604.4 

Low mountain, dry steppe 555.8 184.8 232.9 0.0 195.7 0.0 11.2 0.0 0.0 213.2 

Low-middle mountain forest 59.0 54.8 0.0 286.9 222.7 1502.0 0.0 836.1 1567.9 102.7 

Low-mid. mount. forest sh. belt 0.0 28.6 0.0 63.3 0.0 77.6 0.0 309.6 479.1 0.0 

Mountain-valley semidesert 11.6 147.5 186.3 0.0 0.0 0.0 0.0 0.0 0.0 36.1 

Sub-mountain semidesert 0.0 0.0 0.0 0.0 0.0 0.0 0.0 14.4 0.0 0.0 
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According to the Esri land-cover data, the natural area of steppe and meadow-steppe landscapes decreased in all 
marzes except Vayots Dzor, Tavush, and Ararat (these landscape zones are absent in Armavir); subalpine landscape 
decreased in Shirak mars; low-mountain dry steppe ς in Aragatsotn and Armavir marzes (Figure 2.4.C-2; Table 2.4.C-3). 
The only noticeable increases in the natural (non-cropland, non-built-up) area of landscape zones are the increase in 
mountain-valley semidesert area in the Ararat and Armavir marzes and in areas of low mountain, dry steppe in Ararat, 
driven by a reduction in cropland in these marzes (see Section 2.2.B). 

Table 2.4. -˿3. Changes in the areas of natural landscapes from 2017 to 2023, % relative to 2017 
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 Changes, km2 

High-altitude snow-cowered 0.01 0.02 0.00 0.00 0.73 0.00 0.00 -0.02 0.00 0.00 0.75 

High mountain alpine -1.34 -0.06 0.00 0.12 -0.03 0.00 -0.01 0.39 0.00 -0.10 -1.03 

High mountain subalpine -1.25 -0.27 0.00 4.27 -0.88 -0.61 -20.75 -4.58 -0.01 -0.13 -24.20 

Middle mountain meadow steppe -50.33 0.25 0.00 -14.64 0.38 -21.47 -131.42 -25.29 -0.10 -0.24 -242.86 

Middle mountain steppe 3.15 0.60 0.00 -79.17 -24.57 -85.90 -61.12 -33.06 0.00 -0.45 -280.52 

Low and middle mountain forest -2.17 0.01 0.00 -7.23 5.60 -10.54 0.00 -7.54 -0.74 -0.41 -23.03 

Low-mid. mount. forest shelter belt 0.00 -0.09 0.00 -3.13 0.00 -2.25 0.00 1.33 4.63 0.00 0.48 

Low mountain, dry steppe -18.98 9.98 -19.59 0.00 -3.44 0.00 -0.66 0.00 0.00 -1.19 -33.88 

Mountain-valley semidesert -0.36 13.03 20.23 0.00 0.00 0.00 0.00 0.00 0.00 -0.76 32.14 

Submountain semidesert 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.37 0.00 0.00 -0.37  
Share of changed area, relative to 2017, % 

High-altitude snow-cowered 0.03 0.39 0.00 0.00 2.88 0.00 0.00 -0.03 0.00 0.00 
 

High mountain alpine -0.91 -0.09 0.00 0.03 -0.02 0.00 0.00 0.06 0.00 -0.04 
 

High mountain subalpine -0.32 -0.11 0.00 0.48 -0.30 -0.15 -4.15 -0.45 -0.01 -0.03 
 

Middle mountain meadow steppe -12.53 0.12 0.00 -1.87 0.13 -2.84 -16.85 -3.67 -0.04 -0.06 
 

Middle mountain steppe 0.52 0.10 0.00 -7.74 -4.25 -15.14 -11.24 -6.27 0.00 -0.07 
 

Low and middle mountain forest -4.16 0.01 0.00 -2.48 2.48 -0.72 0.00 -0.88 -0.05 -0.38 
 

Low-mid. mount. forest shelter belt 0.00 -0.28 0.00 -5.55 0.00 -2.70 0.00 0.39 0.95 0.00 
 

Low mountain, dry steppe -3.47 4.89 -6.71 0.00 -2.10 0.00 -3.36 0.00 0.00 -0.53 
 

Mountain-valley semidesert -0.80 10.29 11.97 0.00 0.00 0.00 0.00 0.00 0.00 -2.01 
 

Submountain semidesert 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -2.43 0.00 0.00 
 

 

 

 

Figure 2.4. -˿2. Changes in natural landscape extent from 2017 to 2023, based on Esri data: a) absolute changes, km2; b) 
share of changed area relative to 2017, % 

-300 -200 -100 0 100

Aragatsotn

Ararat

Armavir

Gegharkunik

Kotayk

Lori

Shirak

Syunik

Tavush

Vayots Dzor

Changes, km2
-40 -20 0 20

Changes relative to 2017, %

High-altitude snow-cowered High mountain alpine
High mountain subalpine Middle mountain meadow steppe
Middle mountain steppe Low and middle mountain forest
Low and middle mountain forest shelter belt Low mountain, dry steppe
Mountain-valley semidesert Submountain semidesert



IIPrototype Ecosystem Accounting of Armenia                                                 2. Ecosystem Extent. 2.4. Extent of landscapes 

 

50 
 

2.4.D. Assessment of marz importance for conservation of natural landscape diversity in Armenia 

To assess the importance of marzes for conserving natural landscapes in Armenia, we used the indicator of the total 
share of landscape areas located within each marz relative to the total area of that landscape in Armenia. This approach 
was applied to ensure that the value of rare landscapes is not diminished.  

The rankings based on Esri and ESA data are very similar, differing only in the positions of some marzes with similar 
indicators in the middle of the list. According to the criterion we used, Syunik marz has the greatest value for conserving 
!ǊƳŜƴƛŀΩǎ ƭŀƴŘǎŎŀǇŜ ŘƛǾŜǊǎƛǘȅΣ ōŜŎŀǳǎŜ ƛǘ Ŏƻƴǘŀƛƴǎ ǘƘŜ ƘƛƎƘŜǎǘ ŎǳƳǳƭŀǘƛǾŜ ǎƘŀǊŜ ƻŦ ǘƘŜ ƴŀǘƛƻƴŀƭ ŜȄǘŜƴǘ ƻŦ ŀƭƭ ƭŀƴŘǎŎŀǇŜ 
zones. The high summed Syunik value is largely due to the fact that 100% of submountain semidesert zone occurs in 
Syunik. However, even without it, Syunik still ranks above the other marzes. The least valuable are Shirak, Kotayk, and 
Armavir marzes (Fig. 2.4.D-1; Tables 2.4.D-1 and 2.4.D-2). 

 

Figure 2.4.D-1. The rankings of marz importance for conservation of natural landscape diversity in Armenia. The total 
percentage for provinces can exceed 100%. 

 

Table 2.4.D-1. The share of different landscapes in their total area in Armenia according to Esri data, %. The total 
percentage for provinces can exceed 100%. 

 Syunik 
Geghar-

kunik 
Aragats-

otn 
Tavush 

Vayots 
Dzor 

Lori Ararat 
Arma-

vir 
Kotayk Shirak 

 2023 
High-altitude snow-cowered 28.05 20.71 20.11 0 10.74 0 3.03 0 13.5 3.85 
High mountain alpine 34.99 19.33 7.44 0.52 14.12 6.83 3.18 0 5.83 7.77 
High mountain subalpine 23.47 20.49 8.81 3.08 11.47 9.37 5.63 0 6.66 11.01 
Middle mountain meadow steppe 15.26 17.65 8.07 6.76 9.28 16.89 4.59 0 6.61 14.89 
Middle mountain steppe 10.22 19.51 12.64 0 13.17 9.96 13.06 0 11.45 9.99 
Low mountain, dry steppe 0 0 35.94 0 15.26 0 14.59 18.56 10.93 1.3 
Low and middle mountain forest 18.46 6.15 1.08 34.49 2.3 31.31 1.2 0 5 0 
Low-mid. mountain forest shelter belt 33.97 5.35 0 49.13 0 8.16 3.39 0 0 0 
Mountain-valley semidesert 0 0 10.81 0 8.87 0 33.44 45.33 0 0 
Sub-mountain semidesert 100 0 0 0 0 0 0 0 0 0 
Total share 264.42 109.2 104.9 93.99 85.21 82.51 82.11 63.89 59.98 48.8 
 2017 
High-altitude snow-cowered 28.2 20.8 20.2 0.0 10.8 0.0 3.0 0.0 13.2 3.9 
High mountain alpine 35.0 19.3 7.5 0.5 14.1 6.8 3.2 0.0 5.8 7.8 
High mountain subalpine 23.4 20.3 8.8 3.1 11.4 9.3 5.6 0.0 6.6 11.4 
Middle mountain meadow steppe 15.0 17.0 8.7 6.4 8.8 16.5 4.3 0.0 6.3 17.0 
Middle mountain steppe 10.3 20.0 11.9 0.0 12.5 11.1 12.3 0.0 11.3 10.6 
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Low mountain, dry steppe 0.0 0.0 36.2 0.0 14.9 0.0 13.5 19.4 10.9 1.3 
Low and middle mountain forest 18.5 6.3 1.1 34.3 2.3 31.4 1.2 0.0 4.9 0.0 
Low-mid. mountain forest shelter belt 33.8 5.7 0.0 48.7 0.0 8.4 3.4 0.0 0.0 0.0 
Mountain-valley semidesert 0.0 0.0 11.7 0.0 9.8 0.0 32.7 43.6 0.0 0.0 
Sub-mountain semidesert 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Total share 264.3 109.4 106.2 93.0 84.6 83.5 79.3 63.0 58.9 52.0 

Table 2.4.D-2. The share of different landscapes in their total area in Armenia according to ESA 2021 data, %. The total 
percentage for provinces can exceed 100%. 

 Syunik 
Geghar-
kunik 

Tavush 
Aragats-

otn 
Ararat 

Vayots 
Dzor 

Lori Armavir Kotayk Shirak 

High-altitude snow-cowered 40.78 12.45 0 12.85 6.88 14.86 0 0 9.63 2.57 

High mountain alpine 34.27 17.76 0.9 6.87 3.89 15.16 3.38 0 6.38 11.39 

High mountain subalpine 21.61 19.81 2.99 9.25 6.38 11.5 8.5 0 6.76 13.19 

Middle mountain meadow steppe 13.69 17.72 6.24 8.61 4.44 8.57 15.91 0 6.35 18.47 

Middle mountain steppe 9.1 20.21 0 10.57 13.06 13.35 12.43 0 11.19 10.1 

Low mountain, dry steppe 0 0 0 39.88 13.26 15.3 0 16.71 14.04 0.81 

Low and middle mountain forest 18.05 6.19 33.85 1.27 1.18 2.22 32.43 0 4.81 0 

Low-middle mountain forest shelter belt 32.32 6.6 50 0 2.99 0 8.1 0 0 0 

Mountain-valley semidesert 0 0 0 3.04 38.68 9.45 0 48.84 0 0 

Submountain semidesert 100 0 0 0 0 0 0 0 0 0 

Total share 269.81 100.74 93.97 92.33 90.76 90.4 80.75 65.55 59.16 56.53 

 

From 2017 to 2023, summed value indicators changed by no more than 3% across marzes (Figure 2.4.D-2). The value 
for Shirak marz declined from 52.0% to 48.8%, primarily due to a decrease in the share of the national meadow-steppe 
extent conserved there. For Ararat marz, this indicator rose from 79.3% to 82.1% owing to increases in the shares of the 
forest, steppe, and semidesert zones. For the other marzes, changes in the aggregate indicator were smaller. 

 
Figure 2.4.D-2. Changes in marz importance for conservation of natural landscape diversity in Armenia from 2017 to 

2023. 
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2.5. Ecosystem extent estimated by landscape-land cover classes (LLCCs)  

Publication: Bukvareva E., Grigoryan A., Dubinin M., Kazakov E. Integrating actual land cover data and landscape zone 
map to assess terrestrial ecosystems in Armenia. Explora: Environment and Resource 4996. 
https://doi.org/10.36922/eer.4996 

 
The assessment presented in this section uses the same data sources as Section 2.4: the map of landscape zones of 

Armenia; Esri land cover data for 2017 and 2023; and ESA 2021 data. 
We intersected ten landscape zones with terrestrial land cover classes. The raster landscape map produced for 

accounting the extent of natural landscapes (Section 3) was spatially intersected with the land cover raster maps through 
two steps: (i) the pixel values of the land cover map were multiplied by 100, and (ii) these adjusted values were added to 
the corresponding pixel values of the landscape map, resulting in a unified raster. For example, a final pixel value of 204 
indicates that the pixel has a land cover value of two (e.g., trees) and a landscape value of four (e.g., low and middle 
mountain forest). 

The Esri land cover dataset includes four terrestrial natural classes (trees, rangelands, bare ground, and snow/ ice).The 
ESA dataset includes six terrestrial natural classes (tree cover, shrubland, grassland, moss and lichen, bare and sparse 
vegetation, and snow and ice). The intersection of ten landscape zones with land cover classes resulted in 60 and 40 
combinations, respectively. We termed these combinations as LLCCs since they serve as proxies for ecosystems at this 
stage of analysis without precisely defining the ecosystems they represent. For simplicity of analysis, LLCCs were grouped 
into 20 combinations, woody (W) and non-woody (N-W) LLCCs in each landscape zone. We found it appropriate to 
combine all N-W natural classes (shrubland, grassland, moss and lichen, bare and sparse vegetation, and snow and ice) 
into one category named N-W LLCCs for several reasons: (i) to reduce the number of analyzed LLCCs for a clearer 
interpretation of the results, (ii) due to relative imprecision in distinguishing between different non-tree land cover 
classes, (iii) because of the very small area covered by shrubland, moss and lichen, and snow and ice, and (iv) because 
the IUCN and EUNIS ecosystem and habitat classifications, 20, 22, 26 including the EUNIS version adapted for Armenia, 
34 group shrub vegetation with heathlands and tundra rather than woody vegetation. Thus, the resulting map includes 
20 LLCCs obtained by intersecting woody and non-woody areas with 10 landscape zones. 

We used LLCCs as a proxy for ecosystems to assess ecosystem rarity and diversity. We estimated the rarity of LLCCs 
based on their area ς LLCCs with the smallest area were considered rare. To assess the importance of provinces for 
conserving LLCC diversity in Armenia, we calculated the total share of each LLCC area located within each province. Unlike 
the rarity ranking, which used the share of an LLCC area relative to its total area in Armenia, this method focused on the 
proportion of an LLCC area within a province compared to its total area in Armenia. This approach was applied to ensure 
that the value of rare LLCCs is not diminished. 

2.5.A. Extent and rarity of LLCC in Armenia 

In all landscape zones, non-woody LLCC combinations occupy the predominant area. The only exception is the low 
and middle mountain forest zone, where woody combinations account for 51% of the natural area (Fig. 2.5.A-1). 

 

Figure 2.5.A-1. Extent of non-woody LLCC combinations (shown in different colors) and woody combinations (shown in 
black) across landscape zones in Armenia 

The area of the 20 analyzed W LLCCs and N-W LLCCs range from 0.005 km2 to 4,700 km2. Half of these LLCCs occupy 
ғм҈ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ŀǊŜŀ ŀƴŘ Ŏŀƴ ǘƘǳǎ ōŜ ŦƻǊƳŀƭƭȅ ŎƭŀǎǎƛŦƛŜŘ ŀǎ ǊŀǊŜ όCƛƎǳǊŜ 2.5.A-2). This group includes nearly all woody 
LLCCs, except those in the low and middle mountain forest, forest shelter belt, and middle mountain meadow steppe. 
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Among N-W LLCCs, only two, located in the sub-mountain semi-desert and high-altitude zones, were classified as rare. 
Three LLCCs, N-W ecosystems in subalpine, middle-mountain, and meadow steppe zones, are widespread, each covering 
between 14% and 16% of thŜ ŎƻǳƴǘǊȅΩǎ ǘŜǊǊƛǘƻǊȅΦ ¢ƘŜ ǊŜƳŀƛƴƛƴƎ [[//ǎ Ŧŀƭƭ ōŜǘǿŜŜƴ ǘƘŜǎŜ ŜȄǘǊŜƳŜǎΦ bƻǘŀōƭȅΣ Ƴƻǎǘ ƻŦ ǘƘŜ 
rare LLCCs do not align with the dominant vegetation types of their respective landscape (e.g., trees in high-altitude zones 
or semi-deserts). These anomalies require careful verification, as they may result from land cover interpretation errors 
or may belong to anthropogenic areas. Despite the differences in ESA and Esri land cover data, the rarity rankings of LLCCs 
derived from both sources are very similar. 

 

 

Figure 2.5.A-2. Ranking LLCC types by their area; woody LLCCs are indicated as W, non-woody as N-W; LLCCs occupying 
no more than 5% of the area of corresponding landscape ȊƻƴŜ ŀǊŜ ƳŀǊƪŜŘ ǿƛǘƘ ŀ ϥ ϥ ǎȅƳōƻƭ 

Maps of LLCC rarity, based on these rankings, show a similar distribution pattern (Figure 2.5.A-3). The rarest LLCCs, 
ŎƻǾŜǊƛƴƎ ғм҈ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ŀǊŜŀΣ ŀǊŜ ŘƛǎǘǊƛōǳǘŜŘ ƛƴ ǎƳŀƭƭ ŀǊŜŀǎ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ŎƻǳƴǘǊȅΣ ŜǎǇŜŎƛŀƭƭȅ ƛƴ ǘƘŜ ǎƻǳǘƘΣ ƴƻǘŀōƭȅ 
in the province of Syunik. Relatively rare LLCCs, occupying 1 ς р҈ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ŀǊŜŀΣ ŀǊŜ ǇǊƛƳŀǊƛƭȅ ŦƻǳƴŘ ƛn the Ararat 
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Valley and its surroundings. These include mountain-valley semi-desert and low-mountain dry steppe LLCCs. Although 
these LLCCs formally cover a large area, natural vegetation occupies only a small area due to significant anthropogenic 
transformation. The most widespread LLCCs are located in the central part of the country.  

 

 

Figure 2.5.A-3. Maps of LLCC rarity based on ESA and Esri land cover datasets 

2.5.B. Marz level: LLCC extent and marz importance for conservation of LLCC diversity in Armenia 

¢Ƙƛǎ ǎŜŎǘƛƻƴ ƛǎ ǇǊƛƳŀǊƛƭȅ ŀƛƳŜŘ ŀǘ ŀƴŀƭȅȊƛƴƎ ǘƘŜ ǊƻƭŜ ƻŦ ǘƘŜ ƳŀǊȊŜǎ ƛƴ ŎƻƴǎŜǊǾƛƴƎ !ǊƳŜƴƛŀΩǎ ŜŎƻǎȅǎǘŜƳ ŘƛǾŜǊǎƛǘȅΦ 
¢ƘŜǊŜŦƻǊŜΣ ƛƴǎǘŜŀŘ ƻŦ ǳǎƛƴƎ ŀōǎƻƭǳǘŜ ŜȄǘŜƴǘ ǾŀƭǳŜǎ ƛƴ ƪƳчΣ ǿŜ ǳǎŜ ǘƘŜ ƛƴŘƛŎŀǘƻǊ ƻŦ ǘƘŜ ǎƘŀǊŜ ƻŦ ǘƘŜ ŀǊŜŀ ƻŦ ŜŀŎƘ [[// ǘƘŀǘ 
is preserved within the marzes: Sim=LLCCim/LLCCia*100%, where LLCCim is the area of LLCC i-type in marz m, and LLCCia is 
the total area of LLCC i-type in Armenia. This indicator was applied to ensure that the value of rare LLCCs is not diminished. 

The pattern of distribution of non-woody LLCCs across marzes generally mirrors the distribution of landscape zones. 
Moreover, these patterns are very similar based on Esri and ESA data. In contrast, the distribution of woody LLCCs differs 
significantly both from landscapes zones and between Esri and ESA datasets. According to Esri, marzes Gegharkunik, 
Kotayk, Lori, and Tavush account for a larger share of woody LLCCs than of landscape zones overall. In contrast, 
Aragatsotn, Ararat, Shirak, Syunik, and Vyots Dzor account for a smaller share of woody LLCCs (Figure 2.5.B-1, a-c; 
Appendix 2.5.B-1). According to ESA, marzes Lori, Syunik, and Tavush account for a larger share of woody LLCCs while 
Aragatsotn, Armavir, Gegharkunik, and Shirak account for a smaller share of woody LLCCs (Figure 2.5.B-1, d-f; Appendix 
2.5.B-1).  

Marked discrepancies appear when rare LLC˿s are concentrated entirely within a single marzτfor instance, nearly 
100% of woody LLCCs in the high-altitude snow-covered zone of Gegharkunik according to Esri (Fig. 2.5.B-1 c), versus 
nearly 100% of the same LLCC type in Syunik according to ESA (Fig. 2.5.B-1 f). These patterns are most likely the result of 
land-cover misclassifications affecting different marzes in the two datasets. A similar inconsistency is observed in the 
submountain semi-desert zone, where ESA records 100% of woody LLCC in this zone in Syunik (Fig. 2.5.B-1 f), while Esri 
reports none. Such differences reflect the different methodologies of image interpretation applied in the ESA and Esri 
datasets (see Section 2.1.A). Overall, the most significant inconsistencies are associated with the rarest LLCCsτwoody 
LLCCs in general, and especially their rarest variants in high-altitude and semi-desert zonesτsome of which may 
represent artifacts of land-cover classification rather than actual distribution patterns. 

The cumulative value of index Sim indicates the overall contribution of a marz to the conservation of LLCC diversity in 
Armenia. As shown in Figure 2.5.B-1, the contribution of the marzes to the conservation of non-woody LLCCs is similar to 
their contribution to the conservation of natural landscapes as a whole, whereas their role in conserving woody LLCCs 
follows a somewhat different pattern. 
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a                                                  b                                                                c 

 
d                                                  e                                                                f 

Figure 2.5.B-1. The share of the area of natural landscapes and LLCCs in their total area in Armenia, %: a-c) Based on Esri 
data; d-f) Based on ESA data. The scales have been made uniform for easier comparison of the data. 

Based on the rankings of overall marz contribution to the conservation of all LLCC types (the sum of Si indices for each 
marz) derived from the Esri and ESA datasets, only the top-ranked province (Syunik) and the lowest-ranked province 
(Shirak) remain consistent (Figure 2.5.B-2 a,b; Appendix 2.5.B-2). The positions of other marzes vary within the rankings. 
When accounting all LLCC types, the rankings are largely influenced by the rarest LLCCs, which may be errors in the land 
cover datasets. For example, Syunik province ranks exceptionally high based on ESA data because almost all pixels of 
three rare LLCCs (woody areas in high-altitude snowy and alpine zones and sub-mountain semi-desert) are concentrated 
there. This pattern is not observed in Esri data. Conversely, Gegharkunik province ranks second in the Esri-based ranking 
because almost all woody pixels in the high-altitude snowy zone are concentrated there. If the rarest LLCCs, occupying 
ƴƻ ƳƻǊŜ ǘƘŀƴ р҈ ƻŦ ǘƘŜ ƭŀƴŘǎŎŀǇŜ ȊƻƴŜΩǎ ŀǊŜŀ όƳŀǊƪŜŘ ǿƛǘƘ ŀ ά έ ǎȅƳōƻƭ ƛƴ CƛƎǳǊŜ н.5.A-2), are excluded from the 
calculations, the province rankings based on Esri and ESA data become more similar (Figure 2.5.B-2 c,d; Appendix 2.5.B-
2). However, some provinces with similar indicators occupy different positions in the middle of the list.  

The contribution of marzes Tavush, Syunik, and Lori to the conservation of LLCC diversity differs of their importance 
for landscape diversity (Section 2.4). Moreover, these differences are revealed in both the Esri and ESA data, indicating 
that they are not the result of land-cover misclassifications (Figure 2.5.B-3). These three marzes stand out from the others 
because they preserve most of the woody LLCCs (Figure 2.5.B-4), which are generally rarer in Armenia than the non-
woody ones.  
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Figure 2.5.B-2. The rankings of marz cumulative importance for conserving LLCC diversity in Armenia (the sum of Si 
indices for each marz): a,b) all LLCCs; b,c) ŜȄŎƭǳŘƛƴƎ [[//ǎ ǘƘŀǘ ƻŎŎǳǇȅ ƴƻ ƳƻǊŜ ǘƘŀƴ р҈ ƻŦ ǘƘŜ ƭŀƴŘǎŎŀǇŜ ȊƻƴŜΩǎ ŀǊŜŀ. 
The LLCCs are shown in red, the less rare ones in orange, the relatively common in yellow, and the most common in 

green, as in the figure 2.5.A-2. The total percentage for provinces can exceed 100%. 

 

Figure 2.5.B-3. Marz contribution to conservation of LLCC and landscape diversity in Armenia, based on Esri and ESA 
data  
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Figure 2.5.B-4. MarzΩ contributions to conservation of non woody and woody LLCC diversity, based on Esri and ESA data.  

2.5.˿ . Changes in LLCC extent and in marz importance for the conservation of LLCC diversity in Armenia 

Land cover changes recorded by Esri data from 2017 to 2023 have resulted in changes in the area of natural landscapes 
and LLCC extent (Figure 2.5.C-1). The data on LLCC changes provides the following additional information compared to 
the data on landscape changes (Section 2.4.B):  

- The area of woody LLCCs has decreased more significantly than that of non woody LLCCs within the middle-mountain 
meadow steppe;  

- The total reduction in the area of mountain forest landscapes is driven by opposing changes in woody and N-W 
LLCCs, specifically, a decrease in woody LLCCs and an increase in N-W LLCCs;  

- The total area of the forest shelter belt has remained unchanged, although the woody LLCCs within it have 
decreased.  

 

 

Figure 2.5.C-1. Changes in the extent of natural landscapes (a) and LLCC (b) from 2017 to 2023 based on Esri data 
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For the assessment of changes in provincial importance (Figure 2.5.C-2), the data on LLCCs provides the following 
additional information: (i) the importance of the Syunik province for conserving LLCCs has decreased, even though it has 
remained unchanged with respect to landscapes and (ii) the importance of the Tavush province for conserving LLCCs has 
grown significantly more than it has for landscapes. 

Preliminary conclusions for organizing ecosystem accounting from the LLCC exercise are as follows: 
- The LLCC map makes it possible to identify rare LLCCs, however, rare LLCCs with a very small area must be carefully 

validated to exclude land cover classification errors;  
- The rarer the LLCCs are, the greater the differences in estimates between the land-cover datasets. The same can be 

expected when accounting for real rare ecosystems with small areas; 
- LLCC mapping provides additional information compared to the data on landscape extent. 

 

Figure 2.5.C-2. Changes in marz importance for conservation of diversity of natural landscapes (a) and LLCC (b) in 
Armenia from 2017 to 2023 based on Esri data
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2.6. Ecosystem extent in protected areas 

2.6.A. Extent of protected areas in Armenia 

In accordance with Decree N 1059-  (25.09.2014) of the Government of the Republic of Armenia13, the PAs in 2014 
were as follows: 

- 3 state reserves ("Khosrov Forest", "Shikahogh" and "Erebuni"), which occupy an area of 35,439.6 hectares or 1.19% 
of the total area of Armenia, 

- 4 national parks ("Sevan", "Dilijan", "Lake Arpi" and "Arevik"), which occupy an area of 236,802.1 hectares or 7.96% 
of the total area of Armenia, 

- 232 natural monuments, 
- 27 state sanctuaries, which occupy an area of 114,812.7 hectares or 3.95% of the total area of Armenia. 
The total area of state reserves, sanctuaries, and national parks was 387,054.4 hectares, which accounted for 13.1% 

ƻŦ !ǊƳŜƴƛŀΩǎ ǘƻǘŀƭ ǘŜǊǊƛǘƻǊȅΦ 

Table 1. PAs areas in 2014 according to the Ministry of Environment of Armenia 

PA Area, ha 

STATE RESERVES 

Khosrov Forest 23 213.5 

Shikahogh 12 137.1 

Erebuni 89.0 

NATIONAL PARKS 

Sevan 147 455.0 

Dilijan 33 765.0 

Lake Arpi 21 179.3 

Arevik 34 401.8 

NATURAL SANCTUARIES 

Akhnabad 25.0 

Arjatkhlenu 40.0 

Juniper sparse forest 3 312.0 

Gyulagarak 2 576.0 

Herher sparse forest 6 139.0 

Jermuk Forest 3 865.0 

Sosu Park 64.2 

Aragats Alpine 300.0 

Banks pine 4.0 

Goravan sand dunes 95.99 

Caucasian rosehip 1 000.0 

Arzakan-Meghradzor 13 532.0 

Gandzakar 6 813.0 

Getik 5 728.0 

Ijevan 5 908.0 

Margahovitti 3 368.0 

Yeghegnadzor 4 200.0 

Goris 1850.0 

Red worm 219.85 

Boghakar 2 728.0 

Black Lake 240.0 

Deep wound 50.28 

Hanqavan Hydrological 5 169.04 

Jermuk Hydrological 17 371.0 

Zangezur 25 870.64 

Zikatar 150.0 

Khustup 6946.74 

 

 
13 https://www.arlis.am/hy/acts/93166  

https://biodiversity-armenia.am/pas/
https://www.arlis.am/hy/acts/93166
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2.6.B. Ecosystem extent in PAs based on Esri land cover data 

At the present stage, we do not have access to official data covering all Armenian PAs for the period after 2014, official 
digitized maps of PA boundaries, or land cover data specifically refined for the territory of Armenia. Therefore, the 
following analyses are based on the available digital PA map referenced below and the global Esri land cover dataset.  

The use of the Esri land cover dataset for relatively small PA areas leads to significant errors in area estimation. In the 
examples below, we demonstrate only the type of analysis that can, in principle, be conducted for ecosystem accounting 
of PAs based on land cover data. All estimates are of methodological value only and should be refined using official PA 
boundaries and land cover data provided by the PAs. 

This example of accounting is based on the PA map provided by Acopian Center for the Environment, American 
University of Armenia14 (Figure 2.6.B-1), the vegetation map prepared in the framework of our project (Section 2.3), and 
Esri land cover data from 2017 and 2023. 

 

 

Figure 2.6.B-1. The map of protected areas of Armenia. For details see project WEB GIS 
(https://bccarmenia.nextgis.com/), ǎŜŎǘƛƻƴ άProtected areasέ (the location of the Goravan Sands Sanctuary needs to be 

clarified) 

The extent of land-cover classes in the PAs indicates the area of woody vegetation and the degree of human-induced 
transformation (Figure 2.6.B-2; Table 2.6.B-1). According to Esri (2023), the entire area of the Ararat Vordan Karmir 
Sanctuary is occupied by croplands and built-up areas. Human-modified territories cover about half of the Goravan Sands 
and Goris Sanctuaries. The areas of Sevan and Arpi Lake National Parks, as well as the Khor Virap Sanctuary, are also 
significantly transformed. Forest vegetation occupies most of the territory of the Shikahogh Reserve and the Dilijan 
National Park, as well as the GandzakarςUpper Aghdan, Ijevan, Pine of Gyulagarak, and Zikatar Sanctuaries. By contrast, 
forest is almost absent in the Erebuni Reserve, Arpi Lake National Park, and in 11 other sanctuaries. 

 
14 https://ace.aua.am/  

https://bccarmenia.nextgis.com/
https://ace.aua.am/
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Figure 2.6.B-2. The share of areas of land cover classes and anthropogenic areas, %. *Arpa is protected landscape 

 
All vegetation zones are represented in the PAs. The area of some PAs is entirely covered by vegetation of a single 

zone, for example: Goravan Sands ς desert; Erebuni, Ararat, and Khor Virap τ semi-desert; Hazel Nut ς broadleaf 
woodlands; Gandzakar-Upper Aghdan, Goris, Hankavan Hydrological, Pine of Gyulagarak, Plane Grove ς forest zone; 
Akhnabat Yew Grove, Pine of Banx, Sev Lich τ subalpine meadows; Aragats Alpine ς alpine meadows (Figure 2.6.B-3).  

Overall, vegetation zones are unevenly represented in the PAs. The forest zone occupies the largest area within the 
PAsτŀōƻǳǘ мΣплл ƪƳчΦ hǘƘŜǊ ȊƻƴŜǎ ŀǊŜ ƳǳŎƘ ǎƳŀƭƭŜǊΣ ǊŀƴƎƛƴƎ ŦǊƻƳ рлл ƪƳч of ǎǳōŀƭǇƛƴŜ ȊƻƴŜ ǘƻ пс ƪƳч ƻŦ ƳŀǊǎƘŜǎ 
(Figure 2.6.B-4a). ¢ƘŜ ǎƘŀǊŜǎ ƻŦ ǘƘŜ ȊƻƴŜǎΩ ŀǊŜŀǎ ǇǊŜǎŜǊǾŜŘ ƛƴ ǘƘŜ t!ǎ ŀǊŜ ŀƭǎƻ ƘƛƎƘƭȅ ǳƴŜǉǳŀƭΦ 26% and 32% of the forest 
and juniper zones are preserved in the PAs while for the semi-desert, steppe, and open woodland zones this share is less 
than 10% (Figure 2.6.B-4b). The desert zone is not indicative in this analysis, as it is represented by only one small unique 
site). 

Between the total area of a vegetation zone and the share of its area preserved in the PAs, a weak, non-significant 
tendency towards a negative relationship between the total zone area of a vegetation zone and its representation in the 
PAs: the larger the total area of a zone, the lower its representation in the PAs (Figure 2.6.B-5). Even from this weak trend 
it is possible to distinguish zones that are better represented in the PAs, lying above the trend line (juniper, forest), and 
underrepresented zones, lying below the trend line (semi-desert, broadleaf woodland). 
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Figure 2.6.B-3. The share of area of vegetation zones in PAs, % 
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Figure 2.6.B-4. Area and the share of the natural area of a vegetation zone located in the PAs 

 

Figure 2.6.B-5. A weak, non-significant tendency towards a negative relationship between the total area of a vegetation 
zone and its representation in the PAs. 

 

Table 2.6.B-1. Area of land cover classes in PAs, ha (* the total area of PAs shown on the map used may differ from the 
official data, as the PA boundaries on the map require further clarification) 

PA type PA Trees Rangeland 
Bare 

Ground 
Snow/ 

Ice 
Water and 
flood. veg. 

Crops 
Built-up 

area 
Total area 

of PA* 

State 
Reserves 

Erebuni 0 84.84 0 0 0 0 3.5 88.30 

Khosrov Forest 2404.91 20231.17 31.76 0 0.51 5.33 176.63 22868.59 

Shikahogh 9854.31 1937.14 0 0 0 0 0 11810.26 

National 
Parks 

Sevan 5525.1 14346.23 13.23 0 126863.3 2173.48 2336.68 151374.99 

Dilijan 24757.79 12862.58 0 0 5.21 11.41 1546.26 39214.50 

Arpi Lake 186.33 43922.3 8.64 0 2123.82 10719.45 810.1 57828.90 

Arevik 4158.48 37530.44 36.28 1.25 3.11 0 5.12 41852.62 

Protected 
landscape 

Arpa 1.49 8148.12 1.01 0 0 0 1.7 8158.56 

State 
Sanctuaries 

Akhnabat Yew Grove 0 24.85 0 0 0 0 0 24.86 

Aragats Alpine 0 276.72 0.17 4.1 15.67 0 4.11 301.07 

Ararat Vordan Karmir 0 0.37 0 0 0 166.63 38.36 205.60 

Arzakan and Meghradzor 7503.25 6181.2 3.39 0 7.27 285.16 521.26 14518.08 

Boghaqar 1112.76 1757.96 0 0 0 0 0 2872.27 

Caucasian Rose-Bay 1037.93 794.25 0 0 0 0 15.02 1848.58 

Gandzakar-Upper Aghdan 2973.96 925.74 0 0 0 0.07 7.73 3910.26 

Getik 1354.88 1559.37 0.03 0 1.65 58.24 148.68 3124.67 

Gilan 48.48 238.6 0.23 0 0 0 0 287.41 
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Goravan Sands 0 106.47 0 0 0 106.93 0 213.47 

Goris 11.93 934.73 0 0 0 847.96 96.39 1901.05 

Hankavan Hydrological 191.05 783.42 0 0 0 0 1.3 976.53 

Hazel-Nut 0 40.73 0 0 0 0.58 0.24 41.48 

Herher Open Woodland 7.17 2047.41 6.58 0 35.85 0 0 2098.67 

Ijevan 5725.75 2048.54 0 0 0 5.7 7.29 7793.64 

Jermuk 726.01 3336.61 0 0 0 0.94 0 4066.48 

Jermuk Hydrological 388.69 2163.31 0 0 0.05 0 28.1 2581.86 

Juniper Open Woodlands of Sevan 8.9 3764.79 21.6 0 0.2 60.96 70.75 3930.40 

Khor Virap 0.01 124.8 0 0 0.28 31.71 2.45 159.37 

Margahovit 2285.4 2222.63 0 0.14 0 69.85 23.13 4604.38 

Pine of Banx 0 4.62 0 0 0 0 0 4.61 

Pine of Gyulagarak 1768.24 661.81 0 0 0 14.27 0.61 2446.95 

Plane Grove 1098.25 1049.34 0 0 0 1.43 13.58 2174.57 

Sev Lich 0 150.56 0.47 0 89.14 0 0 240.32 

Yeghegis 230.75 1927.08 0.45 0 0 0.52 36.32 2196.95 

Zangezur 127.06 24156.19 241.24 3.54 33.9 2.03 0 24711.29 

Zikatar 2691.57 504.37 0 0 0 0 0 3198.61 

 

Table 2.6.B-2. Area of vegetation zones in PAs, ha (*the total area of PAs shown on PA map used may differ from the 
official data, as the PA boundaries on the map require further clarification) 

PA type PA 

Alpine 
meado
ws and 
carpets 

Sub-
alpine 
mea-
dows 

Mea-
dow-

step-pe 
Forest 

Juni-
per 

Broad-
leaf 

wood-
land 

Steppe 

Semi-
desert 
and 

desert 

Mars
h 

Total 
terrestrial
area of 

PA* 
State 
Reserves 

Erebuni 0 0 0 0 0 0 0 88.34 0 88.34 
Khosrov Forest 0 268.64 0 8533.69 0 14.72 12399.13 1626.9 3.58 22846.66 
Shikahogh 0 405.25 0 11224.97 0 0 0 0 0 11630.22 

National 
Parks 

Sevan 0 0 16.03 20957.52 0 0 5204.09 0 0 26177.64 
Dilijan 0 6667.11 15.37 30799.09 0 0 1701.68 0 0 39183.25 
Arpi Lake 2375.3 17575.65 32567.5 0 0 0 40.31 0 4514.4 57073.13 
Arevik 4371.3 6231.62 0 23943.92 0 5172.4 0 1651.39 0 41370.6 

Protected 
landscape 

Arpa 
0 490.08 0 73.14 17.23 0 6997.61 574.26 0 8152.32 

State 
Sanctua-
ries 

Akhnabat Yew Grove 0 24.85 0 0 0 0 0 0 0 24.85 
Aragats Alpine 300.8 0 0 0 0 0 0 0 0 300.77 
Ararat Vordan 
Karmir 

0 0 0 0 0 0 0 205.36 0 205.36 

Arzakan and 
Meghradzor 

1.87 5171.99 699.07 8547.13 0 0 0 0 86.52 14506.58 

Boghaqar 0.32 600.73 0 2269.67 0 0 0 0 0 2870.72 
Caucasian Rose-Bay 0 235.19 0 1051.5 0 560.51 0 0 0 1847.2 
Gandzakar-Upper 
Aghdan 

0 0 0 3907.5 0 0 0 0 0 3907.5 

Getik 0 1057.62 491.27 1573.96 0 0 0 0 0 3122.85 
Gilan 0 0 0 187.18 0 0 87.72 11.24 0 286.14 
Goravan Sands 0 0 0 0 0 0 0 213.4  0 213.4 
Goris 0 0 0 1900.32 0 0 0 0 0 1900.32 
Hankavan 
Hydrological 

0 0 0 975.77 0 0 0 0 0 975.77 

Hazel-Nut 0 0 0 0 0 41.55 0 0 0 41.55 
Herher Open 
Woodland 

0 0 0 177.97 938.57 0 388.05 592.42 0 2097.01 

Ijevan 0 0 0 6581.18 0 1206.1 0 0 0 7787.28 
Jermuk 0 0 164.7 1896.6 1932.9 0 69.29 0 0 4063.56 
Jermuk Hydrological 0 351.27 136.5 2092.38 0 0 0 0 0 2580.15 
Juniper Open 
Woodlands of Sevan 

0 0 0 298.17 861.8 0 2767.2 0 0 3927.2 

Khor Virap 0 0 0 0 0 0 0 159.25 0 159.25 
Margahovit 0 2440.85 0 2160.31 0 0 0 0 0 4601.16 
Pine of Banx 0 4.62 0 0 0 0 0 0 0 4.62 
Pine of Gyulagarak 0 2.62 0 2442.31 0 0 0 0 0 2444.93 
Plane Grove 0 0 0 2160.46 0 0 0 0 0 2160.46 
Sev Lich 0.07 240.1 0 0 0 0 0 0 0 240.17 
Yeghegis 0 0 0 1527.23 619.0 0 37.75 11.1 0 2195.12 
Zangezur 15340.9 7825.73 0 1148.02 0 45.62 0 0 0 24360.19 
Zikatar 0 0 0 3195.94 0 0 0 0 0 3195.94 
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2.6.C. Changes in the areas of land cover classes in state reserves and national parks 

According to Esri, between 2017 and 2023 the most notable changes occurred in Arpi Lake National Park, where the 
area of croplands increased by more than half, and in the Erebuni Reserve, where it decreased by one third. In the Arevik 
Reserve, the forest area decreased by 18% (Figure 2.6.C-1). 

 

Figure 2.6.C-1. Changes in the area of land cover classes within PAs 

2.6.D. Distance from natural monuments to anthropogenic areas and roads 

As an example of assessing anthropogenic threats to 'point' ecosystems and natural objects of very small area, 
distances were measured between the natural monuments (the map provided by Interactive Forest Atlas of Armenia15 
(Figure 2.6.D-1), and anthropogenic areas (built-up areas and croplands according to the Esri 2023 land cover data), roads 
including main roads and all other roads including trails from the dataset of Interactive Forest Atlas of Armenia, and 
population polygons with more than 100 residents based on the Kontur Population Dataset16 (Figures 2.6.D-2, 2.6.D-3). 

This example shows that even minor errors in land cover classificationτamounting to just a few pixelsτcan 
significantly distort the calculated distances to natural monuments. Therefore, to obtain reliable results, it is essential to 
use land cover data specifically refined for Armenia. Unfortunately, at this stage the lack of an officially approved digital 
map of PA boundaries, combined with errors in the Esri land-cover data, prevents accurate accounting of ecosystem 
extent within PAs. For PAs with small areas, even minor land-cover errors can significantly distort the actual proportions 
of different ecosystem types. Moreover, the misclassification of anthropogenic areas where none exist leads to 
inaccurate assessments of threats to natural ecosystems and natural monuments. For instance, the misclassification of 
cropland and built-up areas in the high-mountain zone of the Gegham Ridge in the land-cover data artificially reduced 
the estimated distance between natural monuments and anthropogenic territories (2.6.D-4). 

 

 
15 https://forestatlas.am/  
16 https://www.kontur.io/datasets/population-dataset/  

https://forestatlas.am/
https://www.kontur.io/datasets/population-dataset/
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Figure 2.6.D-1. The map of natural monuments used (in details see project WEB GIS https://bccarmenia.nextgis.com/) 
section άProtected areasέ 

 

 

Figure 2.6.D-2. An example of distances for Dasak biological monument (shown as green diamond) in Armavir marz 

Distance to cropland 

Distance to road 

Distance to settlement 

Distance to population 
polygon 

https://bccarmenia.nextgis.com/
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Figure 2.6.D-3. Distance from different categories of natural monuments to various types of anthropogenic areas and 
roads, in meters (Pop-100 - hexagons with a population of more than 100 people). 

 

Figure 2.6.D-4. Erroneous underestimation of the distance between anthropogenic areas and hydrographic monuments 
due to Esri land cover mistakenly detecting croplands and built-up areas on the Gegham Ridge.



IIPrototype Ecosystem Accounting of Armenia                                 2. Ecosystem Extent. 2.7. Ecosystems of Armenia in GEA 

 

68 
 

 

2.7. Approaches to integrating Armenia into the Global Ecosystem Atlas 

2.7.A. Zero version of Armenian ecosystem map for the GEA 

The Global Ecosystems Atlas (GEA)17 will be the first comprehensive harmonized open resource on the extent, change, 
ŎƻƴŘƛǘƛƻƴ ŀƴŘ Ǌƛǎƪ ƻŦ ŀƭƭ ǘƘŜ ǿƻǊƭŘΩǎ ŜŎƻǎȅǎǘŜƳǎΦ ¢ƘŜ ƛƴŎƭǳǎƛƻƴ ƻŦ !ǊƳŜƴƛŀ ƛƴ ǘƘŜ D9! ƛǎ ǎŜŜƴ ōȅ ǳǎ ŀǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ǎǘŜǇ 
to demonstrate the international significance of national ecosystem accounting. 

Our approach consists in the integration of a scientific vegetation map with regularly updated land cover data. 
Scientific map takes into account the ecological and biodiversity features of terrestrial ecosystems that are difficult or 
impossible to detect from space. Regularly updated land cover data allows for timely monitoring of changes in the extent 
of natural ecosystems. This approach was tested for extent accounting of natural vegetation types (Section 2.3) natural 
landscapes (Section 2.4) and LLCCs (Section 2.5).  

To produce the zero-version map variants of ecosystems in Armenia for the GEA, we used the vegetation map 
developed within the project (Section 2.3) and two land cover datasets - Esri 2023 and ESA 2021 (10 m resolution). The 
vegetation map was recoded to IUCN Global Ecosystem Typology (GET) by George Fayvush. 

The current area of natural terrestrial ecosystems, is defined as the potential area of a given vegetation type minus 
cropland and built-up areas based on land cover data. The current distribution of forests is also derived from land-cover 
data (Fig. 2.7.A-1).  

 
Figure 2.7.A-1. Main steps to produce a map of current terrestrial ecosystems using Esri data as an example: a) potential 
distribution of vegetation types; b) current natural area of vegetation zones excluding croplands and built-up areas; c) 
ecosystem types, including current tree cover. For detailed map see project Web GIS (https://bccarmenia.nextgis.com) 

sections Ecosystem Extent/Vegetation/Vegetation map 2025 

 
The vegetation map, originally created as a vector dataset, was rasterized to a spatial resolution of 10 m and was 

subsequently reclassified into ecosystem types according to the IUCN GET. Four classes from land cover datasets were 
used and reclassified into the IUCN GET. Since the EA PV1 focuses exclusively on terrestrial ecosystems, aquatic 
ecosystems were not classified and were defined generally as Water (Table 2.7.A-1). 

As our analysis comparing cropland areas from land cover datasets and Armstat data has shown (Section 2.1.B), 
ǘŜǎǘŜŘ ƭŀƴŘ ŎƻǾŜǊ ŘŀǘŀǎŜǘǎ ƛƴŎƭǳŘŜ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŎŀǘŜƎƻǊƛŜǎ ƻŦ ŀƎǊƛŎǳƭǘǳǊŀƭ ƭŀƴŘ ƛƴ ǘƘŜ ΨŎǊƻǇƭŀƴŘΩ ŎƭŀǎǎΥ 
ς annually plowed areas (T7.1 Annual croplands); 
ς perennial agricultural plantations, i.e., vineyards and orchards (T7.3 Plantations); 
ς some of the fields that have not been plowed this year (T7.5 Derived semi-natural pastures and oldfields). 
At this stage, we do not have the data necessary to separate these three categories within cropland land cover 

ŎƭŀǎǎΣ ǘƘŜǊŜŦƻǊŜΣ ǿŜ ǊŜŎƭŀǎǎƛŦƛŜŘ ƛǘ ŀǎ ¢тΦм !ƴƴǳŀƭ ŎǊƻǇƭŀƴŘǎΦ [ŀƴŘ ŎŀǘŜƎƻǊƛŜǎ ǎǳŎƘ ŀǎ ά¢тΦн {ƻǿƴ ǇŀǎǘǳǊŜǎ ŀƴŘ ŦƛŜƭŘǎέ 
and forest plantations aimed at timber production are not typical for Armenia; therefore, we did not consider them. 
/ŀǘŜƎƻǊȅ ά¢тΦр 5ŜǊƛǾŜŘ ǎŜƳƛ-ƴŀǘǳǊŀƭ ǇŀǎǘǳǊŜǎ ŀƴŘ ƻƭŘŦƛŜƭŘǎέ Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ ǘƘǊŜŜ ǾŜƎŜǘŀǘƛƻƴ ȊƻƴŜǎΥ ƳŜŀŘƻǿ-steppe, 
steppe, and semidesert. However, at this stage, we do not have the data necessary to identify T7.5 within these zones. 

 

 
17 https://globalecosystemsatlas.org/  

a b c 

https://bccarmenia.nextgis.com/
https://globalecosystemsatlas.org/
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Table 2.7.A-1. Reclassification of vegetation map and land cover classes to the IUCN GET 

 IUCN GET 

Vegetation map 
of Armenia 

Alpine vegetation  T6.4 Temperate alpine grasslands and shrublands 

Subalpine meadows  T4.5 Temperate subhumid grasslands 

Meadow-steppe  T4.5 Temperate subhumid grasslands 

Steppe T5.1 Semi-desert steppes  

Grasslands within forest vegetation zone  T4.5 Temperate subhumid grasslands 

Juniper woodlands T4.4 Temperate woodlands 

Broadleaf woodlands  T4.4 Temperate woodlands 

Semidesert T5.1 Semi-desert steppes 

Desert T5.1 Semi-desert steppes 

Land cover data 

Trees; Tree cover T2.2 Deciduous temperate forests 

Built-up areas T7.4 Urban and industrial ecosystems 

Crops; Croplands T7.1 Annual croplands 

Water; Permanent water bodies Water  

 
Four classes (trees, crops, built areas, water) from the Esri 2023 and ESA 2021 land-cover datasets were overlaid onto 

the vegetation raster using a priority-based approach; that is, these classes replaced the underlying vegetation class, 
while all other pixels retained their original vegetation classification. Thus, two versions of the map with a 10 m resolution 
were produced based on Esri and ESA data. 

Next, ESA- and Esri-based 10 m categorical rasters were aggregated to a 100 m resolution using a majority (modal) 
resampling approach. For each млл Ƴ ŎŜƭƭΣ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ōƭƻŎƪ ƻŦ мл Ҏ мл ǳƴŘŜǊƭȅƛƴƎ мл Ƴ ǇƛȄŜƭǎ όмлл ǇƛȄŜƭǎ ƛƴ ǘƻǘŀƭύ 
was identified, and the ecosystem class occurring most frequently within that block was assigned to the output cell. 
NoData values were excluded from the calculation. This approach preserves categorical integrity and avoids artificial class 
mixing that would result from averaging or interpolative resampling methods. Resulting rasters are ESA_based_100m.tif 
and Esri_based_100m.tif (Figure 2.7.A-2). 

Figure 2.7.A-2. Maps of current terrestrial ecosystems of Armenia based on Esri 2023 and ESA 2021 land cover data. See 
details in project WEB GIS (https://bccarmenia.nextgis.com/resource/644/display?panel=layers), section άArmenia in 

GEAέ 

Due to differences in the methodologies used by Esri and ESA to identify built-up areas, croplands, and tree cover, 
the resulting maps show noticeable differences in the areas of these classes. The more detailed ESA land-cover dataset 
identifies grasslands, croplands, and tree cover within settlement areas; therefore, in the raster based on ESA data, built-
up area is smaller than in the raster based on Esri data and some settlements with a high density of trees (small private 
gardens, street trees, and parks) are identified in the ESA data predominantly as tree cover (Fig. 2.7.A-3). 

 

https://bccarmenia.nextgis.com/resource/644/display?panel=layers
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Esri based map, 10 m Esri based map, 100 m 

  
ESA based map, 10 m ESA based map, 100 m 

Figure 2.7.A-3. The settlement of Garni in the map versions based on Esri and ESA data. 

However, according to the understanding of urban ecosystem types in the IUCN GET, all tree-covered, herbaceous, 
and vacant land areas located within urban boundaries are considered part of urban ecosystems. Therefore, we 
considered it appropriate to provide the GEA team with two additional versions of the map, in which all areas within 
settlement boundaries are assigned to class T7.4 Urban and industrial ecosystems. 
Settlement areas were delineated using OpenStreetMap data by combining administrative boundaries of towns and the 
city of Yerevan (Fig. 2.7.A-4 a) with built-up area polygons which represent the actually built-up areas of settlements at 

a lower hierarchical level than towns and city Yerevan ((Fig. 2.7.A-4 b). These features were merged into a single 
settlement layer (Fig. 2.7.A-4 c), which was overlaid onto the ESA- and Esri-based rasters and classified as T7.4 Urban 

and industrial ecosystems. Resulting rasters are ESA_OSM_100m.tif and Esri_OSM_100m.tif (Figure 2.7.A-5). 

 

Figure 2.7.A-4. Used OSM layers: (a) administrative boundaries of towns and the city of Yerevan; (b) built-up area 

a 
b 

c 
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polygons; (c) combined layer. 

Figure 2.7.A-5. Maps of current terrestrial ecosystems of Armenia based on Esri 2023 and ESA 2021 land cover data and 
built-up areas from OSM. See details in project WEB GIS 

(https://bccarmenia.nextgis.com/resource/644/display?panel=layersύΣ ǎŜŎǘƛƻƴ ά!ǊƳŜƴƛŀ ƛƴ D9!έ 

2.7.B. Ecosystem extent according IUCN Global Ecosystem Typology 

Area of ecosystem types according to the IUCN GET is shown in Table 2.7.B. The largest areas are occupied by T4.5τ
Temperate subhumid grasslands (32ς33%) and T5.1τSemi-desert steppes (26ς27.5%). Substantially smaller areas are 
occupied by T2.2τDeciduous temperate forests (10ς13%) and T6.4τTemperate alpine grasslands and shrublands (6%), 
while minor areas are represented by T4.4τTemperate woodlands (3%) and TF1.7τBoreal and temperate fens (less than 
1%). Anthropogenic areas, depending on the map version, account for 13ς18%: croplands 10ς11% and built-up areas 2ς
7%. The overall pattern of ecosystem extent differs most strongly for the map based on ESA data (Fig. 2.7.B), due to the 
substantially lower built-up area and higher areas of grasslands, forests, and croplands, resulting from the inclusion of 
their area located within settlements (see above). 

Table 2.7.B. Ecosystem area in Armenia and across marzes in different versions of ecosysem map, km2 
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Aragatsotn 87.4 0 662.7 1290.8 204 449.9 34 2.6 4.6 

Ararat 70.1 9.4 260.4 1215.5 37.7 341.4 95.9 52.3 32.4 

Armavir 7.2 0 0 645.3 0 492.9 100.4 12.7 4.9 

Gegharkunik 145.3 39.4 1971.5 878.9 396.6 390.6 58.8 93.9 1273.1 

Kotayk 211.1 1.8 672.9 770.5 116 265.4 64.8 10 2.4 

Lori 1024.4 35 1985.3 405.7 44.5 184.7 47.7 32.8 3.1 

Shirak 13.2 0 906.5 878.2 127.4 663.7 64.8 35.5 29.3 

Syunik 857.2 140 1768.6 770.2 542.3 380.7 12.9 3.5 17.8 

Tavush 1479.6 473.4 653.6 5.8 0.4 79.6 30.4 0 3.5 

Vayotz Dzor 112.2 86.8 697.8 1125.6 214.9 51.7 4.2 0.7 2.4 

Yerevan 11.9 0 0 92.8 0 4.7 123.1 0 0.8 

TOTAL 4019.6 785.9 9579.3 8079 1683.7 3305.1 637 243.9 1374.2 

B
a
s
e

d
 o

n
 E
s
ri 
2
0
2
3 

Aragatsotn 47.8 0 644.5 1255.2 203.5 438 138.6 5.2 3.1 

Ararat 25.4 9.4 271.3 1202 37.6 306.7 176.9 54.4 31.4 

Armavir 0.5 0 0 456.2 0 611.1 182.4 6.9 6.3 

Gegharkunik 128.2 31.1 1915.9 813.2 396.3 403.3 194 91.9 1274.3 

Kotayk 153.2 2 661.1 725 114.2 265.6 183.4 8.1 2.5 

Lori 881.9 40.6 1986.4 329 44.4 298.5 148.5 30.5 3.4 

Shirak 13 0 804.2 829.8 127.8 742.2 142.2 29 30.3 

Syunik 502.3 166.2 2036.6 920.4 540.8 231.9 73.6 6.6 15.2 

Tavush 1318.6 493.6 726.4 6.4 0.4 81 95.7 0 4.2 

Vayotz Dzor 36.2 102.3 720.3 1142 214.8 32.7 45.1 0.8 2.2 

https://bccarmenia.nextgis.com/resource/644/display?panel=layers
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Yerevan 0.4 0 0 56.6 0 7.8 167.8 0 0.7 

TOTAL 3107.3 845.1 9766.7 7735.7 1679.7 3418.7 1548.2 233.2 1373.5 
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M
 Aragatsotn 59.4 0 646.8 1227.8 202.3 431.7 161.5 2.7 4.5 

Ararat 61.4 9.4 259.2 1183.8 37.1 306.8 175.3 50.2 31.7 
Armavir 4.9 0 0 588.6 0 431.2 224.5 9.8 4.6 
Gegharkunik 137.5 36.1 1923.4 824.8 396.7 340.2 222.1 94.6 1272.8 
Kotayk 174 1.5 647.9 726.8 115.2 254.9 184.9 8.2 1.4 
Lori 988.8 29 1941.5 375.6 43.6 167.8 183.2 30.5 2.9 
Shirak 10.1 0 890.7 821.1 127.6 628 177.1 34.7 29.2 
Syunik 819.4 138.5 1745.1 757.2 542.5 375.6 94.5 3.3 17.5 
Tavush 1435.7 453.2 643.1 5.7 0.3 78.4 106.4 0 3.5 
Vayotz Dzor 86.9 85.2 682.8 1101.5 215.8 50.5 70.7 0.7 2.4 
Yerevan 0.4 0 0 13.6 0 0.8 218.3 0 0 
TOTAL 3778.5 753 9380.4 7626.7 1681 3065.7 1818.4 234.7 1370.4 
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M Aragatsotn 47.7 0 642.6 1235.7 202 421.8 178.6 5.2 3.1 
Ararat 25.6 9.5 270.7 1192.7 37.1 290.8 203.5 53.7 31.5 
Armavir 0.5 0 0 441.1 0 563.6 246.1 6.3 6.1 
Gegharkunik 125.6 30.8 1897.7 803.2 396.6 386.3 241.4 92.7 1273.9 
Kotayk 150.3 1.7 650.1 712 113.2 256 222.3 7.6 1.4 
Lori 875.1 35.5 1966.5 320.7 43.5 288.4 200 30.2 3 
Shirak 13 0 799.7 813.5 127.6 718.3 187.3 29 30.2 
Syunik 502 164.4 2014.9 914 541.1 229.6 106.4 6.6 14.6 
Tavush 1314.2 486 718.9 6.3 0.3 78.3 118.2 0 4.2 
Vayotz Dzor 32.6 101.8 709.9 1126.8 215.7 30 76.6 0.8 2.2 
Yerevan 0 0 0 11.2 0 0.6 221.4 0 0 
TOTAL 3086.6 829.7 9671 7577.2 1677.1 3263.6 2001.8 231.9 1370 
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Figure 2.7.B. Ecosystem area in Armenia and across marzes in different versions of ecosysem map, km2 

2.7.C. Comparison of Zero version maps for the GEA with government-reported data 

To compare the created variants of the ecosystem maps with government-reported land cover class area data for 
202218, all non-forest ecosystem classes in our maps were aggregated into a single class. All versions of created maps 
show cropland areas that are smaller than those reported in the official government statistics, while the area of non-
forest ecosystems is larger. This indicates that part of croplands included in government statistics is identified as grassland 
by the land-cover datasets. Built-up area in maps created for the GEA exceeds the values reported in government 
statistics, except for the map version based on ESA data, where the built-up area is substantially smaller. With respect to 
forest area, the map versions based on ESA data show better agreement with the government statistics (Figure 2.7.C-1). 

The sum of the absolute differences between class areas in the cerated maps and the government statistics is smallest 
for the map based on ESA and OSM data - ESA_OSM_100m.tif (Figure 2.7.C-2). 

 

 

Figure 2.7.C-1. Area of main land cover classes in ecosystem maps created for GEA and in Government-reported data (a) 
and relative differences in area between GEA maps and government statistics, % of Government-reported area (b) 

 
18 https://www.arlis.am/hy/acts/171671 
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Figure 2.7.C-2. The sum of the absolute differences between maps for GEA and government statistics 

2.7.D. Subsequent versions of the map 

As shown by our analysis (Section 2.1), all global land cover datasets contain significant errors, and therefore, the 
ecosystem map of Armenia and the ecosystem accounting should eventually be based on a corrected national land cover 
dataset. 

Currently, we are at the stage of the Zero version of the map, which can be created based on the Prototype ecosystem  
accounting V1 and available global land cover datasets. Moving forward, two main stages of improvement for this map 
can be foreseen. Along this path, improvements are needed both in the vegetation map and in the land cover data. 

Version 1 may be based on a detailed map of Armenian ecosystems developed using the ELU approach (Section 4.2C) 
as well as sertain refinments of land cover data:  
ς Corrections of obvious errors in land cover data (e.g., built-up areas and croplands in high mountain zones); 
ς Creation of tree cover map with two classes ς closed forest and open woodlands 
Version 2 shold be based on an accurate national land cover dataset including 
ς Refinement of T7.1 Annual cropland areas; 
ς Identification of T7.3 Plantation areas (vineyards and orchards) 
ς Identification of T7.5 Derived semi-natural grasslands, which requires analysis of satellite imagery and agricultural 

statistics not only for the current period but also for previous years. 
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2.8. Examples of EE accounting tables 

For reporting to international systems, EE accounting data must be recoded in accordance with the ecosystem 
classification used by the respective platform. Thus, for reporting to SEEA-EA and GEA, ecosystem extent data should be 
recalculated according to the IUCN GET as presented in Section 2.7.  

Extent of land cover classes by Government-reported data (Section 2.2.A) 

EE accounting table: Table 2.2.A-2. Land cover classes in 2020 and 2024, by Government-reported data, ha 

 
Cultivated 

lands 
Grasslands Tree-covered 

areas 

Shrub-
covered 
areas 

Water 
covered 
areas 

Vegetation-
free areas 

Opening extent in 2020 538361.22 1366386.9 400522.06 34200.612 151491.8 483295.83 
Additions to extent  NA 
Managed expansion NA 
Unmanaged expansion NA 
Reductions in extent NA 
Managed reductions NA 
Unmanaged reductions NA 
Net change in extent 1259.3 -2700.46 -18160.9 173.718 20626.01 -1197.1 
Closing extent in 2024 539620.52 1363686.44 382361.15 34374.33 172117.81 482098.73 

 

EE by economic units: Table 2.2.A-3. Land cover class extent by marzes in 2022 by Government-reported data, ha 
 

Tree-covered 
areas 

Grasslands Shrub-covered 
areas 

Vegetation-
free areas 

Water covered 
areas 

Cultivated Buil-up 

Aragatsotn 8571.9 163313.3 392.5 20565.3 2189.9 67143.7 15095.6 

Ararat 12724.74 99272.39 2496.22 35572.84 7090.2 40224.09 11061.98 

Armavir  582.41 29283.57 634.13 17666.4 3010.438 60572.6 11345.59 

Gegharkunik 21889.88 238054.4 3635.07 39933.93 124010.7 90318.54 17289.28 

Kotayk 20810.43 102757.6 2313.48 20405.93 1661.12 45813.84 13820.73 

Lori  86365.8 200387.6 4830.7 23510.69 4751.58 48300.81 11717.3 

Shirak  4598.8 144403.9 0 13622.23 3427.13 83846.24 18128.89 

Syunik 80905.01 194761.5 15742.25 91253.96 5576.07 47958 14345 

Tavush  133659.9 82690.46 2943.31 10681.01 1094.24 31359.26 7970.77 

Vayots Dzor 28325.5 114823.3 1147.9 60825.9 923.4 20109.42 4857.7 

Yerevan 1845.1 1001.2 0 1133.29 155.61 3283.62 14909.08 

Armenia 400279.5 1370749 34135.56 335171.5 153890.4 538930.1 140541.9 

 

Extent of land cover classes by Esri land cover data (Section 2.2.B) 

Transition matrix: Table 22 B-3. Land cover class transition matrix from 2017 to 2023, km2 
 

Tree 
cover 

Grasslands Bare 
ground 

Snow/ 
Ice 

Water Flooded 
veg. 

Crops Built-up Total 
area in 
2017 

Reduc-
tion 

Tree ŎƻǾŜǊ Ҧ 2909.87 362.79 0.02 0.05 0.58 0.02 3.74 2.72 3279.79 369.92 

GrassƭŀƴŘǎ Ҧ 224.03 19221.76 2.12 7.56 13.46 1.74 940.92 114.62 20526.21 1304.45 

Bare ground Ҧ 0.05 75.63 29.67 3.70 1.97 0.24 2.10 2.59 115.94 86.27 

Snow/Ice Ҧ 0.01 0.49 0.04 0.33 0.01 0.00 0.02 0.06 0.96 0.63 

Water Ҧ 0.44 8.74 2.29 0.04 101.20 0.47 7.41 1.53 122.12 20.92 

Flooded veg. Ҧ 0.05 3.34 0.05 0.00 4.48 4.78 1.81 0.87 15.37 10.59 

Crops Ҧ 3.04 444.42 0.42 0.29 6.62 1.18 2478.53 97.21 3031.70 553.17 

Built-upҦ 3.27 25.79 0.76 0.03 0.50 0.02 14.40 1335.95 1380.72 44.77 

Total area in 2023 3140.75 20142.95 35.35 12.00 128.82 8.46 3448.92 1555.56 28472.82  

Expansion 230.88 921.19 5.69 11.67 27.62 3.68 970.39 219.61 
 

2390.73 
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EE accounting table: Table 2.2.B-4. The Land-cover class extent in 2017 and 2023, based on Esri data, km2 

 Trees Grass Bare ground Snow/Ice Water Flooded veg. Crops Built-up 

1. Opening extent in 2020 3279.79 20526.21 115.94 0.96 122.12 15.37 3031.70 1380.72 

2. Additions to extent 230.88 921.19 5.69 11.67 27.62 3.68 970.39 219.61 

3. Managed expansion NA 

4. Unmanaged expansion NA 

5. Reductions in extent 369.92 1304.45 86.27 0.63 20.92 10.59 553.17 44.77 

6. Managed reductions NA 

7. Unmanaged reductions NA 

8. Net change in extent -139.04 -383.26 -80.59 11.04 6.70 -6.91 417.22 174.83 

9. Closing extent in 2024 3140.75 20142.95 35.35 12.00 128.82 8.46 3448.92 1555.56 

 

EE by economic units: Table 2.2.B-2. The extent of land cover classes in 2023 by marses based on Esri data, km2  
 

Grasslands Trees Bare ground Snow/Ice Flooded veg. Water Crops Built Area Total 

Aragatsotn 2,096.86 48.25 3.48 6.38 0.00 3.50 438.49 139.17 2,736.12 

Ararat 1,560.01 26.20 6.94 0.04 6.74 32.42 305.46 177.10 2,114.91 

Armavir  461.83 0.55 2.05 0.00 0.15 7.10 609.26 182.76 1,263.70 

Gegharkunik 3,239.85 129.56 4.28 0.94 0.65 1,274.08 404.99 193.66 5,248.00 

Kotayk 1,508.64 153.10 1.08 1.60 0.00 2.57 265.38 182.43 2,114.80 

Lori  2,424.92 883.74 2.83 0.31 0.79 3.81 298.87 147.73 3,763.00 

Shirak  1,784.67 13.43 0.91 2.47 0.00 31.48 742.89 142.79 2,718.63 

Syunik 3,650.25 507.74 12.65 0.09 0.02 15.86 233.22 73.53 4,493.35 

Tavush  1,227.75 1,316.33 0.05 0.04 0.02 4.35 82.03 95.67 2,726.24 

Vayots Dzor 2,174.55 38.13 2.51 0.35 0.00 2.35 33.28 45.37 2,296.54 

Armenia 20,185.02 3,117.51 37.33 12.21 8.39 1,378.29 3,422.08 1,547.66 29,708.49 

 

Extent of natural vegetation types (Section 2.3) 

Transition matrix: Table 2.3.C-1. Aggregated vegetation type transition matrix from 2017 to 2023, km2 
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Alpine veg. 1642.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.2 2.3 0.1 1645.9 3.0 

Subalpine 
meadows 

0.0 4216.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 19.6 0.5 60.9 2.9 4300.5 83.8 

Meadow-
steppe 

0.0 0.0 2552.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10.9 2.3 270.0 6.2 2841.5 289.4 

Steppe 0.0 0.0 0.0 5039.5 0.0 0.0 0.0 0.0 0.0 0.0 11.3 1.0 370.2 21.3 5443.2 403.8 

Grassl. in 
forest zone 

0.0 0.0 0.0 0.0 2628.1 0.0 0.0 0.0 0.0 0.0 143.6 1.4 54.9 22.2 2850.2 222.1 

Juniper 0.0 0.0 0.0 0.0 0.0 127.5 0.0 0.0 0.0 0.0 0.9 0.0 0.2 0.2 128.8 1.2 

Broadleaf 
woodland 

0.0 0.0 0.0 0.0 0.0 0.0 640.4 0.0 0.0 0.0 36.2 2.5 24.9 6.6 710.6 70.2 

Semi-
desert 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 2274.9 0.0 0.0 1.1 4.4 142.5 55.8 2478.5 203.6 

Desert 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.8 0.0 0.0 0.0 0.0 0.3 7.1 0.3 

Marsh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 212.5 0.2 5.1 17.1 1.9 236.8 24.3 

Forests 3.2 62.5 11.4 22.7 238.5 2.0 18.8 3.3 0.0 0.4 2909.9 0.6 3.7 2.7 3279.8 369.9 

Water/ 
flooded 
veg. 

0.2 0.4 1.2 0.8 1.8 0.0 0.6 4.2 0.0 5.3 0.5 110.9 9.2 2.4 137.5 26.6 

Crops 1.3 12.6 20.3 162.8 21.8 0.0 35.5 179.1 0.1 11.5 3.0 7.8 2478.5 97.2 3031.7 553.2 

Built-up 0.1 1.4 2.4 6.8 6.6 0.2 2.3 6.0 0.0 0.8 3.3 0.5 13.7 1336.6 1380.7 44.1 

Total area 
in 2023 

1647.6 4293.5 2587.4 5232.6 2896.8 129.7 697.7 2467.6 6.9 230.6 3140.7 137.1 3448.2 1556.3 28472.8 2295.46 

Expansion 4.8 76.9 35.3 193.1 268.8 2.2 57.2 192.7 0.1 18.0 230.9 26.2 969.7 219.7 2295.5  
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EE accounting table: Table 2.3.˿ -2. Accounting table of vegetation type extent for 2017 and 2023, km2 

 
Alpine 
vege-
tation 

Sub-
alpine 
mea-
dows 

Mea-
dow-

step-pe 
Steppe 

Grassl. 
in 

forest 
zone 

Juni-
per 

Broad-
leaf 

wood-
land 

Semi-
desert 

Desert Marsh Forests 

Opening 
extent in 
2017 

1645.93 4300.46 2841.47 5443.24 2850.19 128.78 710.63 2478.53 7.06 236.81 3279.79 

Additions to 
extent 4.76 76.90 35.29 193.11 268.77 2.17 57.23 192.71 0.06 18.04 230.88 

Managed 
expansion NA 

Unmanaged 
expansion NA 

Reductions 
in extent 3.05 83.84 289.36 403.76 222.11 1.24 70.20 203.62 0.27 24.26 369.92 

Managed 
reductions NA 

Unmanaged 
reductions NA 

Net change 
in extent 1.71 -6.94 -254.06 -210.66 46.66 0.93 -12.97 -10.92 -0.21 -6.22 -139.04 

Closing 
extent in 
2024 

1647.64 4293.52 2587.41 5232.59 2896.85 129.71 697.67 2467.61 6.85 230.59 3140.75 

Additional row ς see Section 4 
Closing 
extent in 
2024 of 
ecosystems 
unconverted 
since 2017  

1642.88 4216.62 2552.11 5039.48 2628.08 127.54 640.43 2274.91 6.79 212.55 2909.87 

 

EE by economic units: Table 2.3.D-1. The extent of natural vegetation types by marzes in 2023, km2 
 

Alpine 
vegetation 

Subalpine 
meadows 

Meadow-
steppe 

Steppe Forest Juniper 
Broadleaf 
woodland 

Semi-
desert 

Desert Marsh 

Aragatsotn 202.59 106.04 524.94 525.73 48.88 0 0 743.31 0 7.05 

Ararat 37.16 64.63 30.77 751.66 187.13 0 9.46 470.97 6.89 64.27 

Armavir 0 0 0 0 0 0 0 456.02 0 7.73 

Gegharkunik 391.05 1307.91 405.23 824.14 334.03 20.62 10.63 0 0 92.94 

Kotayk 113.68 208.24 234.95 451.72 370.1 0 1.68 279.08 0 8.18 

Lori 44.06 904.53 656.93 362.86 1224.23 0 73.41 0 0 31.88 

Shirak 126.14 397.7 408.82 819.41 0 0 0 17.15 0 53.23 

Syunik 530.55 878.07 295.18 803.66 1337.58 13.74 164.17 115.78 0 12.95 

Tavush 0.31 275.54 0 11.81 1541.85 0 701.92 0 0 0 

Vayots Dzor 212.47 390.5 78.74 773.48 280.41 100.79 4.65 369.73 0 1.47 
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3. Ecosystem services  
 

3.1. Regulating ES 

3.1.A. Methods of assessment of water-related regulating ES 

3.1.A1. General modeling framework  

Four of the six regulating and maintenance services assessed are closely linked to the water cycle via 
evapotranspiration and indicators of surface runoff and baseflow. They were assessed using the InVEST (Integrated 
Valuation of Ecosystem Services and Tradeoffs) integrated tool:  

- Seasonal water flow regulation and baseflow provision (InVEST Seasonal Water Yield);  
- Prevention of soil water erosion and sediment export in waterbodies (InVEST Sediment Delivery Ratio);  
- Flood risk mitigation (InVEST Urban Flood Risk Mitigation); 
- ˿ ƻƻƭƛƴƎ ŜŦŦŜŎǘ ƻŦ ǘŜǊǊŜǎǘǊƛŀƭ ŜŎƻǎȅǎǘŜƳǎ όLƴ±9{¢ ¦Ǌōŀƴ /ƻƻƭƛƴƎύ. 
The modeling framework simulated current (2023) and past (2017) conditions, as well as alternative land-cover 

scenarios, to evaluate ecosystem services (ES) provided by terrestrial ecosystems and to detect changes in these services 
(Figure 3.1.A1-1). To calculate ES values across the different EAAs, we used the administrative boundary map from the 
Forest Atlas of Armenia and the vegetation map developed under the project (Section 2.3). A comparison of the modeling 
results with Armstat water-use data was conducted to assess the supplyςuse balance, thereby demonstrating the 
relevance of ES accounting data for evidence-based decision-making on water use and territorial development. 

 

Figure 3.1.A1-1. Flow-chart of ES assessment. 

https://biodiversity-armenia.am/services/
https://biodiversity-armenia.am/index.php/seea-ea/ongoing-projects/project-tasks/seasonal-water-yield/
https://biodiversity-armenia.am/index.php/seea-ea/ongoing-projects/preliminary-results-on-ea/erosion/
https://biodiversity-armenia.am/index.php/seea-ea/ongoing-projects/preliminary-results-on-ea/floods/
https://biodiversity-armenia.am/index.php/seea-ea/ongoing-projects/preliminary-results-on-ea/cooling-effect/
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3.1.A2. The InVEST models used 

The ES of seasonal water flow regulation and baseflow provision was estimated and mapped with InVEST Seasonal 
Water Yield (SWY) model which estimates the impact of terrestrial ecosystems on the total amount of water flow and its 
seasonal redistribution. Based on monthly precipitation, reference evapotranspiration, soil permeability, topography, 
and the land use/land cover (LULC), the model calculates two key indicators: quick flow and baseflow. Quick flow 
represents the portion of precipitation that runs off during or shortly after a rain event (within hours to days). Baseflow 
is the portion of precipitation that gradually enters streams through subsurface flow with watershed residence times 
ranging from months to years. Baseflow plays a crucial role in maintaining water flow during dry periods and mitigating 
the impacts of drought. 

The ES of prevention of soil water erosion and sediment export in waterbodies was estimated and mapped with 
InVEST Sediment Delivery Ratio (SDR) model which estimates the impact of terrestrial ecosystems on soil water erosion 
and sediment export into streams. The model relies on the widely used Universal Soil Loss Equation (USLE) and Sediment 
Delivery Ratio that estimates the ratio between the amount of sediment eroded from each land pixel, the amount of 
sediment that is trapped along the flow path downslope from this pixel, and the amount of sediment that reaches a 
stream. Based on rainfall erosivity, soil erodibility, topographic, and LULC data, the model calculates potential and 
avoided erosion and sediment export into streams. Thus, the model evaluates and maps two ecosystem services 
simultaneously: prevention of soil water erosion and ensuring water flow quality. 

The ES of flood risk mitigation was estimated and mapped with InVEST Urban Flood Risk Mitigation (UFRM) model 
which calculates two main indicators: (1) the runoff retention, i.e., the amount of runoff retained by soil and vegetation 
when modeling rainfall; (2) the runoff (Q), mm, which is a potentially hazardous factor that can cause flooding. These 
calculations were based on LULC, soil hydrologic groups, watersheds and climate data. 
˿ƻƻƭƛƴƎ ŜŦŦŜŎǘ ƻŦ ǘŜǊǊŜǎǘǊƛŀƭ ŜŎƻǎȅǎǘŜƳǎ ǿŀǎ ŜǎǘƛƳŀǘŜŘ ŀƴŘ ƳŀǇǇŜŘ ǿƛǘƘ Lƴ±9{¢ ¦Ǌōŀƴ /ƻƻƭƛƴƎ ό¦/ύ model which is 

primarily aimed at assessing the cooling effect of green spaces within urban areas. However, it also allows for evaluating 
this effect over large areas outside of cities. Since the assessment of urban ES is not a goal of our project, we focused on 
the ES of areas outside settlements. We used the Cooling Capacity Calculation Method, which estimates cooling capacity 
based on evapotranspiration, albedo, shade (the proportion of area that is covered by tree canopy), air temperature in a 
rural reference area, and the Urban Heat Index (UHI), i.e., the difference between the rural reference temperature and 
the maximum temperature observed in the city. We modeled this ES for the hottest season in ArmeniaτJuly and August. 

Detailed descriptions of the models can be found in the above-mentioned sections of the InVEST website and in the 
InVEST User Guide (Natural Capital Project).  

3.1.A3. Model inputs 

Table 31 A3-1. Model inputs 

Data Type Models Sources Resolution Notes 

LULC SWY, 
SDR, 

UFRM, 
UC  

Esri land cover data 10 m Data for 2017 and 2023 

Soil hydrologic 
groups 

SWY, 
SDR, 

UFRM 

Soil map of Armenia from 
(Interactive Forest Atlas) 

Vector map The hydrological soil groups were defined in accordance with 
USDA recommendations (The United States, 2009): Aτslightly 
and moderately stony sand; very stony sandy loam; Bτslightly 
and moderately stony sandy loam; very stony loam; Cτslightly 

and moderately stony loam; very stony clay; Dτslightly and 
moderately stony clay. The obtained map of soil hydrologic 

groǳǇǎ ƛǎ ǇǊŜǎŜƴǘŜŘ ƻƴ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ǿŜōDL{ 
https://bccarmenia.nextgis.com  

Soil erodibility (K-
factor) 

SDR Soil map of Armenia from 
(Interactive Forest Atlas) 

Vector map A soil erodibility map was obtained on the basis of soil textures 
using the following coefficients from the InVEST User Guide 

(Natural Capital Project): 0.0290 for clay, 0.0395 for loam, 0.0171 
for sandy loam, 0.0026 for sand. 

Digital elevation 
model 

SWY, SDR https://dataspace.copernic
us.eu/explore-data/data-
collections/copernicus-

contributing-
missions/collections-
description/COP-DEM  

30 m - 

Watershed 
boundaries 

SWY, 
SDR, 

UFRM 

HydroSHEDS 
https://www.hydrosheds.o
rg/products/hydrobasins  

Vector map The analysis was made for parts of watersheds that are located on 
the territory of Armenia: Aghstev, Akhuryan, Arpa, Debed, 

Hrazdan, Metsamor, and Vorotan (Figure 31A3-1) 

https://biodiversity-armenia.am/index.php/seea-ea/ongoing-projects/project-tasks/seasonal-water-yield/
https://biodiversity-armenia.am/index.php/seea-ea/ongoing-projects/project-tasks/seasonal-water-yield/
https://biodiversity-armenia.am/index.php/seea-ea/ongoing-projects/preliminary-results-on-ea/erosion/
https://biodiversity-armenia.am/index.php/seea-ea/ongoing-projects/preliminary-results-on-ea/erosion/
https://biodiversity-armenia.am/index.php/seea-ea/ongoing-projects/preliminary-results-on-ea/floods/
https://biodiversity-armenia.am/index.php/seea-ea/ongoing-projects/preliminary-results-on-ea/cooling-effect/
https://bccarmenia.nextgis.com/
https://dataspace.copernicus.eu/explore-data/data-collections/copernicus-contributing-missions/collections-description/COP-DEM
https://dataspace.copernicus.eu/explore-data/data-collections/copernicus-contributing-missions/collections-description/COP-DEM
https://dataspace.copernicus.eu/explore-data/data-collections/copernicus-contributing-missions/collections-description/COP-DEM
https://dataspace.copernicus.eu/explore-data/data-collections/copernicus-contributing-missions/collections-description/COP-DEM
https://dataspace.copernicus.eu/explore-data/data-collections/copernicus-contributing-missions/collections-description/COP-DEM
https://dataspace.copernicus.eu/explore-data/data-collections/copernicus-contributing-missions/collections-description/COP-DEM
https://www.hydrosheds.org/products/hydrobasins
https://www.hydrosheds.org/products/hydrobasins
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Climate data  
(annually and 

monthly 
precipitation and 

temperature) 

SWY, 
UFRM< 

UC 

https://www.worldclim.or
g/data/index.html  

30 arc 
seconds * 

The amount of liquid precipitation has been adjusted to take into 
account the snow period (see below) 

Rain events table SWY, 
UFRM 

http://armenia.pogoda360
.ru  

 The number of rainy days for each climatic zone was calculated as 
the average for several cities located within that zone. In the 
moderate-cool climate zone, where there are no cities, the 

average data for this zone is based on three cities situated near its 
border https://biodiversity-armenia.am/en/seea-ea/ongoing-

projects/preliminary-results-on-ea/seasonal-water-yield  

Climate zones of 
Armenia 

SWY, 
SDR, UC, 
UFRM 

The map of climate zones 
of Armenia (Interactive 

Forest Atlas) 

Vector map The digital vector map of climate zones of Armenia was 
generalized to the four climate zones: (1) Arid; (2) Moderate dry; 

(3) Moderate cool; (4) Moderate humid. For details, see the 
ǇǊƻƧŜŎǘΩǎ WebGIS https://bccarmenia.nextgis.com 

Figure 31A3-2 

Monthly refe-
rence evapotrans-

piration (ET0)  

SWY, UC https://cgiarcsi.community
/data/global-aridity-and-

pet-database  

30 arc 
seconds * 

- 

Crop coefficients 
Kc 

SWY, UC https://www.fao.org/4/X0
490E/x0490e0b.htm; 

https://www.fao.org/4/x0
490e/x0490e0h.htm#froze
n%20or%20snow%20cover

ed%20surfaces  

 Kc was determined for the four climate zones. The used Kc is 
presented at the project website https://biodiversity-

armenia.am/en/seea-ea/ongoing-projects/preliminary-results-on-
ea/seasonal-water-yield 

Crop vegetation 
periods  

SWY, UC https://www.fao.org/giew
s/earthobservation/countr
y/index.jsp?code=ARM#  

 Vegetation periods were determined for the four climate zones 

Leaf Area Index SWY, UC https://land.copernicus.eu
/en/products/vegetation/l
eaf-area-index-300m-v1.0  

 The LAI values for dates in the middle of the month were used 

Curve numbers 
(CN) 

SWY, 
UFRM 

Asante et al., 2008; Hong 
and Adler, 2008, United 

States, 1986 

 Coefficients for medium hydrological conditions and vegetation 
states were used. For croplands and rangelands, differences in 
climatic zones were considered http://armenia.pogoda360.ru  

C-factor for crops SDR Panagos et al., 2015  C-factor was defined as average values for Europe: 0.3 for crops 
and sparse vegetation, 0.05 for rangelands (average between 

pastures and low productive grasslands), and 0.0014 for forests 
(average value for Southern European countries). C-factor was 
considered equal to zero for water, flooded vegetation, built 

areas, and snow/ice on the InVEST recommendations. 

P-factor SDR -  P-factor was considered equal to 1 because we did not take into 
account special anti-erosion measures 

Rainfall erosivity SDR https://esdac.jrc.ec.europ
a.eu/content/global-

rainfall-erosivity 

30 arc sec *  

Albedo UC Panagos et al., 2015  The following albedo values were used for land cover classes: 
water and flooded vegetation 0,6; trees 0.15; rangeland 0.2; crops 

0.2; built-up area 0.17; bare ground 0.25; snow/ice 0.9 

Shade  SDR -  The following shade values were used for land cover classes: built-
up ς 0.2; forests ς 1.0; croplands, taking into account the share of 
orchard area, in the arid climate zone ς 0.35, in the moderate-dry 
and moderate-cool zones ς 0.03, in the moderate-humid zone ς 

0.34, other land cover classes ς 0. 

UHI effect UC Yale Center for Earth 
Observation (YCEO), 
Global Surface UHI 

Explorer 
https://yceo.users.earthen
gine.app/view/uhimap?ut
m_source=chatgpt.com  

 The UHI value was set to zero 

ϝ !ǘ ƭŀǝǘǳŘŜ плϲΣ ол ŀǊŎ ǎŜŎƻƴŘǎ ŎƻǊǊŜǎǇƻƴŘ ǘƻ ŀƴ ŀǊŜŀ ƻŦ ŀǇǇǊƻȄƛƳŀǘŜƭȅ тлф ōȅ офл ƳΦ 

For the SWY, SDR and UFRM models, we used those portions of level-6 watersheds that lie within Armenia. These 
parts of the watersheds are further named after their largest rivers (Figure3.1.A1-3a): 
ς Aghstev (involves Getik and Voskepar tributaries) 
ς Akhuryan 
ς Arpa (involves the Arpa River, the Azat River and the Vedi River) 
ς Debed (involves Pambak and Dzoraget tributaries) 

https://www.worldclim.org/data/index.html
https://www.worldclim.org/data/index.html
http://armenia.pogoda360.ru/
http://armenia.pogoda360.ru/
https://biodiversity-armenia.am/en/seea-ea/ongoing-projects/preliminary-results-on-ea/seasonal-water-yield
https://biodiversity-armenia.am/en/seea-ea/ongoing-projects/preliminary-results-on-ea/seasonal-water-yield
https://bccarmenia.nextgis.com/
https://cgiarcsi.community/data/global-aridity-and-pet-database
https://cgiarcsi.community/data/global-aridity-and-pet-database
https://cgiarcsi.community/data/global-aridity-and-pet-database
https://www.fao.org/4/X0490E/x0490e0b.htm
https://www.fao.org/4/X0490E/x0490e0b.htm
https://www.fao.org/4/x0490e/x0490e0h.htm#frozen%20or%20snow%20covered%20surfaces
https://www.fao.org/4/x0490e/x0490e0h.htm#frozen%20or%20snow%20covered%20surfaces
https://www.fao.org/4/x0490e/x0490e0h.htm#frozen%20or%20snow%20covered%20surfaces
https://www.fao.org/4/x0490e/x0490e0h.htm#frozen%20or%20snow%20covered%20surfaces
https://biodiversity-armenia.am/en/seea-ea/ongoing-projects/preliminary-results-on-ea/seasonal-water-yield
https://biodiversity-armenia.am/en/seea-ea/ongoing-projects/preliminary-results-on-ea/seasonal-water-yield
https://biodiversity-armenia.am/en/seea-ea/ongoing-projects/preliminary-results-on-ea/seasonal-water-yield
https://www.fao.org/giews/earthobservation/country/index.jsp?code=ARM
https://www.fao.org/giews/earthobservation/country/index.jsp?code=ARM
https://www.fao.org/giews/earthobservation/country/index.jsp?code=ARM
https://land.copernicus.eu/en/products/vegetation/leaf-area-index-300m-v1.0
https://land.copernicus.eu/en/products/vegetation/leaf-area-index-300m-v1.0
https://land.copernicus.eu/en/products/vegetation/leaf-area-index-300m-v1.0
http://armenia.pogoda360.ru/
https://esdac.jrc.ec.europa.eu/content/global-rainfall-erosivity
https://esdac.jrc.ec.europa.eu/content/global-rainfall-erosivity
https://esdac.jrc.ec.europa.eu/content/global-rainfall-erosivity
https://yceo.users.earthengine.app/view/uhimap?utm_source=chatgpt.com
https://yceo.users.earthengine.app/view/uhimap?utm_source=chatgpt.com
https://yceo.users.earthengine.app/view/uhimap?utm_source=chatgpt.com
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ς Hrazdan (involves two parts ς Lake Sevan drainage basin and its outlet River Hrazdan) 
ς Metsamor (involves Kasagh tributary) 
ς Vorotan (involves Vorotan River, the Voghji River, and the Meghri River). 
Note that these are not the basins of the named rivers themselves, but the portions of larger basins, named after the 

largest river present in each portion. 
For comparing ES supply and use, it is important that the watershed boundaries largely coincide with marz boundaries 

(Figure 3.1.A1-3b).  

 

Figure 3.1.A3-1. Watersheds used for ES modeling: a) Watersheds and points of cumulative baseflow values in the lower 
reaches of rivers; b) Boundaries of marzes and watersheds, the boundaries and names of the marzes are shown in black; 

the watersheds are shown in different colors with blue labels. 

 

 

Figure 3.1.A3-2. Generalization of climate zones for ES modeling 

a 

b 

The map of climate zones from the 
Forest Atlas of Armenia 

The map of 
generalized climate 

zones  


