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Prototype Ecosystem Accounting of Armenia Summary

Summary

Context and aim

Armenia has begun developing a national accounting system aligned with the UN System of EnvireBRowergalic
Accountingq Ecosystem Accounting (SEEA EA), starting with water accounting. The Governmental Decision on the
classification of land cover in R2019) initiated the first step toward ecosystem accounting by establishing extent
accounts for lanetover classes. To support this move toward establishing national ecosystem accounting, a first version
of Ecosystem Accounting Prototype (EA PV1) wasextegimed at the following core objectiveBhe EA PV1 provides
physical accounting for ecosystem extent (EE) and 13 main ecosystem services (ES) in Armenia, covering all ES
categories regulating, provisioning, recreational, and intangible (Section 1).

Policy relevance of EA PV1

Data for ntegration of ecosystem values into economic and environmental decismaking

The total value of ES potential demonstrate their key importance for the economy and population of A(Beztian
35ptSNNBaGNRFf SO2a2daiSya RMHAXRSI 2dfoehsunkgeSddidiGdilEy & sunmer S ¥ 2
and during droughts, which is critically important for Armemiegsystems prevent more than 90% of soil water erosion
(140 Mt/year) and over 95% of sediment delivery to streams and water bodiddt(§8ar), thereby protecting soils and
maintaining water qualityecosystans reduce spring and early summer flood risk by increasing runoff retention by 11%
(119million miyiand decreasing quick flow 32%during extreme spring rainfaffiorests cool the land surface in summer
due to water evaporation, increasiran averagecooling capacity by 21%otal carbon stock in soils and tree biomass
amounts to151 MtC; natural grasslands provide fodder for one million of livestock umitk] insects coulghotentially
pollinate almost the entire area of agricultural crops.

Data to support informed biodiversity conservation decisianaking

Ecosystem extentaccounting(Sections 2.82.5) captures diversity of terrestrial ecosystenassesses ecosystem
rarity; tracks changes in ecosystem extent; evaluates the contribution of differegibnsto the conservation of
ecosystem diversity in Armeni@he most widespread natural ecosystems in Armenia are steppe and subalpatmws
SEOSSRAY3 pznnn 1 Yu [S¢dion 2.3 mDesertdeosystenbfBripedSvaoillandsSdn@ marshes
have the smallest areag, 130 and27Q Yu = NB A LI® @ IR Q1&sE¥han 1% of Armenia's argSection 2.3.B)
Ecosystemarity 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 maver, Ararat marz is the most
AYLRNIIFYyG FT2NI O2yaSNBAYy3I ! N¥SyAl Qa SO02aeéa{@SéconRIAISNEA (&

Data on changes in ecosystem extent help identify threatened ecosystem types, while transition matrices reveal the
processes driving these changes. BaseHsnitand cover data, the total area of natural ecosystems in Armenia decreased
08 pTydd 1Yy ObHOPE:0® ¢KS Yzald -adSymisSABDgae b RYDISAYE
relative to their area in 2017). The very small absolute decreases itesand deserts correspond to noticeable relative
declines of 2.6% and 3%, respectively. The largest losses of natural ecosyptanerily steppe and meadowteppe
occurred in the marzes of Shirak, Lori, Gegharkunik, and Aragatsotn. The most extersgigeviantransitions were
20aSNIBSR F2NJ INFaaftlyRa O2y@SNISR Ayid2 ONR ListeppaRal® Ly L
1Yy 2RS&SWX &z YR cwm {Yu 2F adzomlfLAYS YSIR24a 6SNBE O2y

Landuseplanning andsustainableecosystemuse tomaintain 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 dexisicgrs identify the ecosystem
types that are mosimportant 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 nstegpe ecosystems
play the most important role, providing KS f I NBSad | yydzZt olFaS¥t2¢ @eaf, dzySa
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 neforested regions, grasslands play a critical role. Subalpine, meathppe, steppe,
and meadowecosystems 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 ops 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 informedegisigron
whether ES use should be irased or reduced. For example, the ES of baseflow provisioning is insufficient to meet the
needs of the economy and population in two basifdetsamor and Hrazdanwhere water consumption exceeds
baseflow volume, while in other watersheds baseflow exceedem@nsumption severdimes (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 byressiands,
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 whethegrizaetidn is taken into
account (Section 3.2.A3).

Landuse planning forclimate changemitigation

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 laisé planning aimed at mitigating climate change at both global and local
scales. It higlights 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 Armeniapproximately 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,sgtands within forest zones, and forests, which contain around 60 tC/ha.
Regarding local climate regulation, forests provide cooling of -sagace air during summer. In forested marees
Tavush, Lori, and Syunilthey increase the cooling capacity of laralver by 77%, 57%, and 36%, respectively, and on
average across Armenia by 21% (Section 3.1.E).

Landuseplanning fornatural hazardrisk 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 measurs in areas where the loss of ecosystem fumtsi could lead to increased damage, higher public costs,
or greater risks for local communities. Ecosystems reduiekNXzy 2 F ¥ o6& |y @SN} 3IS 2F n YY
NBGiSyiAzy o6& nn YwkKlI o0bmMM:0 RdNAY3I SEGNBYS EALINAY3I NI A
volume is highest in the marzes of Syunik and Gegharkunik, where mountairagdsssiake a substantial contribution,
and lowest in Armavir marz. Among vegetation types, steppe and subalpine meadows contributesthevhile 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, excegi¢serts 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 landuseon ecosystem services

Inthe EA PV1, changes in ES were estimated as a result afdaadchange. The overall 2.5% reduction in the extent
of natural ecosystems from 2017 to 2023 led to a;@.3% decline in the potential of all quantitatively assessed ES. The
most affected ES&NB OF Nb2y adG2NFr3IS oO0bHOT203X FiE22R YAGAIIGAZ2Y
LINERAzOGA2Y ObHOM:0 O0{SOGA2Y odp0® ¢KS&S NBadzZ Ga Of SI NI ¢
the overall supply of ES and their sigatlistribution. 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 andintegration

The9! t+m A& FEAIYSR 6AGK GKS 2@SNI NOKAYy3I LINAYOALX Sa |
international processes in the fields of ecosystem accounting and biodiversity proteEtiereA PV1 includes indicators
and maps consistent with the frameworkstbe following international initiatives:

- System of Environment&conomic Accounting Ecosystem Accountin®EEA EA) cosystem extenand ecosystem services
accounting (Secti@R and 3;

- Integrated Natural Capital Accounting in the European U(iEn INCA)ecosystem service accounting (Section 3), subsections
about ES potentialise balance

- Convention on Biological Diversity (CBDY Global Biodiversity Framework (GBF) cosystem extenand ecosystem services
accounting (Sectio#);

- Glokal Ecosystem Atlas (GE&he map of ecosystems$éction 2.7,

- Red List of Ecosystems (RoBHpternational Union for Conservation of Nature (IUCK)Jtent 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 E2Ed GEA, ecosystem extent data should be recalculated
accordirg to the IUCN GET as presented in SectionEt@system service accounting data should also be recalculated in accordance
with the IUCN classification.

Data andmethodologicalgaps forinitiating ecosystemaccountingin Armenia

Lack of a reliable, regularly updated national land cover datas@lobal datasets show discrepancies with
governmentNB LJ2 NIi SR RFGF 2F Fo2dzi Hm: 2 FSediénd.1.HRodBEAPNE s | NS |
dataset was selected, as it enables the assessment of changes in ecosystem extent (EE) and ecosystem services (ES
between 2017 and 2023. Governmemgported land cover data currently lack digital maps and therefore cannot support
ES GIS modelling or tkhenstruction of land cover trartgdn matrices, as recommended by the SEEAJe&tion 5.1.B)

Absence of a detailed ecosystem mapA PV1 relies on a generalized vegetation map developed based on previous
academic studies by Armenian geobotanists. A consistent;raigbiution national ecosystem map is needed for accurate
ecosystem extent accounting and to support informed biodivgrsinservation decisiemaking(Section 51.C)

Data gaps for ES modelling and mappiigpme data required for ES assessment were sourced from global databases
and the literature due to the lack of availability in national ofstess databases. Limited national monitoring data and
missing information (e.g., on ES use) constrain comprehensésessment. ES modelling for national ecosystem
I 0O02dzyiAy3a aKz2dzZ R 6S o6FaSR 2y RIFilF @GSNAFTASR GKNRAAK A
geodesy, and cartography servid&ection 53.A)

ScopinglevelESmodels The scopindevel 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 dataelated steps for terrestrial ecosystem accounting are as follows (Section 6):

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

1 Produce a detailed national ecosystem maping Gl$ased methods, land cover data, and the Ecological Land
Units (ELU) approach.

1 Compile national and regional databases of ES modelling coefficiezdstaining 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.

1 Design a framework for integrating scopirgfage ES model8@nVEST 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 Environrriecdalomic Accounting framework (SEEA
EA)(United Nations, 202), 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. THEINR 2S5 O0G A& FdzyRSR o6& (KS DSNXIYy CSRSNJI f
Program (AAP) for environmental protection in the countries of Central and Eastern Europe, the Caucasus and Central
Asia and other countries neighboring the European Unids.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 EnvironmentaEconomicAccounting Ecosystem Accounting
(SEEA EA)

Sustainable development is impossible without an understanding of ecosystems, the services that they provide to
humans, and the changes they underdtis challenge is addressed by EA, which has been rapidly evolving in recent
years. In 2024, 94 countries conducted accourtibg varying extents under SEEACentral Framework (SEEA @Rl
53 countries also compile the SEEA Ecosystem Accounting (SEEA EA) and/or thematic @EBénGlobal assessment,
2024, In particular, the INCA project has launchedlatfEAfor EU countrie§European Commission, 2021

The B constitutesa statistical framework for organizing data aboetosystemsand ecosystem services, tracking
changes in themEAdata are needed for the following tasks: make visible and understandable to people the material
and norrmaterial contribution of living nature to their welleing; to assess and track the state of ecosystems and their
services; to identify and track the impact of human activities on the sthezosystems and their services; to provide an
information basis for decisiemaking in order to maintain and sustainably use ecosystems and ecosystem services.

The SEEA EA is built on a few core accq#igsire 12-1):

1. Ecosystem extenfEERccountsecordthe sizeof ecosystemsf different typesand changes in it. Ecosystem extent
is usually measured in terms of spatial area but may also be measured in terms of length or \Eosystem extent is
accounted for within ecosystem accounting areas (EARS)., a nation, province, river basin, or protected ardzy
ecosystem type.

2. Eosystem conditioraccounts record the condition of ecosysterand the changesin it providing valuable
information on the health of ecosystems.

3. & 4. [Eosystem serviceEShccounts (physical and monetary) record the suppliggy ecosystems and the use
of thoseEShy economic units, including households.

5. Monetary ecosystem assatcounts record on stocks drchanges in stocks of ecosystem assets.

STOCK ACCOUNTS FLOW ACCOUNTS

(& change in stocks)

Ecosystem Figurel 2-1: Ecosystem accounts and how they
service

(flow & use) relate to each other
(https://seea.un.org/ecosysteraccounting.
Accounts included iRV1are highlightal in red.

Ecosystem
service

Ecosystem

asset account
(stocks &
change in stock)

Physical
accounts

(flow & use)

Monetary
accounts

1 SEEA Global assessment, 2024. https://seea.un.org/content/gassassmenenvironmentaleconomieaccounting
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1.3. Ecosystenaccountingin 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 (StggeAslindicatedy the2024 SEEA Global Assessméntenia
compiles water accountsspecifically, physical and monetary supplyd-use tables for watért which arepublished
onthe website of Statistical Committee of the Republic of Arméaiastai)®

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

TheDecision of the Government of the Republic of Armenia in April 11, 2019-n®48h y | LILINR @t 2 F (K
F2NJ Of FaaAFAOFGAZ2Y 2F GKS detoyt e feagr@nvBriifor 2he andiuil ccourBingdabttieA O 2
areas of the main landover classes in Armenia, based on the results of current land accounting in communities, marzes
(provinces), and nationwideAccounts should be compiled for the following lacmler classesCultivated lands;
Grasslands; Treeovered areas; Shrutovered areas; Water covered areas; Vegetafiee areasSince then, statistical
data on the areas of these larmbver classes have been publicly available at the marz level andnfi@nier as a whole
(see Section 2.2Annual accounting of landover class areas is a fundamentally important step toward ecosystem
accounting. However, for a modern, comprehensive accounting of ecosystasnsarriers of biodiversity and providers
of ecosystem servicesit is necessary to haweot only statistical tables but also digital maps, which are not yet available
for the entire territory of Armenia.

Ly NBOSyd @SFNRBRXZ I|GGSydA 2 y(Shatmazdrysdy Sayutyungas, 208ificluding dated SSy A
regulating EQntroductionX X B, 8aik @rosion preventio(GIZ EcoServe Project, 2014; 2016; Pietsch et al.) 2089
cultural ESAsatryanet al., 2024; Pietsch et al., 201¥However, quantitative assessment and mapping of ES at the
national level in Armenia have not yet been carried out.

1.4. EcosystemAccountingPrototype Version 1 content and methodology

The EA Prototype Version 1 EA /1) follows the recommendations of SEEA (United Nations,2021) and the
European INCA project on ecosystem accountifigostat, 2024 a,byallecillo et al., 200)%and coversphysicalEE and
ESaccount (highlighted in red e Figure 12-1). Monetary accounts are not included in the projédieEA PV1 includes
statistical tables and maps presenting EE and ES indicators, as well as a short descriptioraof thsultsdata sources
used, the asessment methodology.

TheEA PVivas created based on currently available dapablished 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 scientifi
research.In cases where national datanot available, the assessmewasmade based on global databases or expert
estimates. ThereforeEA PVpresents a simplified version of EA, including only those components that could be assessed
within the project framewok using available open global and national data. Nevertheles$Vilemonstrates the main
approaches to EE and ES accounting, including examples of accounting tables irr¢lcerdiended format.

Natural terrestrial ecosystems are understood as all areas excluding anthropogenic areas that are created and
managed by humans namely, builtup 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 catiéd lands and ecosystems within settlements were excluded from the
accounts. Yerevan wadsoexcluded from the accoun@ndonly marzes were involved marz level.

EE and&ESaccounts were compiled for the following ecosystem accounting areas (EAA):

- i GKS yradAaA2yFt FyYyR YIENI fS@St as franitheyh@radtiveBoBsy AtlasQa v |

of Armenid website;

- Main watershedgHydroSHEDS

- lLandscapeones(InteractiveForest Atlas of Armenja

- Vegetation zones based on the map produced under the préfeettion 2.3)

- For methodological purposes, we also developed saBfl@and BESOO2 dzy & F2NJ ! N¥Sy Al Qa L

(Sections 2.6 and 3.1.D).

2 https:// seeaun.org/ content/ globalassessmenenvironmentaleconomicaccounting

3 https:// seeaun.org/ content’2024-globatassessment

4 https:// seeaun.org sited seeaun.org/files/files/ Global assessmeri024 GA global assessmentfor website 2024 final.xlsx
5 PxWeb- Select table

6 https://www.arlis.am/hy/acts/135631

7 https://forestatlas.am/
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To map and asse€sEand ES we used the 10-masolution Esriland cover deasef to exclude builtup areas and
cropland from the accounts, as well to delineate forest and-fayast areas. Th&sriland-cover dataset was selected as
an EA component following tests of several laayer datasets, which indicated th&sridata 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 ERctee $80
reference years 2017 and 2028 based on theEsriland cover dataset.

For data preprocessing, EE and ES mapping, and GIS analysis we used the open source QGIS application and custon
Python scripts. For assessing and mapping wedkated regulating services, we used models from the INnVEST GIS tool
(Section 3.1.A).

Ecosystem extent

At present, Armenia lacks a detailed, regularly updated digital ecosystem Tthapefore, 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-laoer classeshat is, accounting for the extent of natural land
cover classes (Section 2.2);

- Types of natural vegetatio(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).

SEEAEA 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 resgli® be reclassified into the SE&gprovedlUCN GE3ystam level 3 for
the purpose of international comparisdection 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 ctimibiada, 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 piwgte structure. Next, the resulting raster maps with zonal iaries were
combined with the land cover raster mgphrough 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 iatlis 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 marer watershed borders. The Zonal Histogram twoQGIS 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 watenshsdxported in tabular format
for further statistical analysis.

The area was calculated based on an average pixel sl#®%fuThe 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/cnessa. These discrepancies should
be addressed in the development of a national ecosystem extent accounting in Armenia.

SEEAArecommends annual accounting of ecosystem extent. However, in Armenia, accordingtedisen of the
Government of the Republic of Armenia in April 11, 2019 naf3annual data collection is currently established only for
statistics on the areas of larmbver classes, without publicly accessible digital maps (see Section 2.2.A). Therefore, for
methodological purposesnd to demonstrate ability of EA to track ecosystem dynamvesusedEsriLand Cover data
for 2017 and 2023.

Also, ve could not fully comply with the SEEEA recommendations to distinguish changes in ecosystem extent
between managed and unmanaged changes because of the lack oftttateever, for a substantial share of the land
cover changes detected by ttiesriland cover data specifically the expansion of cropland and built aréiis evident
that these are managed changes. Therefore, in the finabuntingables, this driver is indicated for these cases; for the
2U0KSN) OFaSax GKS RNNOWENSRPENBO2NRSR Fa ayz2d RSGS

EE account by economic units was made for marzes.

Transition matrices (change matrices) were producedthe base of Gi&8nalysisfor both landcover classes and
vegetation types. The lantbver class matrix directly captures clissclass transitions between thesri2017 and 2023
datasets. The vegetatietype transition matrix also shows how areas of vegetation zones teohgito land-cover

8 https:// livingatlasarcgiscomyen/home/
9 https://www.arlis.am/hy/acts/135631
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classes (e.g., steppe vegetation converting to croplands,-bpjlbare ground, or tree cover, and vice versa). Zune
zone vegetation transitions are not recordedtire EAPV1, because the zone boundaries did not change.

Ecosystenservices

In the SEEEA (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 assetraad@omic unit. Intermediate ES are those in which the user
is an ecosystem asset and there is a connection to the supply of finBeBR&its are the goods and services that are
ultimately used and enjoyed by peopded society. As applied in ecosystem accounting, a benefit will reflect a gain or
positive contribution to welbeing arising from the use of ecosystem services.

The EAPV1accounts for 13 final ER®ross alfinal ESategories: provisioning, regulatingcreational and intangible
(Tablel.4-1). We did not consider intermediate EBhe full list of ES mentioned in SEEAIs presented in Table.4-2.

Table 14-1. List of ES asessedlie EA PV1

Ecosystem services Section
1) Production of forage and fodder for cultivated livestock by natural Potential 32A
grasslands SupplyUse -
Provisioning ES 2) Wild plants biomass pduction: edible and culinary plants
3) Wild plants biomagsroductiont medicinal plants Potential (score)| 3.2.B
4) Nectar production by wild plants for honey bees to produce honey
5) Global climate regulation: carbon storage in soil and tree biomass Potential 3.1.G
6) Local climate regulatiarecosystem effect on surface temperature Potential 3.1.E
7) Prevention of soil erosion Potential
- . 3.1.C
. 8) Prevention ofediment export to streams SupplyUse
Regulating ES -
9) Baseflow provision Potential 3.1B
P SupplyUse o
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-materialES | 13) Importanse of biodiversity for Armenian culture Potent_lal_ 34
(description)

The EAPV1focuses on the natural conditions and processes underpinning ES provision, while exshaiatgl
factors of ES supply and yseosystem management and othlabor and resource inputs associated with ES supply and
use ES imporexport, 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.L y Y dzOK 2 F

GKS 9{ fAGSNI (dzNBx

iKS

i SNXY

a dzLJLJt e

Aa dz

ES irrespective of usi the SEEEA framework, ES physical accounts record the supply of ES by ecosystems and the use
of ES by economic unifusinesses, governments and households). ES are recorded as flows between ecosystem assets
and economic units. The measures opply and use are equivalent and will be equal to the actual flow between the
ecosystem asset and peoplie. other words, the total volume of ES supplied by different ecosystems equals the total
volume of ES used by different usefbese indicators show how ES produced by different ecosystems are redistributed
among different usersHowever, they do not reveal managemeamievant aspects such as the degree of ESe
(including overuse and the potential to scale up use), or the extent to which the ext&Siripw meets demand. These
aspects can be assessanithe base of ecosystepotential to provide Eépacity 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 ecosysteéBtEAAproposes keeping separate accounts for ecosystem capacity. INCA project
proposes to include in accounting tables indicators of ES potential (capacity), ES dechaadd&flow which is equtd
ES supphuse and unmet demandVallecillo et al., 2019
Given the pivotal importance of the ecosystpatential capacity indicator for ecosystermanagementwe adopted
it in PV 1 as the primary basis for ES assessment. Ecosgstential 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

SEOSLIiA2Yy AA

GKS 9{ a0A2RAQOSNEAGER

@t WittzSanplas)the! ebakyStefh | Q &

potential capacity is relevant bothdr 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 defftandapacity was assessedtfwe
remainingl2 ES (Table4:2).
The assessment of ES use requires sectmomic data, whictvasavailable for only six EB.four cases the ES users
(economic unitsyvere the marzegor the grazed biomass productidaS (ES 1 in Tallel), two waterregulating ESES
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8 and 9) and pollination(ES 1} in one case settlementsfori KS S O2 &4 & & i S Y(ESB)aORiRdne\cs® STFS
Protected Area$or the ES ohatural conditions for hiking iRAs (ES 12)Benefits derived from assessed ES are described

in Table 14-3.

Changes ifcSwere assessed only in terms of their potentcapacity based on langdover 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.
Tablel.4-2. List of ES from SEEA EA, with those includbd BAPV1highlighted inbold italics

1. Introduction

Ecosystem service

Indicators ofpotential
EScapacity

Indicators of ES
supply andise

Assessing methoc

Section

Provisioning ES

Biomass Crop provisioningS NA (ES provided by naratural agroecosystems)
provisioning 1) Grazed biomass
provisioningES: production . Current number | Mapping, GlSand
: Maximum allowable e
of fodder for cultivated stocking rate (LU/ha) of cattle,sheep descriptive data | 3.2.A
livestock by natural 9 and goats (LU/ha) analysis
grasslands
Livestock provisioningS NA (ES provided by neratural agroecosystems)
AquacultureprovisioningeS NA (E$rovided by nomaturalaqudic systems)
Wood provisionindeS NA (lack of open statistical data)
Wild fish and othenatural
aquatic biomasgrovisioning NA (lack of open statistical data)
ES
Wlld_p_lan_ts blomass Mapping, GlSand
provisioningES: Scorebased e
. NA descriptive data | 3.2.B
2) Culinary plants assessment analvsis
3) Medicinal plants Y
W'ld animals f"“.‘“"t_her NA (lack of open statistical data)
biomass provisioningS
Geneticmaterial NA (Imited project resources and time
Watersupply Water supply is accounted for ES seasovatker flowregulation and baseflow maintenance
Other 4) Nectar production by wild Mapping, GlSand
L : Scorebased 2
provisioningES melliferous plants for NA descriptive data | 3.2.B
assessment .
honeybeego produce honey analysis
Regulating and maintenandeS
Globalclimate 5) Storage of carbon in = Mapping, GlSand
: . : /' Nb2y 02y D
regulation ecosystemsn soil and tree NA descriptive data | 3.1G
. Carbon stock, Mtc .
biomass analysis
Other globatlimate . . .
requlation ES NA (Imited project resources and time
Ralnfal_lpattern NA (Imited project resources and time
regulation
Local (micrand | 6) Effect of natural Cooling capacity of GISmodeling with
meso)climate ecosystems on surface g capacity NA the INVEST Urbar| 3.1E
. natural ecosystems .
regulation temperature Cooling model
Air filtration NA (ES is most important for urban ecosystems)
SO'Ique.l“ty NA (Imited project resources and time
regulation
Soil andsediment | 7) Prevention of soil erosion;| Avoided erosiorand Amount of . .
. . . . : . . GISmodeling with
retention 8) Prevention of ediment avoided sediment sediment avoided the INVEST
export to streams export, in the volume of . . 3.1C
. Sediment Delivery
t/halyear; Mtlyear water consumed, .
Ratio model
tlyear
Landslide mitigatioES NA (Imited project resources and time
Solidwaste . . .
remediation NA (Imited project resources and time
Water Retention and breakdowaf
purification nutrients and other NA (lack of open statistical data)
pollutants
Water flow 9) Regulation of seasonal Ecosystem effect on | Water | GISmodeling with | 3.1B
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regulation river flow and baseflow total river flow, consumption, the INVEST
maintenance baseflow and quick Seasonal Water
flow, mm; n# Yeld model
Floodcontrol Coastal protectioleS NA (Imited project resources and time
10) Runoff retention by GlISmodeling

ecosystems under average

Ecosystem runoff with the INVEST

and extreme rainfall retention, m3 NA Urban Flood Risk 31D
Mitigation model

Stormmitigation NA (Imited project resources and time
Noiseattenuation NA (ES is most important for urban ecosystems)
Pollination _11) Crop pollination by wild Scorebased Scorebased Mapping,_GI-S 31H

insects assessment assessment analysis
Biologicatontrol | Pest controkervices NA (Imited project resources and time

Disease contralervices NA (Imited project resources and time
Nurserypopula
tion and habitat NA(Intermediate ES)
maintenance

Cultural(recreational andnon-material) services

12) Natural conditions for Maximum allowable Mapping, GIS

Recreatioral ES recreation number ofrecreatio NA . 3.3
. analysis
nists(persons/year)

Visualamenity NA (Imited project resources and time
Education,
scientificand NA (Imited project resources and time
researchES
Spiritual, artistic 13) Importarce of biodiver 3.4

Descripion

andsymbolicES | sity for Armenian culture
Table 14-3. Initial logic chains foassessed ES
Factors determininguppl F r . ) .. |Main ran
ES Ecosystem types - 8 ppy ac_:tq s Metrics forthe ES Benefits (description ain usersa d
Ecological |Societal determininguse| beneficiaries
Different types of Livestock and livestog
. . Number of . . .
Grazedbiomass | grasslands (alpine . Stocking rate | products (e.g., meat, Agriculture in
R . Vegetation zone| NA |cattle, sheep an .
provisioning subalpine, steppe, : (LU/ha) milk, eggswool) (SNA marzes
- goats in marze )
semidesert benefits)
Wild edible and Forests and Harvested edible ang
culinaryplants diff cr) ?jts a f culinary plants (non
biomass provisionin fherént types o SNAbenefit)
grasslands
. . Scorebased
(alpine, Vegetation zone — NA
) L ) assessment Harvested medicinal
Wild medicinalplants| subalpine,
. R plants (nonSNA
biomass provisionin steppe, NA benefit)
- semidesert -
Wild-plant nectar Honey from domestig
provisioning bees (noRSNAbenefit)
Globalclimate The global map € Reduced
. .| C content in soil - !
regulationg C  |All natural terrestrig concentrations Cgin
) Average C conter| Tonsof carbon )
storage in ecosystems . . - the atmosphere leadin NA
ecosystems in tree biomass to less climate chan
Y Armenia NA 9
Local cI_|mate The size and Imprqyed living o
regulation- Forests and . . . conditionsand Population in
Climate zone shape of Cooling capacity . .
ecosystem effect o grasslands economic production| settlements
settlements )
suface temperature (nonSNA benefit)
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services

(alpine, subalpine,
steppe, semideser|

Vegetation zone

distribution; the
number of
recreationists

recreationists

health; enjoyment
(non-SNA benefit)

(runoff retention) grasslands conditions, land mm damage
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Pollination ; - pollinators in . cost savings on
(alpine, subalpine, . distance from assessment . s marzes
. different alternative pollination
steppe, semideser : natural )
vegetation zoneg (SNA benefit)
ecosystems
Forests and differer r;la-(r:]reeegt(iegnci);t Physical and mental
Recreatiorrelated | types of grassland Number of Y

Tourism servic

Cultural importance
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Descriptive text
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NA
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To determineESvolume provided by ecosystems, we proceeded from the following understanding of baseline
conditionst situations in which ecosystems are absent and ES is not performed (Tdkfe For most ES, it was
assumed that in the absence of ecosystems ES would be entirely absent (no/zero ES). Frelatateregulating ES,
which are partly performed by the bare land surface without living cover, the baseline conditions were represeated b
GolF NBE INBdzyRé a0Syl NA 23 eadplaaddwithh bare groGhdiiseeNSedtion3.0®.ae aiSyYa o

Tablel.4-4 Baselines foassessed ES

ES Baseline
Grazedbiomass provisioning
Wild edible and culinarplantsbiomass provisioning
Wild medicinalplantsbiomass provisioning
Wild-plant nectar provisioning
Global climate regulation C storage in ecosystems
Local climateegulation- ecosystem effect on sface temperature
Preventing soil erosion
Preventing of sediment transport to streams
Seasonal flow regulaih and baseflow maintenance
Flood risk mitigation (runoff retention)
Pollination
Recreationrelated services

No/zero biomass provisioning

Bare ground scenario

No/zero pollination
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;

- forallES, 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) betweed 2@nd 2023.
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2. Ecosystenextent

2.1. Testing available land coveatatasetsand dataset selection for PV1

The data for Armenia from the following five publicly available global tavérdatasetswere tested Fig.2.1-1): 1)
Dynamic World; 2EsriLand Cover; 3) ESA WorldCoveGRE 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/C3:

Global Land Cover product; Globelangd@obCoverWorld Terrestrial Ecosystermnshe Global Land Cover by National
Mapping Organizations (GLCNM6geshort dataset description in th&ppendix2.1

Dynamic
World

Esri - “' A ;?

Figure2.1-1. Tested land cover datasefsor detailed maps see Proj&¢eb GlSsection maps in the projeéteb GIS
SectionLand cover datasets examinatidmttps://bccarmenia.nextgis.com/resource/69/display?panel=npne
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2.1.A. Area of landcoverclasses 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)woody natural areas; 3) water, wetlands, flooded vegetation; 4)
crops; 5) buikup areas.

The Decision of the Government of the Republic of Armeni&pril 11, 2019 defined the following land cover
classes for national accounting: Cultivated lands; Grasslandsgdveeed areas; Shrutovered areas; Water covered
areas; Vegetatioffiree areasThe more detailed disaggregation of land cover classes by land fund categories provided
in the Governmenteported data enables the separation of vegetatioae anthropogenic areas, i.e., builp areas
from natural ones and makes it possible to comp@®/ernmental data and land cover dataseisw to classify
grasslands and cultivated lands located within settlement boundaries is a question that needs to be addressed in order
to harmonize satellitdbased land cover classifications with official land cover statistics. At this stage of the ganadysi
kept these lands within grasslands and cultivated lands, respectively.

Further, to ensure comparability of tested datasets and Governmepbrted data three land cover classes
Grasslands, Shrutovered areas, and Vegetatidree natural areaswere combined into one class Nevoody 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 ofland 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 Esri ESA, and GLAD are similar and show a smaller cropland aeea larger grassland
area than the Governmerneporteddata. In contrast, the DW dataset shows a larger cropland area and smaller grassland
area than the Government data (FR§1.A-1, 2.1.A-2). Dataset GLC_FCS30D 2022 was excludedftndiher analysis, as
it differed most significantly from all thetloer datasetsand fromGovernmenireported data.

Government of RA 2022 s - m Trees

|
ESRI 2023 s - -_—
Non-woody natural areas
[
|

ESA 2021 m— |

GLAD 2020 m—— — m Water, wetlands, flooded veg.
Dynamic World 2022 me— - |
GLC_FCS30D 202 fem— = - Crops
H Built

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

Figure2.1.A-1. Share of land cover classes in Armenia according the five tested datasets

15000
10000 I m Built
5000
o m Crops
£ 0 =" - -—— . m | _
N m Water
“Cd -5000
Non-woody natural areas
S 10000 oody nat
?DE -15000 H Trees

ESRI 2023 ESA 2021 GLAD 2020 DW 2022  GLC_FCS30D 2022
Figure2.1.A-2. Difference between Governmergported area of land cover classes (2022) and tested datasets

Share of land cover classes across marzes

All four remaining datasets differ significantly from the Governmemiorted data (Fig2.1.A-3). The discrepancies
identified at the national level are largely maintained across maie$:ESA, and GLAD show larger areas ofwmaody
natural lands and smaller cropland areas compared to the Government data. In contrast, DW shows smali@ochon
areas and larger cropland areas than the Government dataZRig-4). This shift persists across the majority of marzes
(Fig. 21.A-4), suggesting that isisystemic and driven by the differences in the methodology used for satellite image
classification. Discrepancies betwdesteddatasets and Government data for forest cover and bupltareas are smaller
in magnitude and do not follow the pattern observed in the relationship between cropland andvoody natural areas.
The most prominent shifts includefor forest area a reduction in thEsridata, and increase in the DW data, as well as
for built-up area a reduction in the ESA data and increase iGih&D data. Differences between the land cover datasets
and the Government data in terms of water area are minor and fairly consistent across all datasath identifies a
slightly smaller water areAmore detailed view of the area differences across the maizpeezented in Appendix 2.1.A
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Dataset The share of land cover classes area in marzes
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Figure2.1.A-3. Land cover class shares across maapesrdingto Governmenteported data andested datasets
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Figure2.1.A-4. Land cover area difference: Governmeagiorted areas minus areas from tested datasets. Differences
between tested datasets and Governmeeported data in marzes are shown in different colors. Provincial differences
for each land cover class are comlaneto a single bar to show the total deviation from the Governntepbrted data.

The absolute discrepancy (Rnis largest for croplands and grasslands, while in relative terms (percentage relative to
Governmenireported data), it is greatest for croplands and buift areas (Figurg.1.A-5).
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The smaller area of builip areain ESA data can be explained by the fact that ESA identifies trees, grasslands, and
crops within settlements. The ESA data generally featsingaller patches across all land cover clagbag2.1.A-6).
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Figure2.1.A-6. The same area as represented in different land cover datasets

The Government classification of land cover types includes, among others;&hreled areas. Of the four land cover
datasets retained for analysis, two ESA and DW also include this class. However, the shrub areas identified in these
datasets differ geatly from the Governmenteported 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 shubsaxesal

times greater than the Governmedata (Table 2ZA-m 2 CIMAFHP ®HK dza X

GKS LINBaSyOS 27

datasets does not make them more consistent with the Government data.
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Table 21.A-1. Area of shrudzovered areas in Governmergported data and in two land cover datasets

Marzes GOV2022 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
1000
€ 800
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@
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Figure 21.A-7. Discrepancy with Governmergported 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 smadbt 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 similartot®! A 8 ONB LI yO& FNRBY GKS D2@SNYyYSyd REGFZ NI y3
area. The smallest discrepancy is observed irB$ridataset, and the largest in ESA (Rid.A-8).

- 22.0 20.9

21.0
20.0

%

19.4 19.6 19.6

ESRI 2023 ESA 2021 GLAD 2020 DW 2022

Total
discrepancy

=
© ©
o o

Figure2.1.A-8. Total relative discrepancy (% relative to total area of Armenia) between tested datasets and
Governmentreported data

Share of land cover classes across landscape zones

Comparison of land cover class areas across landscape zones actomdiffeyent datasets shows thdEsri ESA, and
GLAD are generally similar to each otffég.2.1.A-9). Dynamic World (DW 202@xtashow a significantly larger cropland
area compared to the other datasets. This is especially noticealbiglimandlandscapesCroplands were identifietly
nearly 10% of the areaf the highaltitude and alpine zones. In some mountain ranges (Gegham Range and southwestern
slope of theSyunigplateau) crophnds occupy about 20% (Fig1.A-10), which is inconsistent with reality. In the
subalpine zone, croplands occupy more than Xj¥6tal.

Comparison oEsri ESA, and GLAD datasets shows thé&sii the cropland area is significantly largemimountain
valleysemidesert and dry steppe zones, whereas in GLAD, the cropland amauntainvalleysemidesert zone is
smaller than in the other two datasets (FJ1.A-9). The ESA dataset is characterizedaoger areaof tree cover and
smaller builtup area, which is particularly noticeable in the sataserts, dry steppe, and forest shelter b&mne of the
reasons for this is that, as meatied above, ESA identifies trees within settlements. The presence of trees in
submountain semideserone in the ESA data is entirely due to this fagtall trees there are located inside settlements.
Esriand GLAD datasets do not show any tree cover in this zone.

21



Prototype Ecosystem Accounting of Armenia

2. Ecosystem Exten2 1. Testing LC datasets

Dataset The share of land cover classes area in landscape zones
Esri
2023 High-altitude snow-cowered [}
High mountain alpine I 1
High mountain subalpine m | mTrees
Middle mo_untaln mead(_)w steppe mmm e Non-woody natural areas
Middle mountain steppe u I
Low mountain, dry steppe I E— B Water, wetlands, etc.
Low/middle mountain forest m————— e
Low/mid. mount. forest shelter belt — I u Craps
Mountain-valley semidesert = e——— = Built
Submountain semidesert o —
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
ESA
2021 High-altitude snow-cowered 1
High mountain alpine & 1
High mountain subalpine mm | mTrees
Middle mo_untain meadc_)w steppe = — Non-woody natural areas
Middle mountain steppe mm e
Low mountain, dry steppe m o — m Water, wetlands, etc.
Low/middle mountain forest e ——— e
Low/mid. mount. forest shelter belt m—— [ m Crops
Mountain-valley semidesertm = - = Built
Submountain semidesert s —
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
GLAD
2020 High-altitude snow-cowered) 1
High mountain alpine m o
High mountain subalpine mm - m Trees
Middle mountain meadow steppe . P om
. ) Non-woody natural areas
Middle mountain steppe m T -
Low mountain, dry steppel [ — m Water, wetlands, etc.
Low/middle mountain forest m———— e .
Low/mid. mount. forest shelter belt n——— [ ] = Crops
Mountain-valley semidesert| m m Built
Submountain semidesert) | E—
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Dyna
mic High-altitude snow-cowered I—
High mountain alpine m m—
World High mountain subalpine mm mTrees
2022

Middle mountain meadow steppe
Middle mountain steppe mm
Low mountain, dry steppen

Low/middle mountain forest m - ————— e .
Low/mid. mount. forest shelter belt m— ——————— I —
Mountain-valley semidesertn - —————
Submountain semidesertm =

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

Non-woody natural areas
m Water, wetlands, etc.
m Crops

m Built

Figure2.1.A-9. Land cover class shares across landscape zmeesdingto tested datasets
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2.1.B. Comparison otroplandarea according tdand cover dataetsand Armstatdata

A comparison witliegionalArmstatstatistics on areas under cultivatibtwas conducted for four land cover
datasetsg Esri ESA, GLAD, and Dynamic World (GLC_FCS30D was excluded from thesaea8misioRd.1.A). For
comparison, we also usetD22 Governmenteported data! on the area of cultivated land in Armenia.

Agriculturalarea according to landcover data was compared with thkemstatindicatorsfor 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 iatew fruit-bearing plantations), and vineyards;

3) Annually plowed area that is plantations of grains and leguminous crops, potatoes, vegetables and melons.

According toEsrji ESA, and GLAD datasets, the cropland area in most marzes is smaller than the area of arable land
but larger than annually cultivated area reportedAgmstat The cropland area identified by DW exceeds the arable land
reported byArmstatin almost all marzes, except for Lori and Tavush (Figlr8-1). The cultivated area reported in
2022 Government data exceed the arable land area in all marzes (GOV (A2.hB-1g. If the cultivated area within
settlements is excluded, the differea with the Armstatdata becomes smaller (GOV (B) in EigB-1). The cropland
areas identified by all datasets exceed the annually cultivated area reportédrhgtat, except for the GLAD data in
Ararat and Armavimarzes Figure 2.1.R provides a more detailed breakdown by marz.

Figure2.1.B-1. Cropland area by marz according to different data sources
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Figure2.1.B-1. Difference betweeagricultural areain testedLCdatasets andArmstatdata on arable lands, annually
cultivated, and annually plowed ared<Jdata minusArmstatdata)

10 hitps:// Armstatam/en/?nid=651
1 hitps:/www.arlis.am/hy/acts/171671
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Figure2.1.B-2. Difference between areas of croplands in tested dataset®\amdtatdata on arable lands, annually
cultivated, and annually plowed areas (dataset data miAtsstatdata) across marzes

The fact that inEsrj ESA, and GLAD datasets the cropland area is smalleathblearea but larger than annually
cultivatedareaindicates that these datasets classify a paraablelandswhich arenot 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 areaAiimstatdata; Astat is arable area Armstatdata. Thus, the share of uncultivated
fields that are idetified in Esrj ESA, and GLAD datasets as croplands can be defined aGdfiatj(fAstatCstat), where
C is cropland area in a dataset. Across the marzes, this figure varies between 0% and 1@02B{Bjgln cases where
the cropland area from land cover datasets exceeds arable land area repor#eadrisyat this indicator exceeds 100%.
This is most evident in the ESA dasridata for the Ararat and Armavir marzes, where these datasets estimate the
cropland area to be 2@0% larger than the arable laadea reported byArmstat, 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 reportedrstat
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Figure2.1.B-3. The share (%) of uncultivated arable land that is classified as cropland by the land cover datasets
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Similar tothe comparisons with Governmemnéported data (Sectio.1.A), a preliminary overall indicator for
assessing land cover data accuracy can be the total discrepancy between cropland areas in data#yetstandata
which is the sum of absolute area discrepancies (by modulus, regardless of sign) across marzesli(Bigw®©verall,
Esri ESA, and GLAD datasets show a similar total discrepancy frokmtiséatdata, DW shows a substantial
overestimation of cropland area.
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o
o
o
o

400000

Arable
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100000 I I I m Plowed
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ESRI  ESA GLAD DW GOV (A) GOV (B)
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Figure2.1.B-4. Total discrepancy between cropland areas in datasetAamdtat

2.1.C Selection of landoverdataset for use in the project

TheEsriland cover dataset was selected as the basis for the project implementation. The ESA and GLAD datasets can
be additionally used for specific methodological tasks. The choice was made based on the following reasons:

- GLC_FCS30D land cover data shows very strong excess of cropland area and excess of forest area and was therefore
excluded.

- Dynamic World dataset shows good agreement with the Governmamarted data in indicator of total area
discrepancy. However, it significantly overestimates cropland area compararistatdata and shows strong excess
of cropland area in the mountains. Therefore, it was excluded.

- ESAEsriand GLAD are similar in identified areas of the generalized land cover classes and are most consistent with
Armstatdata on cropland area.

- Esridata provides the best opportunity for demonstrating the accounting of ecosystem indicator dynamics from
2017 and 2023.
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2.2.Extent ofland cover classes

2.2.A. Extent of lan@overclasses reported byhe Government of Armenia

The Decision of the Government of the Republic of Armeniapril 11, 2019 n 43y

F2NJ Of  aaATFAOlLIGAZY
accounting: Cultivated lands; Grasslands; aeecred areas; Shrutovered areasyWater covered areas; Vegetation
free areas Openaccess annual data on the area of laswVer classes nati@hand marz levels are available for 2Q20
2024%. The data for Armenia are presented mble2.2.A1 and Figure2.2.A1.
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Table 2.2.AL. Land cover of the Republic of Armei@i@74258.8 ha ared)y classes, 2020024

Land cover classes As of July 1, As of July 1, As of July 1, As of July 1, As of July 1,
2020 2021 2022 2023 2024
Cultivated lands 538361.22 538580.09 538930.12 538919.19 539620.52
Grasslands 1366386.896 1371066.28 1370749.11 1370618.62 1363686.44
Treecovered areas 400522.06 400375.84 400279.49 382109.06 382361.15
Shrubcovered areas 34200.612 34193.77 34135.56 34124.48 34374.33
Water covered areas 151491.8 153889.698 153890.39 172088.29 172117.81
Vegetationfree areas 483295.83 476152.342 476274.17 476398.959 482098.73
06/01/2024 — — E—— W Tree-covered areas
Grasslands
06/01/2023 m— - ] Shrub d
06/01/2022 — rub-covered areas
m Water covered areas
06/01/2021 m———— _— I )
Cultivated lands
06/01/2020 m———— - ] .
m Vegetation-free areas
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure2.2.A-1. The share of land cover classes in Armenia by Goverieported data

Thisdatais sufficient to fill in the accounting table in the SEEA&®mmended format only partially (Tal?e2.A2)
since only data on the opening and closing extentavailable(rows 1 and 9). Froihis data, the net change in areas is
calculatedrow 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,4rang 6,7), are not

available.

Table 2.2.A. Accounting table of landover class extent for 2020 and 2024, based on governmeotted data

. Shrub Water .
le;tnlc?sted Grasslands Tregfggg red covered covered \léfegee;g%z
areas areas

1. Openingextent in 2020 | 538361.22 1366386.9 | 400522.06 34200.612 151491.8 483295.83
2. Additions toextent NA

3. Managedexpansion NA

4.Unmanagedxpansion NA

5. Reductions irextent NA

6. Managedreductions NA

7.Unmanagedeductions NA

8. Net change irextent 1259.3 -2700.46 -18160.9 173.718 20626.01 -1197.1

9. Closingextent 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 Goverporeed
data, enables the separation of vegetatifree anthropogenic areas, i.e., builp areas from natural ones and makes it
possible to compar&overnmental data and land cover datasets. The result with reclassified vegefia@oareas for
Armenia and across marzes is shawiable 22.A-3 andFig2.2.A-2.

12Sources:

(2021)http://www.irtek.am/DOCUMENTS/PDF/148034 havelvag.pfps://faclex.fao.org/docs/pdf/arm209550.pdf

(2022)http://www.irtek.am/views/act.aspx?aid=15650Q1https://www.arlis.am/DocumentView.aspx?DoclD=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 satellibased land cover classifications with official land cover statistics. At this stage
of the analyss, we kept these lands within grasslands and cultivated lands, respectively.

Table 2.2.A3. Land cover class extent by marzes in 282&overnmenteported datg ha

Treecovered | Grasslands Shrubcovered | Vegetation | Water covered| Cultivated| Builup
areas areas free areas areas
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| 3351715 153890.4| 538930.1] 140541.9
Aragatsotn mm 1 —
Ararat [ | —_—
. W Tree-covered areas
Armavir 1 I - —
Gegharkunik mm I — | Grasslands
Kotay_k [r— ! ! — B Shrub-covered areas
Lori — [ | [ | -
Shirak = u — Vegetation-free areas
Syunik ——— - | -
TavUuS | I [ | m Water covered areas
Vayots Dzor 1 1 - Cultivated
Yerevan 1 _
Armenia  — x fr— — W Buil-up

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Figure 22.A-2. The share of land cover classes in Armenia and across mathesGoyvernmenteported data

2.2.B. Extent of land cover classes Bgridata

Since theesriland cover dataset was selected for use in the project (Section 2.1.A), the subsequent extent assessment
was conductedoy Esridata based on the area of 1 pixel equal to 106.Mhe extent of different land cover classes
according to the other datasets can be found in the Section 2ThAarea of Lake Sevan and the administrative area of
Yerevan were excluded from the extent assessment.
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Figure 22.B-1. Esridataset for ArmeniaFor detailed maps sqeojectWeb Gldttps:/bccarmenia.nextgis.com/
section "Ecosystem extentandcover"
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Extent of land cover classes at thatonal, marz, and watershedevels

Mostof the! NY Sy Al Q& G SNNXR G2 NE A dccodifgh EbiBdRa), forests Ddtlips Hlo(BRA 0 C
according to Government data), croplands and bugtareas account for 12% and 5%, respectively. The most human
transformed marz is Armavir, where croplands and bujilitareas together make up over 60% of the territory. Tdaest
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%efterritory (Table2.2.B-1 and 22.B-2; Figures 2.B-2 and 22.B-3).

Table 22.B-1. The tentof land cover classes in 2017,%m

Rangeland | Trees Bareground 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 3,5671.06 634.26 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 22.B-2. Theextentof land cover classes in 2023,%m

Rangeland | Trees Bareground Snow/lce | 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 38.13 251 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
Aragatsotn I - 1 n
Ararat | B ] I .
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Figure 22.B-2. Area of land cover classes in 2017 and 2023, km
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Figure 22.B-3. The sharef 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 watgyulating ecosystem services, which are modeled at the watershed level. Since
in Armenia watersheddwundaries 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 humasransformed watersheds are Metsamor (marzes Aragatsotn and Armavir) and Akhuryan (marz
Shirak), where croplands and buiip areas together make up around 30% of the territory. The least transformed
watersheds are Aghstev (marz Tavush) aob¥an (marz Syunik). Forests cover large areas in Aghstev watershed (marz
Tavush) and Debed watershed (Loar2 (Table®.2.B-6 and 22.B-7; Figures 2.B-5and 22.B-6).

Table 22.B-6. Area of land cover classes in watersheds in 2017, km

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 0.02 241 11.80 911.62| 241.75
Vorotan 634.26 | 3573.45 32.93 0.13 0.04 17.98 170.65| 66.09

Table 22.B-7. Area of land cover classes in watersheds in 2023, km
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 24959 | 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
2017 2023 H Trees
Aghstev 1 I 1 land
Akhuryan m | Rangelan
Arpa | - | - Bare Ground
Debed mm n - m Snow/lce
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0 5000 10000 0 2000 4000 6000 8000
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Figure 22.B-5. Area of land cover classes across watersheds in 2017 and 2623, km
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Figure 22.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, accordingEsridata, thearea of croplands and builtp areas in Armenia increased by
nMT 1Yy FYR MTp (1YuX NBaLISOGA@GStesr gKAES GKS I(Ngite 2F F
2.2.B-4; Table 2.B-3). The total area of natural landover types decreaseoly 578.9 km(1.95%2 ¥ ( KS O2 dzy (i NB
ared over these years, transitioning to croplands and buptareas.

Tree cover -139 ——
Grasslands -383
Bare ground -81
Snow/Ice 11
Water 17
Flooded veg. -7 0

Crops
Built-up I |75

417

-500 -400 -300 -200 -100 0 100 200 300 400 500

Net changes in the area of land cover classeg, km
Figure 22.B-4. Changes in the area of land cover classes from 2017 to 2023

The map of changes in land covEigure 22.B-5) showsthat built-up areas expandeprimarilyin the Ararat Valley
and around Yerevan (maroon color), while croplands expanded most intensively in thenestiarn part of the country
(orange color in Fig.2B5).[ 20l f FT2NBaid SELI yarzy 200dINNBR Ay aSOSNIf
north-east; however, overall forest extent decreased, mainly due to transitions to grasslands in $asiglands
expanded in the southern part of Syunik mabut their total extent across Armenia also decreased due to transitions to

croplands.

A % Ve 3 e s
.Waler g \" - ‘ -:" Y \k' , “.‘4.‘. ¢ \ Dia
. Trees 1,';*(\ ff . oG \, 4Ry
[ Flooded Vegetation ~
I:‘ Crops
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Figure 22.B-5. The land cover and its ahges: a)Esriland coverdata for 2023 b) The landcover changes that occurred
since 2017, specifically the new lacalver classes that emerged in place of previous ones, are shown.

The landcover class transition matrix shows how much area of each class transitioned to anothei alzle2.2.B-
3). In this matrix, the classes listed in the first column transform into the classes shown across each row. Example: In the
tree coverrow, theF NBI G KIF &G NBYFAYSR (GNBS deagliénsd tdtéee coviytpebopver | Y u
transitioned to grasslands over an areao€ H ® T tp bdregrothdn dnH | Yu S YR a2 2yd ¢KS Y
was from grasslands to croplasi®@41 kn?), whilereverse transition is less than half of that valdd4 kn?). The shift
from tree cover to grasslands is also noticeaBBg2(knt). Other transitions are negligible (Fig2.B-6).

The sum of transitions to other classes corresponds to the loss of tree cover due to these conversions (last column,
ochpdpH T Yuod G GKS aryYS GAYST 2GKSNJ OfFaasSa GNFXyaraazy
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Thus, the net change in tree coviernegative and equals ta o ¢ @ n Mheylavauméke it possible to populate rows
GAdditions to extent | ReRuctibnsinextest Ay GKS | O02dzy Ay 3 (i Tablé 22B-8,Which| y R
are unknown if we know only the opening and closing extAstnoted in Section 1.4.A, we do not have data to distinguish
between managed and unmanaged land cover changes.

Table 22.B-3. Land cover class transition matrix from 2017 to 202&

Tree Grastands | Bare Snow/ | Water | Flooded| Crops Builtup | Total Redic-
cover ground | Ice veg. areain tion
2017
Treecoverl'h 2909.87 362.79 0.02 0.05 0.58 0.02 3.74 2.72 | 3279.79| 369.92
Grastandslh 224.03| 19221.76 2.12 7.56 | 13.46 1.74 | 940.92| 114.62| 20526.21| 1304.45
Bare groundb 0.05 75.63| 29.67 3.70 1.97 0.24 2.10 2.59 115.94 86.27
Snow/lcel'h 0.01 0.49 0.04 0.33 0.01 0.00 0.02 0.06 0.96 0.63
Waterlh 0.44 8.74 2.29 0.04 | 101.20 0.47 7.41 1.53 122.12 20.92
Flooded veglh 0.05 3.34 0.05 0.00 4.48 4.78 1.81 0.87 15.37 10.59
Cropsi'b 3.04 444.42 0.42 0.29 6.62 1.18 | 2478.53 97.21| 3031.70| 553.17
Builtupl 3.27 25.79 0.76 0.03 0.50 0.02 14.40 | 1335.95| 1380.72| 44.77
Totalareain 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
2017: Trees: 3,279.7918 2023: Trees: 3,140.7497

2023: Grass: 20,142.9549
2017: Grass: 20,526.2128

- - e 2023: Snow/lce: 12.0023

2017: Bare ground: 115.9365 /
7 7 ) WEavid e 2023: Bare ground: 35.3504
2017: Snow/Ice: 0.9579  — 7 7 y s =
7 / AT S e 2023: Water: 128.8247
2017: Water: 122.1230 / </ < " ; <
S ey
’ e Y= AN & ~ —==——  2023: Flooded veg.: 8.4608
2017: Flooded veg.: 15.3720 ————==m—— —7 E7 A A - <
) ' 2023: Crops: 3,448.9215
2017: Crops: 3,031.7036
p— — . . .
2017: Built-up: 1,380.7228 2023: Built-up: 1,555.5561

Figure 22.B-6. Trandiions between land cover classes from 2017 to 2023
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Table 2.2.Bl. Accounting table oéxtents fodand-cover classsin 2017 and 2023, based dsriland cover dataset

Trees Grass | Bare ground| Snow/lce | Water | Flooded veg.| Crops | Built-up
1. Openingextent in 2020 | 3279.79 | 20526.21 115.94 0.96 122.12 15.37 3031.70| 1380.72
2. Additions toextent 230.88 | 921.19 5.69 11.67 27.62 3.68 970.39 | 219.61
3. Managecexpansion NA
4. Unmanage@xpansion NA
5. Reductions iextent 369.92 | 130445| 8627 | 063 | 2092 | 1059 | 553.17 | 44.77
6. Managedeductions NA
7. Unmanagedeductions NA
8. Net change iextent -139.04 | -383.26 -80.59 11.04 6.70 -6.91 417.22 | 174.83
9. Closingextent in 2024 | 3140.75| 20142.95 35.35 12.00 128.82 8.46 3448.92| 1555.56
The most significant changes occurred id Sl 1 YI NI £ 6KSNBE ONRLX I yR | NBI

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 desaieased. In Armavir, this was due to an increase in
built-up areas, while in Ararat, it resulted from both an expansion of luilareas and grasslands. In Syunik marz, forest

area noticeably declined due to an increase in grasslands and croffleatais 22.B-5; Figure 2.B-7a). Relative changes

in land cover areasxhibita somewhat different picture. In 2023, ttesriland 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 iddntifieri marz nearly 60%

(Figure 22.B-7b).

Table 22.B-5. Changesicrosshe area of land cover classes from 2017 to 2023 km
Rangeland Trees | Bare Ground| Snow/lce| 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 1422 | -1.72 0.28 0.35 1.17 109.66| 9.50
Shirak -214.12 0.34 -3.40 2.47 -0.06 426 | 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
Armenia g -
Aragatsotn — Aragatsotn =
Ararat — Ararat —
Armavir —'_ Armavir -
Gegharkunik '__ Gegharkunik -.—
Kotayk . Kotayk -

Lori -— Lori I—
Syunik — Syunlk _F
Tavush y Tavush —

Vayots Dzor I Vayots Dzor -
-250-200-150-100-50 0 50 100 150 200 250 -100 -80 -60 -40 20 0O 20 40 60

Changes, ki
H Trees

a

Rangeland m Crops mBuilt Area

Changes, % relative to 2017

H Trees

b

Rangeland = Crops mBuilt Area

Figure 22.B-7. Absolute (krf) and relative (% of 2017 area) changethimarea of the main land cover classes
in Armenia and across marzesifr€017 to 2023
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Aragatsotn -71.2
Ararat 22.0
Armavir -0.6

Gegharkunik -100.6

Kotayk -22.0

Lori -119.2

Shirak | -210.5

Syunik -70.0

Tavush 4.8
Vayots Dzor -3.7

-250.0 -200.0 -150.0 -100.0 -50.0 0.0 50.0
Changes in the extent of natural land cover classe$, km

Figure 22.B-8. Total changes in thextent of natural land cover classes across mafiroes 2017 to 2023

Across watershedshe most significant changes in land cover area occurred in Akhurian watershed (Shirak marz),
GKSNBE ONRLX FYR | NBIF AyONBFaSR o6& wunn {1Yu Fi GKS SELISy:a:
the expense of grasslands took place in &klwatershed (Lori marz). In thdrazdan and Metsamor watersheds,
grassland areas decreased due to the expansiooroplands and budtip areas. Changes in the Arpa watershed are
driven by changes in Ararat marz, where cropland area decreased due to the expansiongb budas and grasslands.

In Vorotan watershed (Syunik marz), forest area noticeably declinediadan increase in grasslands and croplands (Table
2.2.B-8; Figure 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 wateheds, forest area decreased bycP0% (Figure .2.B-9b).

Table 22.B-8. The hanges in area of land cover classes from 2017 to 2023, km

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
1 |
Aghstev I —
||
Akhuryan [———— —
| |
Arpa - T —
|
Debed = - H Trees
o - Rangeland
| |
Hrazdan B B m Crops
! — m Built Area
Metsamor s B
| 1
Vorotan [r— E——
-200 -100 0 100 200 -20.0 0.0 20.0 40.0 60.0
Changes, ki Changes, % relative to 2017
a b

Figure 22.B-9. Absolute (krf) 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 ofecosystems\egetationtypes)

2.3.A.Ecosystem atent at national and marz levels

Vegetation types most accurately reflect the characteristics of terrestrial ecosystems, because vegetation reflects all
the main habitatconditions(climate, soil, topography) and forms the trophic basis of ecosystems and largely determines
both their functioning and their species diversifihe assessment of the extent@fosystentypes was made based on
a vegetation map created by the project experts Alla Aleksanyan and Vaskryan(Fig. 23.A-1a). The map was
created based on Barseghy&007)and dher materials.

The current natural area of vegetation zones is defined as the potential area of a given vegetation type minus cropland
and builtup areas based oRsriland cover data 2028ig. 23ALb). The current distribution of forests Esoderived
from Esriland-cover data (Fig..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 tgp

Alpine meadows and carpets
Broadleaf woodland
[ Desert

W Forest =8 \
‘ B ESRI 2023 Trees extent
. Juniper

Marsh a

Meadow-steppe

Semidesert
[ steppe
B subalpine meadows
Figure 23.A-1. Maps of vegetation: apotential distributionof vegetationtypes b) current natural area of vegetation
zones c)ecosystem typesncludingcurrenttree coverFor detailed map segrojectWeb GIS
(https://bccarmenia.nextgis.con)/, sections Ecosystem Extent/Vegetation/Vegetation map 2025

According tcEsridata, the most humastransformed vegetation zone is sewhésert, whereonly 56% of natural areas
haveremaired as it islt is followed by marshes arsteppeswith 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, measteppe, and steppe zones. In the remaining zones, the
tree cover identified byEsrioccupies a very small araa ¥ N2 Y 51 [h2he marsh Xonepwater bodies occupy a
substantial area (Lake Sevan is excluded from the anafysisle 23.A-1; Figure ZB.A-2).

Table 23.A-1. Current aea of land cover classes across vegetation zdme5,

Grass Tree Bare | Snow/ | Flood | Water | Crops | Builtup Total Share of natural

lands cover | grd Ice veg. 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
Meadowsteppe 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
Forestzone 2892.93| 2431.91| 3.91 0.00| 0.60| 30.37| 155.70| 199.61| 5715.04 93.78
Broadleaf wootl 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 0.00 290 | 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| 4554 85.81 32.63 399.30 70.34
Total in Amenia | 20142.95| 3140.75| 35.35| 12.00| 8.46 | 128.82| 3448.92| 1555.56| 28472.82 82.42
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Alpine vegetation ! 100
{ dzo I £ LIAy-SX — 98
Meadow-steppe - - 83
Steppe u -_— 76
Forest zone | . 94
. N2l RESEFX — — 82
Juniper = 99
Semidesert 1 I 56
Desert - 90
Marsh | — —— 70
Armenia — - 82
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Share of natural area, % Share of natural area, %
Grasslands B Tree cover Bare ground Snow/Ice
m Flooded veg. m Water Crops | Built-up

Figure2.3.A-2. Share of land cover classes across vegetation zones, %

Considering all treeovered areass forest, the most widespread natural areas are in steppe and subalpine zones

AAAAAAA

6SEOSSRAYI pznnn 1Yy FyR nZnann 1Yy NBAELSOGADSStE&0sT TF2ft

I LILINR E A YI (i STheésmall&sizanas afie ¥harshes andgenwoodlands (Z0and 101 Yu 2 NB a LIS OG A @S¢
la GKS SEGNBYS avlitt RS&ASNI 12ySs GKAOK3ABRyarada 2F |
Alpine vegetation 1648
Subalpine meadows m———————————— /] 2 0/
Meadow-steppe 2587
Steppe 5233
Grasslands in forest zone 2897
Forests m-——-——S—S,ssssssssssssssssssssseesssssssss 31471
Broadleaf woodland meesss——= 698
Juniper 130
Semidesert 2468
Desert 7
Marsh 231
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Area, kn?
Figure 23.A-3. Area of naturakcosystentypes knv

Theecosystemextent (i.e., the areanot occupied by croplands or builip areas)s the greatest in Syuniknarzand
the smallest in Armavir marz (Tabl82\-2; Figure 23.A-4). Forest@and grasslands in forest zonecupy the largest areas
in the Lori, Syunik, and Tavustarzes Alpine and subalpinecosystemsre most extensive in Syunik and Gegharkunik
marzes.Steppe and meadowteppe occupy substantial areas across all marzes except Armavir and Tavush, with the
greatest extents in Gegharkunik and Shirake largest areas of natural seragért have been preserved in the marzes
of Aragatsotn, Armavir, and Ararat.

Aragatsotn L I

Alpine
Ararat = EE—— B Subalp
Armavir Meadow-steppe
Gegharkunik I I . u Steppe
Kotayk wmm s Grasslands in forest zone
Lori r— — EEE— m Forests
Shirak = — — Juniper
Syunik IEEEs—— EEE— — Broadleaf Woodland
Semidesert
Tavush s I
Desert
Vayots Dzor = i Sl Marsh
0.0 1000.0 2000.0 3000.0 4000.0 5000.0
Area, knd

Figure 23.A-4. Extent of naturalegetationtypesacross marzeis 2023
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Table 23.A-2. Extentof naturalecosystemsanthropogenid

2. Ecosystem Extent. 2.3. Extent of ecosystems

and cover classes, and watex¢ludingSevan Lake) by

marzes in 202&n7
% i Q =5 o 5
s | 2| 3| 2| €| 8| & 28| 8|2 25 & |5|5| =
s 8| 2| 2| s | 5|2 |%93| 5 5|88 £ 8| ¢
= O a < 7} 9 0 g g i B 5 g 8 [a} S
(] (O
=
Aragatsotn 34| 4434 140.3] 2045 107.1] 502.7| 517.5] 429 489 0 0| 746.6] 0| 53| 27626
Ararat 37.9| 303.4| 176.6] 37.2| 629 308 7332 1762 26.1 0| 95| 4441 69| 49.8] 20046
Armavir 6.7) 609.6] 183.2 0 0 0 0 0 0.4 0 0| 4488 0| 6.9 12556
Gegharkunik | 28.2| 407.2] 192.9] 389.9] 1280.8] 400.3| 817.8] 227| 127.9] 20.8] 10.6 o 0] 92.8] 39962
Kotayk 26| 2675 183.8] 1139 1759 221.7| 451.6] 2726 155.1 o] 17| 2788 0| 82| 21334
Lori 47| 307.2] 1515 45| 847.9] 6495 337.3] 526.4] 899.2 0] 418 o 0| 313 38418
Shirak 30.9] 758 1455 1283 403.9] 4135 823.9 0] 137 0 0] 173 0o 29| 2764
Syunik 15| 228.7 72| 5243 8131 291.1] 781.4] 871.8| 487.4] 12.6| 1457 1102 0| 65| 43598
Tavush 44| 821 97.7 0.3| 210.9 0 6.5 534| 1343.7 0| 483.5 0 0 0| 2763.1
Vayots Dzor 23| 329| 449 210.7| 3851 77.7] 763.3] 246 37.9] 96.3] 4.6 3647 0| 08| 20672
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 SEHAAand GEA, the national ecosystem classification can be
reclassified into IUCN GET (Tahl®A-3). Maps of ecosystems and data on their extent in accordance with the IUCN GET

are presented in Section 7.

Table 23.A-3. Reclassification of vegetation

map and land cover classes to the IUCN GET

Ecosystem classification accepted in EA PV1 IUCN GET
Alpine vegetation T6.4 Temperate alpine grasslands and shrublands
Subalpine meadows T4.5 Temperate subhumid grasslands
Meadowsteppe T4.5 Temperate subhumid grasslands
Vegetation | Seppe T5.1Semidesert steppes
map of Grasslands within forest vegetation zone| T4.5 Temperate subhumid grasslands
Armenia | Juniperwoodlands T4.4 Temperate woodlands
Broadleaf woodlands T4.4 Temperate woodlands
Smidesert T5.1 Semdesert steppes
Desert T5.1 Semdesert steppes
Trees; Tree cover T2.2 Deciduous temperate forests
Land cover | Builtup areas T7.4 Urban and industrial ecosystems
data Crops; Croplands T7.1 Annual croplands
Water; Permanent water bodies Water

2.3 B. Ecosystemarity in Armenia

Currently, desert, junipg and marstzoneshave the smallest natural areas (less than 1% of Armenia's. 8esgdleaf
woodlandsare also rare (2%)The most widespread are stepmnd subalpineneadows(18%and 14% followed by
forests (11%). Other types of grasslands account from 6% to 10% of Armenia's area and can be consideregrFégmmon

2.3.B1, 23.B2).

Desert = 0.02 < ERA G i?},
. Qe roe s §
Juniper ® 0.44 Vinams e,
Marsh m 0.77 R SR e
Broadleaf woodland === 2 33 4 Sog! ¢
. . /J 2 .
Alpine vegetation 5.56 Loy ' (. A\
. rmenias . .
Semidesert 8.31 area, % % \ N
Meadow-steppe 8.57 0 y. o > « 2
Grasslands in forest zone 9.72 l i N i (
Forests 10.41 6 Ity ¥ q‘
Subalpine meadows 14.36 8 PR O
Steppe 17.55 n O R
0.00 5.00 10.00 15.00 20.00 - TS
Share of Armenia's area, % 18 %Q )
- |-y

Figure 23.B-1. Ranking oécosystentypes by rariy and the map oecosystenarity
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To assess the importancemfrzesfor conservingecosystem diversitin Armenia, we used thimdicator of theshare
of the national area of ecosystem types that is conserved within the marzes and the sugs®values in marzg$able
2.3.B-1). This approach was applied to ensure that the value of rare ecosystems is not dimimsicedding to this
ONRGSNR2Y X

02 dzy (i NB Q&

2yt 8

G§KS YI NJ

27T

2. Ecosystem Extent. 2.3. Extent of ecosystems

I N NJ

A a

GKS Yzal

AYLER NI Iy
R Sgh 84\iE of ByNdikimars is dereiminetl bydtiie $act Kat it encompasses the full

'.F

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 thigh proportion of juniper woodland@igure 23.B-2).

Table 23.B-1. Share of the national area of ecosystem types that is conserved within the pfArzes

D n O+ = e (45
g, 55| 82 &|2fe 8§ Bl 5| E.| 3| gl
2¢| 85| §¢8 2| 8-38 5 S| g8| €T 8 s |8
<7 ge| 2¢ | 955 TS 58] 8 °l =
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 6.80 | 410| 857| 863 9.41| 494| 000| 024| 11.57| 000| 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| 492| 000| 012 1843| 42.79| 000| 69.33| 0.00| 0.0| 0.00 | 13561
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
Aragatsotn " — Alpine vegetation

Ararat 1 ]

Armavir
Gegharkunik

Kotayk HE BN =

Lori ~o——

Shirak |

Syunik
Tavush m
Vayots Dzor

0

Figure2.3.B-2. The sum of the shar€%o)of the national area of ecosystem types that are conserved within the marzes.

The vegetatiortype transition matrix shows how areas of vegetation zones tradsitto landcover classes (e.g.,
steppe vegetation converting to croplands, buift, bare ground, or tree cover, and vice versa). Zmneone vegetation
transitions are not recorded in PV1, because the zone boundaries did not claiye 23.G-1 presents aggregated data:
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2.3.C Changesn ecosystemextent from 2017to 2023

bare ground and snowl/ice are added to the natural area of the corresponding vegetation zone, and the areas of water

and flooded vegetation are combingtbr full matrix seeAppendix2.3.G1; for matrix of relative changes see Appendix
2.3.G2). Data on transitions from the natural areas of vegetation zones to anthropogenic territories and to tree cover
LJ2 LJdzt éxter® NIRSdactivas! inexeAtl ARW a0 K &

and back I £ £ 2 &
2.3.G2).
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croplands. The totalincred S Ay ONER LX | YR
conversion of croplands back into grasslandgs weaker and could not compensate for their loss. The exceptions are
semideserts and woodlands, where the reveremnsition from croplands exceeded new agricultural expansion. Based
on the formal ratio of areas over the spear period, the intensity of agricultural development in these zones has
decreased. The opposite trend is observed in meadtppes and alpine sadows, where reverse transitions are
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extremely small, indicating an increase in agricultural expansion intensity (Figure.3.C
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Table 23.G1. Aggregated vegetation type transition matrix from 2017 to 2023 km

18N
2023: Desert
0.1

8 E [} (= ‘T (%) g o 8
£ ) =2 ] = t=d §2} o o~
2o|2%8 |82 & | 284 2 |88/ e8| g | G| 8 |2 8| 2 |83 |2¢
2282 | 38¢9| 2 | 8505 |8¢8/38|8| 2| 5 |88 &§| 5 | =¥ |82
= o o ol 8 =1
a 2o n ] ) & = - | QO £ g8 o 5 = h
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| 28415 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
Grasslin forest zone 0.0 0.0 0.0 0.0| 2628.1 0.0 0.0 0.0/ 0.0 0.0| 1436| 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 wodl 0.0 0.0 0.0 0.0 0.0 0.0 640.4 0.0 0.0 0.0 36.2 25 249 6.6 710.6 70.2
Semidesert 0.0 0.0 0.0 0.0 0.0 0.0 0.0 22749 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 2125 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 42| 0.0 53 0.5| 110.9 9.2 2.4 1375 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| 1380.7 441
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) 22955
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| 22955
Reductions Additions
2017: Alpine vegetation
3.0
2017: Subalpine meadows
839
2017: Meadow-steppe \\
289.4 \
ON
ST 2023: Crops
=2I0ppe 969.6
403.8
2017: Grasslands in forest zone
2221
2017: Juniper 2023: Built-up
1.3 219.8
2017: Broadleaf woodland
70.2 2023: Water and flooded veg.
26.3
2017: Semidesert
203.8 2023: Forests
231.0
2017: Desert
n2 2023: Alpine vegetation
2017: Marsh 4.8
243 2023: Subalpine meadows
76.9
3 2023: Meadow-steppe
2017: Forests
369.8 353
2023: Steppe
193.1
2017: Crops 2023: Grasslands in forest zone
553.0 268.7
2023: Juniper
22
Ry 2023: Broadleaf woodland
2017: Bullllt“u;) 57.2
2017: Water and flooded veg.
26.6 2023: Semidesert
192.6
2023: Marsh

Figure 23.G1. Transitions between vegetation zones and land cover cle8sHgansitions (categories remaining the
same) are not shown. The total losses and gains in the diagram differ slightlyhiedrable2.3., -1 because they were
computed by SankeyMATIC using a different rounding approach for totals.
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2. Ecosystem Extent. 2.3. Extent of ecosystems

Alpine vegetation 1.3 -1.0
Subalpine meadows -60.9 126 -48.3
Meadow-steppe-270.0 20.3 -249.7
Steppe_370 > 162.8 -207.4
Grasslands in forest zone -54.9 21.8 -33.1
Juniper 02 3o 0.2
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Changes, ki
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Figure 23.G2. Transitions between vegetation zones and croplands

Table 2.3.-2. Accountingable of vegetation typeextentfor 2017and 2023, kn?

Alpine Sub Mea- Step Grassl. | Juni Broad Semi Desert | Marsh Fo
vege- alpine dow- pe in per leaf desert rests
tation mea | steppe forest wood-
dows zone land
Openingextent 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 toextent 4.76]  76.90 35.29] 193.11] 268.77 2.17 57.23| 192.71 0.06] 18.04] 230.88
Managedexpansion NA
Unmanagedxpansion NA
Reductions irextent 3.05] 83.84] 289.36] 403.76] 222.11] 1.24] 70.20] 203.62] 0.27] 24.26] 369.92
Managedreductions NA
Unmanagedeductions NA
Net change irextent 1.71 -6.94| -254.06| -210.66 46.66 0.93 -12.97| -10.92 -0.21 -6.22| -139.04
Closingextent 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¢ see dicussion below
Closingextent in 2024of 1642.88| 4216.62| 2552.11| 5039.48| 2628.08 127.54| 640.43| 2274.91 6.79| 212.55| 2909.87
ecosystems unconverted
since 2017

Considering not only the netxtentchanges but also the transitions between natural ecosystems and anthropogenic
O0A2RADS

FNBFa YR OA0S OSNAEIF Aa ONHZOAIE F2N O2yaSNBAy3
evident that any new additions to ecosystem area rasglfrom transitions out of croplands or builp 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 ecosystemm reality, these are abandoned fieldswastelandghat, in terms of biodiversity
and ecosystem functioning, are far from natural ecosystentmis, 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 23.G-2). To set up accounting einchangechatural ecosystems, it is advisable to designate areas converted from

croplands and builtizL) F NBI & | &

Gl ol yR2Y SR EtatiSrfzéna. Uhdgr Ructiakcoudting, theirA (i K A

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 andpbaikas
decreased. The exceptions are grasslands in forest zone, juniper woodlands and alpine vegetation.@@BreThe
mostsignificantreductions both in absoluteandrelativeterms, occurredin the meadowsteppes (254 knt, 8.9% relative
toareain 2017 1 SLJJSa yR F2NBaidia RSOt AYySR o6& NRdAAKf & m:
vegetation types are small in absolute tesmonly a few squar&ilometers

correspond to relatie declines of 2.6% and 3%spectively comparabl® the reductions in steppe and forest. In other
words, for the purpose of conserving ecosystem diversity, they are no less important than the 100 1 Y u
observed for steppe and forest.
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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
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Alpine vegetation 1.7 0.1
Subalpine meadows -6.9 1 -0.2 1
Meadow-steppe254.1 -8.9
Steppe -210.7 -3.0 m—
Grasslands in forest zone 46.7 1.6

Forests -139.0 m—— -4.2 —
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Semidesert -10.9 -0.4
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-300.0 -200.0 -100.0 0.0 100.0 -10.0 -5.0 0.0 5.0
Changes, ki Changes, %

Figure 23.G3. Net dhanges in area of vegetatidgpesfrom 2017 to 2023

Changes in the natural vegetatitypesfrom 2017 to 2023 are small in absolute tenman the order of tens of square
kilometers or less. The most noticealallesolutelosses of naturalegetationoccurred in the steppe and meadesteppe
zones, especially in the Shirak, Gegharkunik, andriaosdes as wellasin forests in the Syunikarz(Fig.2.3.G4a; Table
2.3.G3). However, in relative terms (the share of area lost or gained relative to 2017, %), the largest loss of tree cover is
in Armavir marawith 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 téfig®.3.G4b; Table 23.G3).

Table 23.G3. Extentof natural vegetation types, ahtopogenic land cover classes, and water ligdiaog Sevan Lake) by
marzes in 2017 and in 2023 and changes in it

Q — fud -06 2

s e | g e |2 33| 2 |85| 8|2 28|28 5|5 see

£ S| 2|5 |5 |88|5 |93| & |€ (88| ¢ 8|8 |=2%

= o a < ) 29 ) 8 g s S 1588 g a| = g29

Chas O

Aragatsotn 35| 384 127.3] 204.3] 108.2] 564.4] 510.5| 42.4| 532 0 0| 759.2| 0| 58] 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 79| 6452 1465 0 0 0 0 0 25 0 0| 448] o 56| 4561
~ |Gegharkunif 28.9| 316.6] 182.4| 389.3| 1292.6] 420.5| 878| 230.9| 133.6] 20.7| 88 0| o] 93.9] 3468.3
S |Kotayk 25| 272.6] 156.2] 113.3] 168.8] 219.2| 456.8] 271.1] 174 0| 1.7] 288.6] 0] 8.6 17021
= |Lori 32| 194.2] 141.7] 441] 851.1] 701.1] 385.1] 554.3] 885.4 0| 50.2 0| o] 317 3503
= |Shirak 27.2| 547.7] 140.2| 127.9| 427.1] 512 910.9 o 134 0 0| 17.4] o] 40.2] 20489
£ [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] 41103
w | Tavush 4] 916] 931 0.3] 205.2 0 59| 536.6] 1331.5 0| 494.9 ol o 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] 47| 3646 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
Aragatsotn 3.4| 443.4] 140.3] 204.5] 107.1] 502.7| 517.5] 42.9] 489 0 0| 746.6] 0| b5.3] 21755
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| 4488 o0 6.9 4561
« |Gegharkunik 28.2] 407.2] 192.9] 389.9]| 1280.8] 400.3] 817.8] 227| 127.9] 20.8] 10.6 0| o] 92.8] 3367.9
S | 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] 16795
Y [Lori 47| 307.2| 151.5| 453| 847.9] 649.5| 337.3] 526.4| 899.2 0| 418 0| 0] 31.3] 33787
= | Shirak 309 758| 1455 128.3] 403.9] 413.5] 823.9 ol 137 0 o[ 173] 0O 29| 1829.6
£ [Syunik 15| 228.7 72| 5181| 813.1] 291.1] 781.4| 871.8] 487.4| 12.6] 1457 110.2] 0| 6.5] 40379
W Tavush 4.4 821 977 0.3] 210.9 0 6.5 534| 1343.7 0] 483.5 o] o o[ 2578.9
Vayots Dzor| 2.3| 32.9] 44.9] 210.7| 385.1] 77.7] 763.3] 246] 37.9] 96.3] 46| 364.7] 0| o0.8] 21871
Total 136.1| 3440| 1388.4| 16482 4287.6| 2587.3| 5232.5| 2896.9| 3140.3] 129.7| 697.4| 2410.5| 6.9] 230.6| 23267.9
Aragatsotn 0| 59.4 13 01| -11] -617 7.1 04| -42 0 o[ -12.6] o] -05] -725
Ararat -1.9] -52.8] 324 -01 0.3 0 2.5 1.4 -43 0 0 19| -0.2] 3.7 22.3
Armavir -1.2| -35.6] 36.7 0 0 0 0 o] -21 0 0 09| o] 13 0.1

& |Gegharkuni{ -0.7| 90.6] 10.5 0.6 -11.8] -20.2[ -60.2] -39] 5.7 o] 18 ol o] -11] -1005
~ [Kotayk 01| 5.1 276 0.6 7.1 25| 5.3 15| -18.9 0 o] -9.7] o] -04] -226
°§> Lori 15/ 113] 98] 11| -31] -516| -47.8] -279] 1338 0| -84 0| o] -0.4] -1243
& | Shirak 3.7] 2103 5.2 0.4| -23.2] -98.5] -86.9 0 0.3 0 0 0.1 of -11.2] -219.2
O ['syunik 44| 628 7.3] -11] 193] -246| -205| 719 -121.3] 0.7 51| -04] o] -14] -723
Tavush 04| -9.4 4.6 0 5.6 0 0.6|] -26/ 122 0| -11.4 o] o 0 4.4
Vayots Dzor| -0.4| -1.9 5.6 o] -01 o] -01 57| -89] 02 -01 ol o 0 -3.3
Total -2.9| 431.3] 1527 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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Figure2.3.G4. Changes imatural aress of vegetationtypesby provinces from 2017 to 2023: a) absolute change$, km
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), dighasthhyAsatryan,
and theEsriland cover data for 2023 were usethe current distribution of vegetation types was considered as potential
vegetation zone$F|gure 23.D-1a), excluding croplands and builp areas based oBsridata for 2023 Figure 23.D-1b).

I 1. Desert with dominance of Halocnemuna(sazan desejyt

- 2. Desert with dominance of Calligonum polygonoidesh(dgun desejt

[] 3. Desert with dominance dichillea

[ 4. Gypsophilous desewtith dominance ofGypsophi-Hammada

- 5. Desert with Salsola dendroidesafgan deseit

[ 6. Semidesert with dominance of Artemisia

- 7. Steppe with dominance of Bothriochloae@irdgrass steppe

[] 8. Grass and forgrass steppes with occasional tragacanth elements

|:| 9. Vegetation of newly exposed soil and ground

[] 10. Meadow steppe

- 11. Complex of phrygana, tragacanth shrubs, and tomillar

I 12. Juniper open woodlands

- 13. Deciduous open woodlands

I 14. Beechpak forest

[ 15. Beech forest

I 16. Dry oak forests witAraxoak in a complex with xerophytic open woodlands
[ ] 17. Dry oak forests with eastern oak

- 18. Oak and oakornbeam forest withGeorgiarjak

[7] 19. Oak and oakornbeam forest with eastern oak

- 20. Subalpine open woodlands (beech, birch, and oak) in a complex withiaati meadows
[] 21. Lower alpine meadows

I 22. Complex of alpine meadows, carpets, and demsiformations with tragacanth astragals
[ 23. Vegetation of the subnival belt

[ 24. Sedge bogs and wet meadows

Figure 23.D-1. Vegetation map of 1961: a) potential vegetation; b) vegetation excluding croplands andaiteas in
2023.For detailed maps sgwojectWeb Gl$https://bccarmenia.nextgis.con)/ ection Ecosystem Extent/Vegetation
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potential distribution areas of the two rarest desert types (2 and 4), each occupyiigi a

Ranking of vegetation types by their current rarity (ffgg23.D-2) shows that, at present, all desert typeg§] as
gStf a AdGSLIIS 6AGK R2YAYylLyOS 27

20KNR 20Kt 21 o6ae

KLYy wmn

2. Ecosystem Extent. 2.3. Extent of ecosystems

LS 10
1 Yuz

preserved and mostly not covered by croplands or buyltareas according tBsridata. The distribution area of steppe
with dominance of Bothriochloa (7) also appears to be relatively well preserved.
The most sevealy affected was the desert with dominance of Achillea (3), of which only 7% remains, as tell as
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 amonajl types shown on the map.

wStFiABSte NINB @S3SilGAz2y (arLidducksaOdznipek gpeh woolldng @5y M n
13) and variants of oak forests (16, 17)have relatively welpreserved distribution areas, with §89% remaining.

Among the more widespread vBgi I 1A 2y (& LJS&asx 200dzkRAy3

0SUsSSy

Haon Y

observed only for sedge bogs and wet meadows (type 24), which declined to 63%. The distribution areas of other types
T subnival vegetation, subalpine open woodlands, variafitsaik and birckoak forests, as well as shrublardshave

been largely unaffected by human activity, withc390% of their area remaining intact.

lY2y3a GKS 02YY2Yy YR 6ARSEALINBFIR @S3SilidAaz2y GeLSa
occurred in semdesert with dominance of Artemisia (type 6) with 57% remaining and the most widespread vegetation
zone- grass and forkgrass stepps (type 8) with 75% remaining, both of which are located in areas of arable agriculture.

Table 23.D-1. Poterial and current areas of vegetation types and the degree of their preservation

Area share not

Area not occupied by

Total occupied by | croplands and

Vegetation zones potential croplands built-up areas

9 distribution | and builtup relative to the

area, km2 areas in total potential

2023, km2 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 GypsopHéenmada 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 forgrass 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. Beeckpak forest 650.5 625.7 96.2
15. Beech forest 1934.6 1884.0 97.4
16. Dry oak forests witAraxoak 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 oakornbeam forest withGeorgiarjak 1252.1 1088.1 86.9
19. Oak and oakornbeam forest with eastern oak 737.8 728.2 98.7
20. Subalpine open woodlands (beech, birch, and oak) in a complex wihnassi meadows 360.6 360.5 100.0
21. Lower alpine meadows 4398.9 4370.6 99.4
22. Complex of alpine meadows, carpets, and deosieformations 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 23.D-2. Potential area of vegetation types and their current state: a) potential area of each vegetation type and

the area remaining as of 2028egetation types are ranked by their rarity in 20BBshare of the area not occupied by
croplands and budtp areas relative to the total potential distribution area, %.
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2.4.Extentof natural landscapes

2.4.A.Extent of natural landscapei 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 AFf8nialong withEsriland cover
data for 2017 and 2023 as well as ESA 2021 data for comparison (Fi. 24A

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

Landscape zones of Armenia

v | High mountain alpine

v . High mountain subalpine

+ [ High-altitude snow-cowered

v | Low and middle mountain forest shelter belt
v . Low and middle mountain forest

v . Low mountain, dry steppe

v ]:] Middle mountain meadow steppe

v . Middle mountain steppe

v Mountain-valley semidesert

v :Submountain semidesert

ESRI Land Cover (2023) ESA landcover 2021

. Water [l Tree cover

Il Trees [ shrubland

. Flooded Vegetation D Grassland

. Crops [] cropland

[ Built Area [l Buittup

. Bare Ground A . Bare / sparse vegetation
[ snow/ice [Jsnow and ice

[ ciouds [l Permanent water bodies
[] rangeland [l Herbaceous wetiand

[ mangroves
I:‘ Moss and lichen

Figure 24.A-1. The maps used for estimation of the extent of natural landscémesletailed maps see projaateb GIS
(https://bccarmenia.nextgis.con)/section "Ecosystem extent"”
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According taEsridata, the most humastransformed zone ismountainvalleysemidesert, 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, respectivetiighhmountain snow-covered, alpine, and subalpin®res have been
almost unaffected by human activitiforests are most widespread in zor@fslow-middle mountain forest (38%) and
low-middle mountain forest shelter belt (17%)hereare almost no forests in the half of landscape zonbgh-altitude
snow-cowered, alpine, dry steppe, and sedéserts (Figure2.4.A-2 and 24.A-3; Table 24.A-1).

ESA data show a generally similar picture vaitih smaller builtup areaandlarger areaf tree cover andbare ground
which is particularly noticeable in the sexéserts, dry steppe, and forest shelter b@figure 24.A-2 and 24.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 insubmountain semideserone in the ESA data is entirely due to this factall trees there are located inside
settlements(see Sedbn 2.1.A). In the serdesert zone, some areas classifiecHsyias 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 inEsridata.

Esri 2023

High-altitude snow-cowered
High mountain alpine 1
High mountain subalpine mm

Middle mountain meadow steppe = I ]
Middle mountain steppe = I ]

Low mountain, dry steppe I I
Low-middle mountain fore:St | |
Low-middle mount. forest shelter belt - ———— I ]
Mountain-valley semidesert — I
Submountain semidesert I

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

B Trees = Rangeland m Bare Ground m Snow/lce m Water/Flooded veg. m Crops mBuilt Area

ESA 2021

High-altitude snow-cowered [
High mountain alpine &

High mountain subalpine mm I

Middle mountain meadow steppe |

1

Middle mountain steppe == 1 ]

Low mountain, dry steppe mm ]
Low-middle mountain fore.s B |
Low-middle mount. forest shelter beltn ——————— 11 m
Mountain-valley semidesert m | I
Submountain semidesert m— —

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

H Tree cover Grassland B Shrubland H Moss/lichen Bare/sparse veg.

Snow/ice m Water/watlands m Cropland m Built-up

Figure 24.A-2. Share of land cover classes within landscape zaoesrdingesri2023 and ESA 2021 data
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Figure 24.A-3. Share of area of natural land cover classes within landscape zones (%) acEsriding ESA data

Table 24.A-1. Area of land cover classes within landscape zaesrding toEsri2023 data, km

Bare | Snow/ Water/ Built
Trees | Rangeland Ground | Ice Fl\clngged Crops Area Total
High-altitude snowcowered 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| 197562
High mountain subalpine 125.93 4222.75 3.73 0.00 2.73 49.13| 10.25| 441452
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| @795.24
Low mountain, dry steppe 3.21 1461.86 3.35 0.00 5.61| 454.76| 329.90| 225869
Lowmiddle mountain forest 2361.03 2261.51 2.81 0.00 50.26 | 133.77| 180.49| 4989.87
Lowmiddle mount. forest shbelt 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 14450| 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 24.A-2. Area of land cover classes within landscape zatesrding to ESA 2021 data, km

Tree Grass | Shrub | Moss/ Bare/ Snow/ Water/ Crop Built-

cover land -land | lichen S\F/):;e ice flogde land up Total
Highaltitude snowcowered 0.01| 189.85 0.00 8.91 34.14 0.44 1.37 0.00 0.00| 234.72
High mountain alpine 2295 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
Lowmiddle mountain forest 2751.63 2034.38 297 0.00| 10.54 0.00 3.74| 12238 62.19| 4987.84
Lowmiddle mount. forest shbelt 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 0.00f 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
15cm ez 2 T leddofy ¥ itldR dnountain steppe and meadow steppe, subalpine and forest zones. Mountain
valley semidesert zone is shrinking theost ¢ from 5.4% to 1.4£.3%¢ as it has been transformed by human activity to
the greatest extent. Differences in the estimated extent of natural landscapes bet®gdsnd ESA are greatest for the
zones most heavily transformed by human activity, as ESA identifies smaller areas of croplands -ampdliéuit(see
above).

Entire Natural landscape Natural landscape
landscape zones area, Esri 2023 area, ESA 2021
High-altitude snow-covered! 0.79 0.66 0.79
High mountain alpine 6.65 6.66 6.63
High mountain subalpine s 14.76 e 14.72 e 14.49
Middle mountain meadow steppe 16.67 14.73 15.23
Middle mountain steppe I 22.08 IS 16.35 s 16.66
Low-middle mountain forest m—— 16.77 I 15.64 I 16.15
Low-middle mountain forest shelter belt 3.98 3.37 3.53
Low mountain, dry steppe 7.63 4.96 6.09
Mountain-valley semi-desert 5.41 1.41 2.34
Sub-mountain semi-desert 0.06 | 0.05 | 0.05
0.00 20.00 40.00 0.00 10.00 20.00 g0 10.00  20.00
Share of Armenia’s area, % Share of Armenia's area, !

Share of Armenia's area,

Figure 24.A-4. The share of landscape zones and natural landscapes in Armenia'’s total area, %

2.4.B. Changes in extent ofatural landscapes from 2017 to 2023 based Baridata

The extent of most natural landscapes decreased from 2017 to 2023 due to the expansion ofducupied areas
(croplands and builtip zones), as described in the Section 2.2.B. A noticeable increase in mataslvas observed
only in mountairvalley semidesertin Armavir and Araramarzes(see Section 2.4.C below)

High-altitude snow-cowered 0.8 0.4
High mountain alpine -1.0 -0.1
High mountain subalpine -24.2 -0.6
Middle mountain meadow steppe -242.9 -5.3
Middle mountain steppe280.5 = — -5.5 me—
Low and middle mountain forest -23.0 = -05 =
[26 YR YARRES Y2dzydl Ay F2NBHR G X 0.0
Low mountain, dry steppe -33.9 -2.3
Mountain-valley semidesert 32.1 8.5
Submountain semidesert -0.4 -2.4

-350.0 -250.0 -150.0 -50.0 50.0 150.0 -10.0 -5.0 0.0 5.0 10.0
Changes, km2 Share of area relative to 2017,%

Figure 24.B-1. Absolute and relative changes in natural landscape extent

2.4.C Naturallandscape extent amarz level

In terms of the extent of natural landscapes in marZesjand ESA provide a very similar picture. The main part of
the forest landscape zone is located in three mamzdsori, Tavush, and Syunik. The largest areas of alpine and subalpine
landscapes are found in Syunik and Gegharkunik, although these landsocajp¢soanotably present in all other marzes
except Armavir and Tavush. Steppe landscapes are present in all marzes, but in Tavush andwArenatfireir area is
small. The remaining natural areaf mountainvalley semidesert are mainly located in the Ararat and Armamarzes
Submountain semilesert is represented by small patches only in the south of Syunik(figire 24., -1; Tables 2., -

1, 24..-2).
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Figure 24._-1. Area and share of natural landscapes in marzes

Table 24., -1. Area of natural landscapes, basedEsri2023 land cover data, ki

Landscape zone Aragat Ararat Arrpa Geghar Kotayk Lori Shirk | Syunik | Tavush Vayots
sotn vir kunik Dzor
Highaltitude snowcowered 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 2725 0.0 160.4 0.0 19.0 0.0 0.0 224.1
Lowmiddle mountain forest 50.1 55.7 0.0 284.5 231.3 1448.1 | 0.0 854.0 1595.4 | 106.3
Lowmid. mount. forest shelter belt| 0.0 33.7 0.0 53.3 0.0 81.3 0.0 338.2 489.3 0.0
Mountainvalley 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 24._-2. Area of natural landscapes, based on ESA 2021 land cover ddta, km
Landscape zone Aragats Ararat Arma- Geghar Kotayk Lori Shirak | Syunik| Tavush Vayots
otn vir kunik Dzor
Highaltitude snowcowered 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 1191 | 63.1 212.4 | 639.3 | 16.7 282.8
High mountain subalpine 393.5 2714 | 0.0 842.9 2875 | 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 | 4119 | 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
Lowmiddle mountain forest 59.0 54.8 0.0 286.9 222.7 1502.0 | 0.0 836.1 | 1567.9 | 102.7
Lowmid. mount. forest shbelt 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 1475 | 186.3 0.0 0.0 0.0 0.0 0.0 0.0 36.1
Submountain 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 theEsriland-cover data, the natural area of steppe and meadst@ppe landscapes decreased in all
marzes except Vayots Dzor, Tavush, and Ararat (these landscape zones are absent in Armavir); subalpine landscape
decreased in Shirak mars; lewountain dry steppe; in Aragatsotn and Armavir marz@sigure 24.G2; Table 24.G3).

The only noticeable increases in the natural (fooopland, norbuilt-up) area of landscape zones are the increase in
mountainvalley semidesert area in the Ararat andmavir marzes and in areaf low mountain, dry steppe in Ararat,
driven by a reduction in cropland in these marzes (see Section 2.2.B)

Table 24._-3. Changes in the aras®f natural landscapes from 2017 to 2023, % relative to 2017

é sl B g, fx] % = E § E ‘é 5 3
s 3 Es| & & = 3 S g
£ = |27 32| 2 - o a | 8 | &0 F
Changes, km2
Highaltitude snowcowered 0.01f 0.02] 0.00f 0.00f 0.73] 0.00 0.00] -0.02] 0.00] 0.00 0.75
High mountain alpine -1.34| -0.06] 0.00f 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
Lowmid. mount. forest shelter beltf 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| 0.00f -0.66] 0.00, 0.00| -1.19 -33.88
Mountainvalley 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/ 0.00f 0.00f 0.00f 0.00{ 0.00 0.00| -0.37] 0.00] 0.00 -0.37
Share of changed area, relative to 2017, %
Highaltitude snowcowered 0.03] 0.39] 0.00f 0.00, 2.88] 0.00 0.00/ -0.03] 0.00] 0.00
High mountain alpine -0.91f -0.09| 0.00f 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| 0.10f 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
Lowmid. mount. forest shelter beltf 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] 0.00f -2.10{ 0.00/ -3.36/ 0.00{ 0.00] -0.53
Mountainvalley 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/ 0.00f 0.00{ 0.00, 0.00{ 0.00 0.00f -2.43] 0.00{ 0.00
Aragatsotn (B I |
Ararat \
Armavir
Gegharkunik I | . |
Kotayk i | W |
Lori 1] | I
Shirak | ] | I
Syunik I (.|
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Figure 24._-2. Changes in natural landscape extent from 2042023, based oEsridata: a) absolute change&n?; b)
share ofchangedarea relative to 2017, %
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2.4.D.Assessment of marz importance faonservation ofnatural landscapeliversity in Armenia

To assess the importance wifarzesfor conserving natural landscapes in Armenia, we used the indicator of the total
share of landscape areas located within ea@rzrelative 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 desriand ESA data are very similar, differing only in the positions of snamaswith similar
indicators in the middle of the lisAccording to the criterion we used, Syunik marz has the greatest value for conserving
I N¥SyAl Qa fFyRaoOlFKLS RAGSNEAGEZ 0SOlFdaAaS AG O2yidlAya GKS
zones. The high summed Syunik value is largelytadle fact that 100% of submountain semidesert zone occurs in
Syunik. However, even without it, 8yk still ranks above the other marzes. The least valuable are Shirak, Kotayk, and
Armavir marzes (Fig.2D-1; Tables 2.D-1 and 24.D-2).

Esri 2023 ESA 2021
Syunik E . Syunik Il .
Gegharkunik L Gegharkunik - .

Aragatsotn Il [
Tavush |
Vayots Dzor H
Lori =
Ararat 1§
Armavir
Kotayk == mma
Shirak 'm =

0 50 100 150 200 250 300

The summed share of differefgndscape their
total area in Armenia,%

High-altitude snow-cowered

H High mountain subalpine

m Middle mountain steppe

® Low and middle mountain forest
Mountain-valley semidesert

Tavush | .

Aragatsotn L |

Ararat (] B

Vayots Dzor u

Lori m
Armavir
Kotayk = N mma
Shirak ' ' m =
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The summed share of differel@ndscape their
total area in Armenia,%

High mountain alpine

Middle mountain meadow steppe

Low mountain, dry steppe

Low and middle mountain forest shelter belt
Submountain semidesert

Figure2.4.D-1. The rankings of marz importance for conservation of natural landscape diversity in Armenia. The total
percentage for provinces can exceed 100%.

Table 24.D-1. The sharef different landscapes in their total area in Armenia accordinggsaddata, %. The total
percentage for provinces can exceed 100%.

Syunik erghar Aragats Tavush Vayots Lori Ararat Arma— Kotayk | Shirak
unik otn Dzor vir
2023
Highaltitude snowcowered 28.05 20.71 20.11 0 10.74 0 3.03 0 135 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
Lowmid. mountain forest shelter bel{ 33.97 5.35 0 49.13 0 8.16 3.39 0 0 0
Mountainvalley semidesert 0 0 10.81 0 8.87 0 33.44 45.33 0 0
Submountain 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

Highaltitude snowcowered 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 3.1 114 9.3 5.6 0.0 6.6 114
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 0.0 135 19.4 10.9 1.3
Low and middle mountain forest 185 6.3 1.1 34.3 2.3 31.4 1.2 0.0 4.9 0.0
Lowmid. mountain forest shelter bel{ 33.8 5.7 0.0 48.7 0.0 8.4 3.4 0.0 0.0 0.0
Mountainvalley semidesert 0.0 0.0 11.7 0.0 9.8 0.0 32.7 43.6 0.0 0.0
Submountain 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 24.D-2. The sharef different landscapes in their total area in Armenia according to ESA 2021 data, %. The total
percentage for provinces can exceed 100%.

Syunik Geghar Tavush Aragats Ararat Vayots Lori | Armavir | Kotayk | Shirak
kunik otn Dzor

Highaltitude snowcowered 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 6.38 115 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
Lowmiddle mountain forest shelter belt| 32.32 6.6 50 0 2.99 0 8.1 0 0 0
Mountainvalley 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 valinglicatorschanged by no more than 3% across marzes (Figdrie-2). The value
for Shirak marz declined from 52.0% to 48.8%, primarily due to a decrease in the share of the national stepgew
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.

Aragatsotn || |
Ararat I |
Armavir |
Gegharkunik I ||
Kotayk | |
Lori |
Shirak . [
Syunik |
Tavush I

Vayots Dzor | |

-4.00 -3.00 -2.00 -1.00 0.00 1.00 2.00 3.00 4.00
Changes in the summed share of differtaridscape# their total area in Armenia, %

Sub-mountain semi-desert Mountain-valley semi-desert

Low and middle mountain forest shelter belt Low and middle mountain forest
H Low mountain, dry steppe ® Middle mountain steppe

Middle mountain meadow steppe m High mountain subalpine

High mountain alpine High-altitude snow-covered

Figure 24.D-2. Changes in marz importanf® conservation of natural landscape diversity in Armémen 2017 to
2023.
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2.5. Ecosystem atent estimated bylandscapeland cover classes (LLCCs)

Publicationn Bukvareva E., Grigoryan A., Dubinin M., Kazakov E. Integrating actual land cover data and landscape zone
map to assess terrestrial ecosystems in ArmeExglora: Environment and Resoud&96.
https://doi.org/10.36922/eer.4996

The assessment presented in this section uses the same data sources as Séctimnriap of landscape zoned
Armenia;Esriland cover data for 2017 and 2028ndESA 2021 dat

We intersectedten landscape zones witterrestrial land cover classesihe raster landscape map produced for
accounting the extent of natural landscapes (Section 3) was spatially interseithetthe 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. Forlexarfipal pixel value of 204
indicates that the pixel has arld cover value of two (e.g., trees) and a landscape value of four (e.g., low and middle
mountain forest).

TheEsriland cover dataset includes four terrestrial natural classes (trees, rangelands, bare ground, and snw ice)

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, espectively. We termed these combinations as LLCCs since they serve as proxies for ecosystems at this
stage of analysis without precisalgfining the ecosystems they represent. For simplicity of analys@Cwere grouped

into 20 combinations, woody (W) and navoody (NW) LLCCs in each landscape zone. We found it appropriate to
combine all NW natural classes (shrubland, grassland, moss and lichen, bare and sparse vegetation, and snow and ice)
into one categoy named NW 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 distinguishingmveen different nortree 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 classificalioa?, 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 andwondy areas with 10 landscape zones.

We used LLCCs as a proxy for ecosystems to assess ecosystem rarity and diversity. We estimated the rarity of LLCC:
based on their are@ LLCCs with the smallest area were considered rare. To assess the importance of provinces for
conserving LLCC diverdityArmenia, 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 withipeovince 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.Extentand rarity of LLC@ Armenia

In all landscape zonespn-woody LLCCombinations occupy the predominant areghe only exception is thiew
and middle mountairforest zone, wheravoody combinations account forB4 of thenaturalarea(Fig.2.5.A-1).
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High mountain alpine
High mountain subalpine -
Middle mountain meadow steppe I
Middle mountain Sste || e |
Low and middle mountain fore S
Low-middle mountain forest shelter belt |
Low mountain, dry steppe
Mountain-valley semi-desert
Sub-mountain semi-desert

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00
Share of Armenia's area, %

Figure 25.A-1. Extent of noAvoody LLCC combinations (shown in different colors) and woody combinations (shown in
black) across landscape zones in Armenia

The area of the 20 analyzed M/CCand NW LLCCmsangefrom 0.005 kmto 4,700 knd. Half of these LLCCs occupy
FM: 2F GKS O2dzy i NBEQa | NBI | YR O25A2)TKisigioupirSludéshesMylall viogédy Of | 2
LLCCs, except those in the low and middle mountain forest, forest shelter belt, and middle mountain meadow steppe.
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Among NW LLCCs, only two, located in the subuntain semidesert and higkaltitude zones, were classified as rare.
Three LLCCs;\WN ecosystems in subalpine, middteuntain, and meadow steppe zones, are widespread, each covering
between 14% and 16% of$h O2 dzy i NE Q& GSNNAG2NEB® ¢KS NBYFAYAYy3 [[// &
rare LLCCs do not align with the dominant vegetation types of their respective landscape (e.qg., treealiitlmigizones

or semideserts). These anomalies ramcareful verification, as they may result from land cover interpretation errors

or may belong to anthropogenic areas. Despite the differences in ESsatachd cover data, the rarity rankings of LLCCs
derived from both sources are very simila

Highaltitude snowcovered W 0.0002
Mountain-valley semdesert W 0.0018
Low mountain, dry steppe W = 0.01
High mountain alpine W = 0.03
Sub-mountain semi-desert N-W 0.05
Middle mountain steppe W m .37
High mountain subalpine W m 0.43
High-altitude snow-covered N-Wmm (.66
Low-middle mountain forest shelter belt Wem 0.66
Middle mountain meadow steppe W 1.00
Mountain-valley semi-desert N-W: 1.41
Low-middle mountain forest shelter belt N-W 2.70
Low mountain, dry steppe N-W. 4.95
High mountain alpine N-W 6.62
Low and middle mountain forest N-W 7.66
Low and middle mountain forest W 7.98
Middle mountain meadow steppe N-W:
High mountain subalpine N-W:
Middle mountain steppe N-W

Based on Esri 2023

13.73
14.29
15.98
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Share of Armenia's area, %

Highaltitude snowcowered W 0.00002
Submountain semidesert W 0.04
Mountain-valley semidesert W | 0.04
Submountain semidesert N-W 0.04 Based on ESA 2021
High mountain alpine W 1 0.08
Low mountain, dry steppe W 1 0.09
High mountain subalpine W mm 0.61
Middle mountain steppe W mm 0.70
High-altitude snow-cowered N-Wmm (.77
Low-middle mount. forest shelter belt Wmmm (.95
Middle mountain meadow steppe W 1.24
Mountain-valley semidesert N-W. 1.69
Low-middle mount. forest shelter belt N-W: 2.24
Low mountain, dry steppe N-W: 4.98
High mountain alpine N-W 6.42
Low and middle mountain forest N-W 6.45
Low and middle mountain forest W 8.83
Middle mountain meadow steppe N-W: 13.28
High mountain subalpine N-W: 13.54
Middle mountain steppe N-W 14.42
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Figure 25.A-2. Ranking LLCC types by their area; woody LLCCs are indicated asmndpaypas NW; LLCCs occupying
no more than 5% of the area of correspondimgdscapd 2y S I NB YIFI N] SR 6AGK | ¢

Maps of LLCC rarity, based on these rankisgsw a similar distribution pattern (Figu2es.A-3). The rarest LLCCs,
O2@SNAY3I fm> 2F GKS O2dzyiNEBEQ& | NBIFSX NS RAAGNRAOdzISR Ay
in the province of Syunik. Relatively rare LLCCs, occupgipgzl 2 F G KS 02 dzy i NBE Qanthedfrats | NB
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Valley and its surroundings. These include mountailley semidesert and lowmountain dry steppe LLCCs. Although
these LLCCs formally cover a large area, natural vegetation occupies only a small area due to significant anthropogenic
transformation. The rast widespread LLCCs are located in the central part of the country.

Based of ESA 2021 Based of ESRI 2023

I Each less than 1% of the area of Armenia
Each 1% - 5% of the area of Armenia
Each 5% - 10% of the area of Armenia

B Each 12% - 15% of the area of Armenia

Figure 25.A-3. Maps of LLCC rarity based on ESAEmnithnd cover dadsets

2.5.B.Marz level LLCC extent and marz importanfce conservation of LLCC diversity in Armenia

¢tKAa aSOdAaA2y A& LINAYIFNAfE FAYSR Fd Fylfelay3a GKS NRt
CKSNBF2NB: AyadSIR 2F dzaAy3a o6az2fdziS SEGSyid @I fdzSa Ay -
is preserved withinhe marzes Sm=LLC®/LLCG*100%, whereLLC is the area oL LCGtype in marzm, andLLCgis
the total area oLLCGtype in Armenia. This indicator was applied to ensure that the value of rare LLCCs is not diminished.

The pattern of distribution ohon-woodyLLCCs acrossarzesgenerally mirrors the distribution of landscape zones.
Moreover, thesepatterns are very similar based &sriand ESA datdn contrast, the distribution of woody LLCCs differs
significantly both from landscapes zones and betwé&sniand ESA datasetéccording toEsri marzesGegharkunik,
Kotayk, Lori, and Tavusiccount for a larger share of woody LkG@&an of landscape zones overalh contrast,
Aragatsotn, Ararat, Shirak, Syunik, and VyBoraccount for a smaller share of woody LLQEIgure 5.B-1, ac;
Appendix 2.5.8). According to ESA, marzksri, Syunik, and Tavusitccount for a larger share of woody Ls@@ile
Aragatsotn, Amavir, Gegharkunik, an&hirakaccount for a smaller share of woody LLQ®gure 25.B-1, d-f; Appendix
2.5.B1).

Marked discrepancies appear when rare Ck are concentrated entirely within a single mafar instance, nearly
100% ofwoody LLCCs in the higdititude snowcoverad zone of Gegharkunik according Esri(Fig. 25.B-1 c), versus
nearly 100% of the same LLCC type in Syunik according {6i§S%.B-1f). 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 semilesert zone, where ESA records 100% of woody LLCC in this &nenik (Fig..3.B-1 f), while Esri
reports none. Such differences reflect the different methodologies of image irgtafion applied in the ESA arktkri
datasets (see Section 2.1.A). Overall, the most significant inconsistencies are associated with the raresv@b@Cs
LLCCs in general, and especially their rarest variants inrahigide and semilesert zones some of which may
represent artifacts ofdnd-cover classification rather than actual distribution patterns.

The cumulative value of ind&, indicates the overall contribution of a marz to the conservation of LLCC diversity in
Armenia. As shown in Figures2-1, the contribution of the marzes to the conservation of renody 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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Low mountain, dry steppe ®m Middle mountain steppe

Middle mountain meadow steppe ® High mountain subalpine

High mountain alpine High-altitude snow-cowered

d e f

Figure 25.B-1. Theshareof the area of natural landscapes and LLiD@weir total area in Armenia, %&-c) Based orEsri
data; d-f) Based on ESA data. The scales have been made uniform for easier comparison of the data

Based on the rankings ofrerall marz contribution to the conservation of all LLCC tytessum ofSindices for each
marz)derived from theEsriand ESA datasets, only the tognked province (Syunik) and the lowaanked province
(Shirak) remain consistefffigure 25.B-2 a,b; Appendix 2.5.8). The positions of othenarzesvary within the rankings.
Whenaccounting alLLCQypes the rankings are largely influenced by the rarest LLCCs, which may be errors in the land
cover datasets. For example, 8iuprovince ranks exceptionally high based on ESA data because almost all pixels of
three rare LLCCs (woody areas in kagfftude snowy and alpine zones and smiountain semidesert) are concentrated
there. This pattern is not observedisridata. Conversely, Gegharkunik province ranks second igghbased ranking
because almost all woody pixels in the higltitude snowy zone are concentrated there. If the rarest LLCCs, occupying
y2 Y2NB GKFy p» 2F GKS fFyRaOl LIS 1 2 y5AQ) ard eMditled oo lthe] S R
calculationsthe province rankings based @&sriand ESA data become more similaigure 25.B-2 ¢,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 bdisrihad ESA data, indicating
that they are not the result of landover misclassifications (FiguréB-3). These three marzes stand out from the others
because they preserve most of theoody LLCCs (Figure5B-4), which are generally rarer in Armenia than the non
woody ones.
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Figure 25.B-2. The rankings of marz cumulatiiaportancefor conserving LLCC diversity in Armétiia sum of Si
indices for each marz);@ all LLCCs; b,§)E Of dzRAy 3 [[// & GKI G 200dzl y2 .Y2NB i
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 A-2. The total percentage for provinces can exceed 100%.
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Figure 25.B-3. Marz contribution to conservation bE C@nd landscape diversity in Armenia, basedegnand ESA
data
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Figure 25.B-4. MarZxontributiorsto conservation of non woody and woodlyCdiversity, based o&sriand ESA data.

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

Land cover changes recordedtbsridata from 2017 to 2023 have resulted in changes in the area of natural landscapes
and LLCE&xtent (Figure2.5.G-1). The data on LLGBanges 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 thantibatwbodyl L CCs within the middlmountain
meadow steppe

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

- The total area of the forest shelter belt has remained unchanged, although the woody LLCCs within it have
decreased
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Figure 25.G1. Changes ithe extentof natural landscapes (a) and LLCGrj 2017 to 2023 based dfsridata
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For the assessment of changes in provincial importance (FRJGI€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 eravinonserving 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 theplarddatasets. 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.

Aragatsotn -1.2 Aragatsotn -1.5
Ararat 3.5 Ararat 3.2
Armavir 1.4 Armavir 1.8
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Syunik 0.1 Syunik -1.8
Tavush 1.0 Tavush 4.3
Vayots Dzor 0.8 Vayots Dzor 0.6
-10.0 -5.0 0.0 5.0

-80 -60 -40 -20 00 20 40 6.0

Figure 25.G2. Changes in marz importanfa conservation of diversity of natural landscapes (a) and LLCC (b) in
Armeniafrom 2017 to 2023 based dfsridata
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2.6. Ecosystem extent iprotected areas

2.6.A.Extentof protected areas in Armenia

In accordance witlecree N 1059 (25.09.2014) of the Government of the Republic of ArmEnihe PAs in 2014
were as bllows:

- 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%
2F I NYSyAlQa G201t GSNNAG2NERO®

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

PA | Area, ha
STATE RESERVES
Khosrov Forest 232135
Shikahogh 12 137.1
Erebuni 89.0
NATIONAL PARKS
Sevan 147 455.0
Dilijan 33765.0
Lake Arpi 21179.3
Arevik 34 401.8
NATURAL SANCTUARIES
Akhnabad 25.0
Arjatkhlenu 40.0
Juniper sparse forest 3312.0
Gyulagarak 2576.0
Herher sparse forest 6 139.0
Jermuk Forest 3865.0
Sosu Park 64.2
Aragats Alpine 300.0
Banks pine 4.0
Goravan sand dunes 95.99
Caucasian rosehip 1 000.0
ArzakanMeghradzor 13 532.0
Gandzakar 6 813.0
Getik 5728.0
ljevan 5908.0
Margahovitti 3368.0
Yeghegnadzor 4 200.0
Goris 1850.0
Red worm 219.85
Boghakar 2728.0
Black Lake 240.0
Deep wound 50.28
Hangavan Hydrological 5169.04
Jermuk Hydrological 17 371.0
Zangezur 25 870.64
Zikatar 150.0
Khustup 6946.74

13 hitps://www.arlis.am/hy/acts/93166
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2.6.B. Ecosysteraxtentin PAs based orksriland 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 analges are based on the available digital PA map referenced below and the [géoitahd cover dataset.

The use of thé&sriland 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 dafdl. 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 provideitcbgian Center for the Environment, American
University of Armenid (Figure 26.B-1), the vegetation map prepared in the framework of our project (Section 2.3), and
Esriland cover data from 2017 and 2023.

Ecosystem accounting of Armenia
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Figure 26.B-1. The map of protected areas of Armerfiar details seg@rojectWEB GIS
(https://bccarmenia.nextgis.com/d S O (iPkofegfed areas(the location of the Goravan Sands Sanctuary needs to be
clarified)

The extent of langtover classes in the PAs indicates the area of woody vegetation and the degree ofindonzed
transformation (Figure 26.B-2; Table &6.B-1). According toEsri(2023), the entire area of the Ararat Vordan Karmir
Sanctuary is occupied by croplands and bufitareas. Humamodified territories cover about half of the Goravan Sands
and Goris Sanctuaries. The areas of Sevan and Arpi Lake National Parks, ashe/d{lhas Virap Sanctuary, are also
significantly transformed. Forest vegeiat occupies most of the territory of the Shikahogh Reserve and the Dilijan
National Park, as well as the Gandzakipper Aghdan, ljevan, Pine of Gyulagarak, and Zikatar Sanctuaries. By contrast,
forest is almost absent in the Erebuni Reserve, Arpi Lakerd Park, and in 11 other sanctuaries.

14 hitps://ace.aua.am/
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Share of land cover classes within the terrestrial part of protected Share of anthropogenic
areas (excluding water bodies), % area, %
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Figure2.6.B-2. The share of areof 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 Sangslesert; Erebuni, Ararat, and Khor Virap semidesert; Hazel Nutg broadleaf
woodlands;GandzakatJpper AghdanGoris Hankavan HydrologicalPine of GyulagaralPlane Grove; forest zone;

Akhnabat Yew Groy&ine of Banx, Sev Lichsubalpine meadows; Aragats Alpigalpine meadows (Figure@B-3).

Overall, vegetation zones are unevenly represented in the PAs. The forest zone occupies the largest area within the
PAS | 62dzi mZnnn 1Yud hidKSNI T 2ySa |oNBdzovrdzQBA yaSY |26 ySSNEG 2NJI nye3 ;
(Figure 6.B4a).¢ KS &KI NBa 2F GKS T2ySaQ I NBI & 2oxBnd 3N eRoresty (G KS
and juniper zones are preserved in the PAs while for the glasert, steppe, and open woodland zones this share is less
than 10% (Figure.@B-4b). The desert zanis not indicative in this analysis, as it is represented by only one small unique
site).

Between the total area of segetationzone and the share of its area preserved in the PAgeak, nonsignificant
tendency towards a negative relationship between the taahearea of a vegetation zone and its representation in the
PAsthe larger the total area of a zone, the lower its representation in the PAs (FigBes2. Even from this weak trend
it is possible to distinguish zones that are better represented in the PAs, lying above the trefidriiper, forest) and
underrepresented zonesying below the trend line (sentdesert, broadleaf woodland).
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Figure 26.B-4. Area and thelsare of the natural area of a vegetation zoloeatedin the PAs
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Figure 26.B-5. A weak, norsignificant tendency towards a negative relationship between the total area of a vegetation

zone and its representation in the PAs.

Table 26.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)
Bare | Snow/ | Waterand Builtu Total area
PA type PA Trees Rangeland Ground Ice flood. veg. Crops areap of PA*
State Erebuni 0 84.84 0 0 0 0 3.5 88.30
Reserves 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
Sevan 5525.1 | 14346.23 | 13.23 0 126863.3 | 2173.48 | 2336.68 | 151374.99
National Dilijan 24757.79| 12862.58 0 0 5.21 11.41 1546.26 | 39214.50
Parks 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 Arpa 1.49 8148.12 1.01 0 0 0 1.7 8158.56
landscape
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
State Arzakan and Meghradzor 7503.25 6181.2 3.39 0 7.27 285.16 521.26 | 14518.08
Sanctuaries Boghaqar 1112.76 1757.96 0 0 0 0 0 2872.27
Caucasian Rodgay 1037.93 794.25 0 0 0 0 15.02 1848.58
GandzakatJpper 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

HazelNut 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
ljevan 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 Seva 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 26.B-2. Area of vegetatiozones in PAs, héthe total area of PAs shown dhAmap used may differ from the

official data, as the PA boundaries on the map require further clarification)

AIpirée ?u_b Mea- o Blroa;d dSerm' " TotaI_ |
meado alpine uni ea esert ars | terrestrial
PAtype PA ws and m%a— dow- Forest per wood- Steppe and h area of
carpets dows steppe land desert PA*
State Erebuni 0 0 0 0 0 0 0 88.34 0 88.34
Reserves 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 Sevan 0 0 16.03 20957.52 |0 0 5204.09 |0 0 2617764
Parks Dilijan 0 6667.11 |15.37 30799.09 |0 0 1701.68 |0 0 39183.25
Arpi Lake 23753 |17575.65 |32567.5 |0 0 0 40.31 0 45144 |5707313
Arevik 4371.3 |6231.62 |0 23943.92 |0 5172.4 |0 1651.39 |0 413706
Protected Arpa 0 490.08 0 73.14 17.23 |0 6997.61 |[574.26 |0 8152.32
landscape
State Akhnabat Yew Grove O 24.85 0 0 0 0 0 0 0 24.85
Sanctua Aragats Alpine 3008 0 0 0 0 0 0 0 0 300.77
ries Ararat Vordan 0 0 0 0 0 0 0 205.36 |0 205.36
Karmir
Arzakan and 1.87 5171.99 |699.07 [8547.13 |0 0 0 0 86.52 |14506.58
Meghradzor
Boghaqgar 0.32 600.73 0 2269.67 |0 0 0 0 0 2870.72
Caucasian Rodgay |0 235.19 0 10515 0 560.51 |0 0 0 1847.2
GandzakatJpper 0 0 0 3907.5 0 0 0 0 0 3907.5
Aghdan
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 2134
Goris 0 0 0 1900.32 |0 0 0 0 0 1900.32
Hankavan 0 0 0 975.77 0 0 0 0 0 975.77
Hydrological
HazelNut 0 0 0 0 0 4155 |0 0 0 41.55
Herher Open 0 0 0 177.97 938.57 |0 388.05 592.42 |0 2097.01
Woodland
ljevan 0 0 0 6581.18 |0 1206.1 |0 0 0 7787.28
Jermuk 0 0 164.7 1896.6 19329 |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 0 0 0 298.17 861.8 |0 2767.2 0 0 3927.2
Woodlands of Sevan
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 244231 |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 153409 |7825.73 |0 1148.02 |0 45.62 |0 0 0 24360.19
Zikatar 0 0 0 319594 |0 0 0 0 0 3195.94
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2.6.C.Changesn the areas of land cover classes state reserves and national parks

According taEsrj 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 decreaseditdgo(Figure 26.CG-1).

Changes in the area of land cover classes from Changesin the area of land cover classes
2017to 2023, % relative to 2017 from2017to 2023, % of total PA area
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Figure 26.G1. Changes in the area of land cover classes within PAs

2.6.D. Distance from naturahonumentsto 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 monumeftite mapprovided byinteractive Forest Atlas of Armenfa
(Figure 26.D-1), and anthropogenic areas (builp areas and croplands according to #&i2023 land cover data), roads
including main roads and all other roads including trails from the datasettefactive Forest Atlas of Armenjaand
population polygons with more than 100 residents based onkbatur Population Datas&t(Figures 2.6.D-2, 2.6.53).

This example shows that even minor errors in land cover classificatioounting to just a few pixetscan
significantly distort the calculated distances to natural monuments. Therefore, to obtain reliable results, it is essential t
use land cover data spdically refined for ArmenidJnfortunately, at this stage the lack of an officially approved digital
map of PA boundaries, combined with errors in tBgriland-cover data, prevents accurate accounting of ecosystem
extent within PAs. For PAs with smakas, even minor landover 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 atutad monuments. For instance, the misclassification of
cropland and builup areas in the higimountain zone of the Gegham Ridge in the laoder data artificially reduced
the estimated distance between natural monuments and anthropogenic territ¢@d&sD-4).

15 https://forestatlas.am/
18 https://www.kontur.io/datasets/populatiordataset/
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Figure 26.D-3. Distance from different categories of natural monuments to various types of anthropogenic areas and
roads, in meters (Pep00- hexagons with a population of more than 100 people).

Gegham .~
mountains ﬂ‘ﬁ Biological monuments ‘
Y
Geological monuments i
Hydrogeological monuments b

1
Natural and historical
monuments

@ Landscape zones of Armenia ~

« ] High mountain alpine

< [l Migh mountain subaipine

< [l High anituce snow cowered

« || Low and middie mountain forest s
« [l Low ang micde mountain forest
« [ Low mountain, dry steppe

~ [1] Miodte mountain meadow steppe
< [l Miccte mountain steppe

v Mountain valley semidesert

0 1000 2000 3000 4000 5000
= All roads ®Main roads = POP-100
®Built-up areas = Croplands

Figure 26.D-4. Erroneous underestimation of the distance between anthropogenic areas and hydrographic monuments
due toEsriland cover mistakenly detecting croplands and kuiltareas on the Gegham Ridge.
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2.7. Approaches to integrating Armenia into the Global Ecosystem Atlas

2.7.A. Zero version ofArmenianecosystem map for th&sEA

TheGlobal Ecosystems AtI&SEAY will be the first comprehensive harmonized open resource on the extent, change,
O2yRAGAZ2Y YR NRx&a]l 2F Fft GKS g2NIRQa SO2aeaidSvyao ¢KS
to demonstrate the international significance of natad ecosystem accounting.

Our approach consists in the integration ofsaientificvegetation map with regularly updated land cover data.
Scientific map takeinto 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 apaich was tested for extent accounting of natural vegetation types (Section 2.3) natural
landscapes (Section 2.di)d LLCCSéction 2.5)

To produce the zerwersion map variants of ecosystems in Armenia for the GEA, we used the vegetation map
developed within the projecfSection 2.3and two land cover datasetsEsri2023and ESA2021 (10 m resolution)The
vegetation map wasecoded tolUCN Global Ecosystem Typology (B TJeorge Fayvush

The currentarea of natural terrestrial ecosystermis,defined as the potential area of a given vegetation type minus
cropland and builup areas basedn land cover dataThe current distribution of forests asoderived from lanecover
data (Fig. Z.A-1).

Alpine meadows and carpets

Broadleaf woodland

B Desert
. Forest
B Juniper

Marsh
Meadow-steppe

Semidesert
M steppe
. Subalpine meadows
Figure 27.A-1. Main steps to produce a map of current terrestrial ecosystems Esrigata as an examplea) potential
distributionof vegetation types; b) current natural area of vegetation zameduding croplands and builip areas c)
ecosystem typesncluding current tree coveror detailed map see projeédieb Glghttps://bccarmenia.nextgis.coin
sections Ecosystem Extent/Vegetation/Vegetation map 2025

The vegetation map, originally created as a vector dataset, was rasterized to a spatial resolution afid @as
subsequently reclassified into ecosystem types according to the IUCKR@ETlasses from land cover datasets were
used andreclassified into the IUCN GESince the EA PV1 focuses exclusively on terrestrial ecosystems, aquatic
ecosystems were not classified and were defined generally as \(flebte 2.7.AL).

As our analysisomparing cropland areas from land cover datasets Amdstatdatahas shown (Section 2.1.B),
G§SaiSR flyR O2@SNJRI{GlIaSta AyOfdzRS GKS F2tft2Ay3 OFGS

¢ annually plowed areas (T7.1 Annual croplands);

¢ perennial agricultural plantations, i.e., vineyards and orchards (T7.3 Plantations);

¢ some of the fields that have not been plowed this year (T7.5 Derivedisatmial pastures and oldfields).

At this stage, we do not have the data necessary to separate these three categories within cropland land cover
Of aaxs GKSNBF2NBE:Z 4SS NBOflIaaATASR Ad Fa ¢1odm !yydzt C
and forest plantations aied at timber production are not typical for Armenia; therefore, we did not consider them.

[ FGSA2NE a¢T1ywpl GBZSINA JSIRAa G&NB A& YR 2f RFASE Raé¢ Gdtegpedo S T2
steppe, and semidesert. However, at this stageda@ot have the data necessary to identify T7.5 within these zones.

17 https://globalecosystemsatlas.org/
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Table 2.7.AL. Reclassification of vegetation mapd land cover classés the IUCN GET

IUCN GET

Alpine vegetation T6.4 Temperate alpine grasslands and shrublands

Subalpine meadows T4.5 Temperate subhumid grasslands

Meadowsteppe T4.5 Temperate subhumid grasslands
Vegetation map Seppe T5.1Semidesert steppes

. Grasslands within forest vegetation zone | T4.5 Temperate subhumid grasslands

of Armenia -

Juniperwoodlands T4.4 Temperate woodlands

Broadleaf woodlands T4.4 Temperate woodlands

Semidesert T5.1 Semdesert steppes

Desert T5.1 Semdesert steppes

Trees; Tree cover T2.2 Deciduous temperate forests
Land cover data Built-up areas T7.4 Urban and industrial ecosystems

Crops; Croplands T7.1 Annual croplands

Water; Permanent water bodies Water

Four classegtrees, crops, built areas, watdrpm the Esri2023 and ESA 2021 landver datasets were overlaid onto
the vegetation raster using a priorityased approach; that is, these classes replaced the underlying vegetation class,
while all other pixels retained their original vegetation classificafidns, two versions of the map with a 10 m resolution
were produced based oBsriand ESA data.

Next,ESAand Esribased 10 m categorical rasters were aggregated to a 100 m resolution using a majority (modal)
resampling approach. Foreashn n Y OSf f X GKS O2NNBalLRyRAy3a o6f201 2F wmn
was identified, and the ecosystem class occurring most frequently within that block was assigned to the output cell.
NoData values were excluded from the calcwdatiThis approach preserves categorical integrity and avoids artificial class
mixing that would result from avaging or interpolative resampling method®esulting rasters ateSA_based_100m.tif
andEsri based_100m.tifFigure2.7.A-2).

. T2.2 Deciduous temperate forests
. T4.4 Temperate woodlands

. T4.5 Temperate subhumid grasslands

|:| T5.1 Semi-desert steppes

I:‘ T6.4 Temperate alpine grasslands and shrublands
. T7.1 Annual croplands

. T7.4 Urban and industrial ecosystems

I:‘ TF1.7 Boreal and temperate fens

|:| Water

Figure2.7.A-2. Maps of current terrestrial ecosystems of Armenia basddsoi2023 and ESA 2021 land cover d&ae
detailsin projectWEB Glhttps://bccarmenia.nextgis.com/resource/644/display?panel=layessctiondArmenia in
GEA

Due to differences in the methodologies usedEsriand ESA to identify builip areas, croplands, and tree cover,
the resulting maps show noticeable differences in the areas of these classes. The more detailed E£6vetasataset
identifies grasslands, croplands, and tree cover witldtilementareas; therefore, in the raster based on ESA data,-built
up area is smaller than in the raster basedisridataand ®me settlements with a high density of trees (small private
gardens, street trees, and pakare identified in the ESA data predominantly as tree c(iigr2.7.A-3).
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Esribased map, 10 m i Esribased 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 baseBsyiand ESA data.

However, according to the understanding of urban ecosystem types in the IUCN GET;aV&nesl, herbaceous,
and vacant land areas located within urban boundaries are considered part of urban ecosy$tersfore, 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 cldgs4 Urban and industrial ecosystems

Settlement areas were delineated using OpenStreetMap data by combining administrative boundaries of towns and the

city of Yerevan (Fi@.7.A-4 a)with built-up area polygons whiclepresent the actually buHtip areas of settlements at
a lower hierarchical level thalowns andcity Yerevan(fFig.2.7.A-4 b). These features were merged into a single
settlement layer (Fig2.7.A-4 c) which was overlaid onto the ESsd Esribased rasters and classified Bg.4 Urban
and industrial ecosystem®&esulting raers are ESA_OSM_100m.tif aski OSM_100m.tifFigure2.7.A-5).

Figure2.7.A-4. Used OSM layers: (a) administrative boundaries of towns and the city of Yerevan; {i) buda
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polygons; (c) combined layer.

. T2.2 Deciduous temperate forests

[l 74.4 Temperate woodlands

. T4.5 Temperate subhumid grasslands

[[] 75.1 Semi-desert steppes

D T6.4 Temperate alpine grasslands and shrublands
[ 7.1 Annual croplands

. T7.4 Urban and industrial ecosystems

[] TF1.7 Boreal and temperate fens

D Water

5

Figure 2.7A-5. Maps of current terrestris¢cosystemsf Armenia based oRsri2023 and ESA 2021 land cover data and
built-up areas from OSMGee details in proje®WEB GIS
(https://bccarmenia.nextgis.com/resource/644/display?panel=layefs & $ QIv’SZ/W | ad Ay D9 ! £

2.7.B. Ecosystem extent accordinyCN Global Ecosystem Typology

Areaof ecosystem typgaccording to the IUCSETis shown in Tabl@.7 B. The largest areas are occupied by T4.5
Temperate subhumid grasslands ¢32%) and T511 Semidesert steppes (2827.5%). Substantially smaller areas are
occupied by T2 Deciduous temperate forests (¢03%) and T6# Temperate alpine grasslands and shrublafGis),
while minor areas are represented by Td.flemperate woodlands (3%) and TR1Boreal and temperate fens (less than
1%). Anthropogenic areas, depending on the map versionuatdor 13;18%: croplands X11% and builup areas 2
7%.The overall pattern of ecosystem extent differs most strongly for the map based on ESA dat& @jigdie to the
substantially lower buitup area and higher areas of grasslands, forests, and croplands, resulting from the inclusion of
their area located within settlements (see above).

Table2.7 B. Ecosystem area in Armenia and across marzes in different versions of ecosysemmap, km

2 g & g |8 B | _ E S
3 8w g o _a S o < c 2 g2
) £0 £TT £2 E TCF 29 “—QE) =3
o 0 S g T E R @ S Ga cg 283 o g
Og @ S S ne Fogo <3 °2F > ~ 2 3
NE D <9 ng 9 — 2 S EaS <3 NER: < g =
Ngso S g 235 LS | CS5%| £S5 FES Ee 2
Aragatsotn 87.4 0 662.7 1290.8 204 449.9 34 2.6 4.6
Ararat 70.1 9.4 260.4 12155 37.7 341.4 95.9 52.3 324
g‘ Armavir 7.2 0 0 645.3 0 492.9 100.4 12.7 4.9
& | Gegharkunik 145.3 394 19715 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
W[ Lori 1024.4 35 1985.3 405.7 445 184.7 47.7 32.8 3.1
S | shirak 13.2 0 906.5 878.2 127.4 663.7 64.8 355 29.3
@ | Syunik 857.2 140 1768.6 770.2 542.3 380.7 12.9 35 17.8
S | Tavush 1479.6 4734 653.6 5.8 0.4 79.6 304 0 35
Vayotz Dzor 112.2 86.8 697.8 1125.6 214.9 51.7 42 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
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 54.4 314
g Armavir 0.5 0 0 456.2 0 611.1 182.4 6.9 6.3
& | Gegharkunik 128.2 311 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 25
S | Lori 881.9 40.6 1986.4 329 44.4 298.5 148.5 305 3.4
@ | Shirak 13 0 804.2 829.8 127.8 742.2 142.2 29 30.3
S | 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 42
Vayotz Dzor 36.2 102.3 720.3 1142 214.8 327 451 0.8 2.2
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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
8 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 50.2 317
S | Armavir 4.9 0 0 588.6 0 431.2 224.5 9.8 4.6
N Gegharkunik 137.5 36.1 1923.4 824.8 396.7 340.2 222.1 94.6 1272.8
IS 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
m 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
g Tavush 1435.7 453.2 643.1 5.7 0.3 78.4 106.4 0 3.5
2 | 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
s | Aragatsotn 47.7 0 642.6 1235.7 202 421.8 178.6 52 3.1
8 Ararat 25.6 9.5 270.7 1192.7 37.1 290.8 203.5 53.7 315
= | Armavir 0.5 0 0 441.1 0 563.6 246.1 6.3 6.1
S | Gegharkunik 125.6 30.8 1897.7 803.2 396.6 386.3 241.4 92.7 1273.9
Q Kotayk 150.3 1.7 650.1 712 113.2 256 222.3 7.6 1.4
Q | Lori 875.1 35.5 1966.5 320.7 43.5 288.4 200 30.2 3
S | Shirak 13 0 799.7 813.5 127.6 718.3 187.3 29 30.2
W [ Syunik 502 164.4 2014.9 914 541.1 229.6 106.4 6.6 14.6
.g 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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T4.4 Temperate woodlands
T5.1 Semi-desert steppes
B T7.1 Annual croplands
TF1.7 Boreal and temperate fens

B T2.2 Deciduous temperate forests
B T4.5 Temperate subhumid grasslands
T6.4 Temperate alpine grasslands and shrublands

B T7.4 Urban and industrial ecosystems
Water

Figure 2.7B. Ecosystem area in Armenia and across marzes in different versions of ecosysem?map, km

2.7.C. Comparison of &ro version may for the GEA withgovernment-reported data

To compare the created variants of the ecosystem maps with governmegotted land cover class area data for
20228, all nonforest ecosystem classes in our maps were aggregated into a singleAllassrsions otreatedmaps
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 croglenetlided in government statistics is identified as grassland
by the landcover datasets. Buitp area in mapgreated for the GEAxceeds the values reported in government
statistics, except for the map version based on ESA data, where thaupudhea is substantially small&klith respect to
forest area, the map versions based on ESA data show better agreement with the government staiigiie.(7.G1).

The sum of the absolute differences between class aretse cerated mapand the government statistics is smallest

for the mapbased on ESA and OSM daESA_OSM_100m.{iFigure2.7.G2).

I /003 22
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I 1401
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20372
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19987
19676
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B 1405
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T7.4 Urban and industrial ecosystems 637
2002

1818
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100

Relative difference in area,%

ESRI 100 m = ESA 100 m mESRI_OSM_100mm ESA_OSM_100m

Figure2.7.G1. Area of main land cover classes in ecosystem maps created for GEASaneriimentreported data (a)
and rlative differences in area between GEA maps and government staistafSovernmentreported area(b)

18 https://www.arlis.am/hy/acts/171671
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ESRI 100 m 5466

ESA 100 m 5437
ESRI_OSM_ 100 5305
ESA OSM_100m s 4 337

0 1000 2000 3000 4000 5000 6000 7000
The sum of the absolute differencdsr?

Figure2.7.G2. The sum of the absolute differendetween maps for GEA and government statistics

2.7.D. Subsequenversionsof the map

As shown by our analysi{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 tiero versiorof the map, which can be created based on Fhetotype ecosystem
accounting V1 and available global land cover datadétsing 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 Imay 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

¢ Correctiors of obvious errorgn land cover data (e.g., builip areas and croplands in high mountain zones)

¢ Creation of tree cover map with two classgslosed forest and open woodlands

Version 2shold be based onraaccuratenational land cover dataséncluding

¢ Refinement oflf 7.1 Annual croplandreas;

¢ Identification of T7.3Pantationareas(vineyards and orchards)

¢ ldentification of T7.5Derived seminatural grasslands, which requéanalysis of satellite imagery and agricultural
statistics not only for the current period but also for previous years.

S %’5 Sorecsion of Creatianofaiios Identification of  Identification of
Refinement of ‘hp';it_ ’ obvious errors (e.g., cover map with two T7.3plantation T7.5derived Development of a national land
land cover § o M built-up areas and classes: closed Eop X A cover dataset along with a
b areas (vineyards semi-natural

methodology for its regular updating

i
data k‘(‘

croplanfis in high forest and open and orchards) grasslands
1 mountain zones) wt:mdl.andl \\\

Ecosystem
map

Version 2

Version 1
Refined version based on national
for the GEA land cover dataset

Development of detailed terrestrial
ecosystem map on the base of ELU
approach

Refinement of
vegetation
map
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2.8. Examples oEEaccounting tables

For reporting to international system&Eaccounting data must be recoded in accordance with the ecosystem
classification used by the respective platform. Thus, for reporting to -E2E#d GEA, ecosystem extent data should be
recalculated according to the IUCN GET as presented in Section 2.7.

Extent of land cover classes by Governmenported data (Section 2.2.A)
EE accounting tabletable 2.2.2. Land cover classes in 2020 and 2084Governmenteported data ha

. Shrub Water :
CLllg'r\]'(?sted Grasslands Tre:f:; 5 red covered covered %fegeetaa:té(;r;
areas areas
Openingextent in 2020 | 538361.22 | 1366386.9 | 400522.06 | 34200.612 | 151491.8 483295.83

Additions toextent
Managedexpansion
Unmanagedxpansion
Reductions irextent
Managedreductions
Unmanagedeductions
Net change irextent 1259.3 -2700.46 -18160.9 173.718 20626.01 -1197.1
Closingextent in 2024 539620.52 1363686.44 | 382361.15 34374.33 172117.81 | 482098.73

S5 SI5I5)5

EE by economic unit3able 2.2.A3. Land cover class extent by marzes in 282&overnmenteported data ha

Treecovered | Grasslands Shrubcovered | Vegetation | Water covered | Cultivated | Buitup

areas areas free areas | areas
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 IBsriland cover data (Section 2.2.B)

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

Tree Grastands | Bare Snow/ | Water | Flooded| Crops Builtup | Total Redue
cover ground | Ice veg. areain tion
2017

TreeO2 @S NJ | 2909.87 362.79 0.02 0.05 0.58 0.02 3.74 272 | 3279.79| 369.92
Gras§ | Y R& 224.03| 19221.76 2.12 7.56| 13.46 1.74| 940.92| 114.62| 20526.21| 1304.45

Bare groundb 0.05 75.63| 29.67 3.70 1.97 0.24 2.10 2.59 115.94 86.27
Snow/lcel'h 0.01 0.49 0.04 0.33 0.01 0.00 0.02 0.06 0.96 0.63
Waterlb 0.44 8.74 2.29 0.04 | 101.20 0.47 7.41 1.53 122.12 20.92
Flooded veglh 0.05 3.34 0.05 0.00 4.48 4.78 1.81 0.87 15.37 10.59
Cropsi'h 3.04 444 .42 0.42 0.29 6.62 1.18 | 2478.53 97.21 | 3031.70| 553.17
Built-upp 3.27 25.79 0.76 0.03 0.50 0.02 14.40 | 1335.95| 1380.72 44,77
Totalareain 2023 | 3140.75| 2014295| 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 tablefable 2.2.Bl. ThelLand-cover class extérn 2017 and 2023, based d#sridata, kn?

Trees Grass | Bare ground| Snow/lce | Water | Flooded veg.| Crops | Built-up
1. Openingextent in 2020 | 3279.79 | 20526.21 115.94 0.96 122.12 15.37 3031.70| 1380.72
2. Additions toextent 230.88 | 921.19 5.69 11.67 27.62 3.68 970.39 | 219.61
3. Managecexpansion NA
4. Unmanage@xpansion NA
5. Reductions iextent 369.92 | 130445| 8627 | 063 | 2092 | 1059 | 553.17 | 44.77
6. Managedeductions NA
7. Unmanagedeductions NA
8. Net change iextent -139.04 | -383.26 -80.59 11.04 6.70 -6.91 417.22 | 174.83
9. Closingextent in 2024 | 3140.75| 20142.95 35.35 12.00 128.82 8.46 3448.92| 1555.56

EE by economic unit§able 22.B-2. The etent of land cover classes in 2023 by marses basé&sodata, kn?

Grasslands Trees Bareground | 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 naturalvegetationtypes (Section 2.3)

Transition matrix Table 23.G1. Aggregated vegetation type transition matrix from 2017 to 2023 km

® o = : £

> L 9 ! £ c . 8T ) - T o p S

Cc|E£3(238] 8 |ZS| 8|25 8 |5 5| 2 |&¢ g S | 8~ | 2

o 8 <2 T & oy 0 = 2 TG S " P o 5 S = < 8 S

EB| 2d| 2| 2 s@| 5 |8g| £ | & 2 s | 88 & E T 3

=3 AE|=2°| P |05 ° |ag & i S @
Apineveg | 16429 00| 00| 00| 00| ool o0o] 00| 0o/ o0o| 04 o02] 23] 01| 16459 3.0
Subalpine 00| 421660 00| 00| 00| 00| 00| 00| 00| 00| 196 05| 609 29| 43005 838
meadows
Z:Sggw 00| 00| 25521 00| 00| 00| 00/ 00 00/ 00| 109 23| 2700 62| 28415 289.4
Steppe 00| 00| o00]50395 00| 00| 00| 00| 0o/ 00| 113 10| 3702 213| 54432 4038
Grasslin 00| 00| 00| o00|26281 00| 00| 00| 00| 00| 1436 14| 549 222| 28502 2221
forest zone
Juniper 00| 00| 00| 00| 001275 00| 00| 00| 00| o09] 00| 02 02/ 1288 12
Broadleaf 00| 00| 00| 00| 00| o00|6404 00| 00| 00| 362 25| 249 66| 7106 702
woodland
igg;*n 00| 00/ 00| 00| 00| 00| o00|22749 00| 00| 11| 44| 1425 558/ 24785 2036
Desert 00| 00| 00| oo o0 oo ool o0 68 00/ 00 00| 00 03 71 0.3
Marsh 00| 00| 00| 00 00/ 00| 00| 00| 00| 2125 02 51| 171 19| 2368 243
Forests 32| 625 114] 227 2385 20| 188 33| 00| 04| 20099 06| 37| 27| 32798 369.9
Water/
flooded 02| 04| 12| o8| 18 00| 06| 42| 00| 53] 05| 1109 92| 24| 1375 266
veg.
Crops 13| 126] 203 1628 218 00| 355 1791 01| 115 30| 7.8| 24785 97.2] 30317 5532
Builtup 01| 14| 24| e8| 66| 02| 23] 60 00/ 08 33 05| 137 13366 13807 441
;026(‘)'2’";93 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 28| 769 353] 1931 2688 22| 57.2] 192.7] 0.1 180 2309 26.2] 969.7] 219.7] 22955
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EE accountingable: Table 2.3, -2. Accountingable of vegetation typeextentfor 2017and 2023 kn?

; Sub Grassl. Broad
Alpine : Mea- h . .
alpine in Junt leaf Semi
t\;‘et%e;] mea Sfieow-e Steppe forest per wood- | desert Desert | Marsh | Forests
dows PP zone land
Opening
extent in 1645.93 | 4300.46| 2841.47 | 5443.24| 2850.19| 128.78| 710.63| 2478.53| 7.06 | 236.81 | 3279.79
2017
gﬂg'rﬁ'tonsw 476| 76.90| 3529| 193.11| 268.77| 2.17| 57.23| 192.71| 0.06| 18.04| 230.88
Managed
expansion NA
Unmanaged
expansion NA
ff]egx‘{gﬂf”s 3.05| 83.84| 289.36| 403.76| 222.11| 1.24| 70.20| 203.62| 027 | 24.26| 369.92
Managed
reductions NA
Unmanaged
reductions NA
meetx‘igﬁ{‘ge 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 1647.64| 4293.52| 2587.41| 5232.59| 2896.85| 129.71| 697.67 | 2467.61| 6.85 | 230.59 | 3140.75
2024
Additional row ¢ seeSection 4
Closing
extent in
20240f
ecosystems 1642.88| 4216.62| 2552.11| 5039.48| 2628.08 | 127.54 | 640.43 | 2274.91 6.79 | 212.55| 2909.87
unconverted
since 2017
EE by economic unit§able 23.D-1. The extent of natural vegetation types by marzes in 20R8¢
Alpln(_e Subalpine| Meadow Steppe| Forest | Juniper Broadleaf | Semi Desert| Marsh
vegetation | meadows| steppe woodland | desert
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 | O 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 | 0O 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
VayotsDzor | 212.47 390.5 78.74 773.48| 280.41 | 100.79 | 4.65 369.73| 0 1.47

77




Prototype Ecosystem Accounting of Armenia 3.1. Regulating ES. 3.1.A. Methods of assessment

3. Ecosystenservices

3.1.RegulatingeS

3.1.A. Methods of assessmenof water-related regulatingeS
3.1.A1l.General modeling framework

Four of the six regulatingand maintenanceservices assessed are closely linked to the water cycle via
evapotranspiration and indicators of surface runoff and basefldhey were assessed using the INVEST (Integrated
Valuation of Ecosystem Services and Tradeoffs) integtatdd

- 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)

- 22T Ay3 STFSOG 2F GSNNBaldNARIf SOz2aeadasSvya oLy+9{¢

The modeling framework simulated current (2023) and past (2017) conditions, as well as alternatreevand
scenarios, to evaluate ecosystem services (ES) provided by terrestrial ecosystems and to detect changes in these services
(Figure3.1.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 (Sectioh 2d8hparison of the modeling
results with Armstat water-use data was conducted to assess the suppde balance, thereby demonstrating the
relevance of ES accounting data for evidehased decisioimaking on water use and territorial development.

' ND |

Land cover Land cover > Making scenario land covers
ESRI 2017 ESRI 2023 ¢ ¢ ¢
Land cover Land cover Land
“Bare “No hu- ,,g” clovsﬂ
ground” man” ropian
Input data for .
ES modelling —_—p ES modelling
(Annex 1) * v * * *
ES maps ES maps ES maps
ES maps ES maps witout on full on full
in 2017 in 2023 natural natural cropland
ECOSVStEmS cover cover

Map of administrative | /\ \ \ |

boundaries
T GlS-analysis of ES maps

N VA T A

. ES loss due to
Changes in ES ESin 2023 ES provided by land cover
AT7=2000) in different ecosystems in fi i
. : transformati-
in different EAA EAA different EAA ons in differ-
ent EAA

.

ARMSTAT data on _ Comparison of ES
water consumption v supply and use
ES supply-use balance
in different EAA
- external inputs - resulting data for accounting - processess
- intermediate outputs - additional results

Figure 31L.A1-1. Flowchart of ES assessment.
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3.1.A2.ThelnVESTodels used

The ES ofemasonal water flow regulation and baseflow provision was estimated and mapped with INVEST Seasonal
Water Yield (SWY) modehichestimates 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 modédtidates 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 streathsough 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 oprevention of soil water erosion and sediment export in waterbodies was estimated and mapped with
INVEST Sediment Delivery Ratio (SDR) model whithates 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 sediteroded 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 mimightea 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 dflood risk mitigation was estimated and mapped with INVEST Urban Flood Risk Mitigation (td&RV)
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 &ised on LULC, soil hydrologic groups, watersheds and climate data.

22t Ay3 STFSOG 2F GSNNBadNRIFIf SO2aeadsSyvya modawhisi A YI G S
primarily aimed at assessing the cooling effefogi@en 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 CoGlaqacity Calculation Methoarhich estimate<ooling 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., therelifte between the rural reference temperature and
the maximum temperature observed in the city. We modeled this ES for the hottest season in Arrdelyiand August.

Detailed descriptions of the models can be found in the abmemtioned sections of the INVEST website and in the
INVEST User Gui@atural Capital Projegt

3.1.A3.Model inputs
Table 31 A3-1. Model inputs

Data Type Models Sources Resolution Notes
LULC SWY, Esriland cover data 10m Data for 2017 and 2023
SDR,
UFRM
ucC
Soil hydrologic SWY, Soil map of Armenia from| Vector map The hydrologicksoil groups were defined in accordance with
groups SDR, (Interactive Forest Atlas) USDA recommendatiorf¥he United States, 200%t slightly
UFRM and moderately stony sand; very stony sandy loamsBgyhtly

and moderately stony sandy loam; very stony loam;s@ghtly
and moderately stony loam; very stony clay; 8lightly and
moderately stony clay. The obtained map of soil hydrologic
grodzlLJda Aada LINBaSyiGSR 2y GK
https://bccarmenia.nextgis.com
Soil erodibility (K SDR Soil map of Armenia from| Vector map | A soil erodibility map was obtained on the basis of soil texture
factor) (Interactive Forest Atlas) using the following coefficients from the INVEST User Guidg
(Natural Capital Projert0.0290 for clay, 0.0395 for loam, 0.017,
for sandy loam, 0.0026 for sand.
Digital elevation | SWY, SDH https://dataspace.copernic 30 m -
model us.eu/exploredata/data
collections/copernicus
contributing:
missions/collections
description/COFDEM
Watershed SWY, HydroSHEDS Vector map | The analysis was made for parts of watersheds that are locate
boundaries SDR, https://www.hydrosheds.o the territory of Armenia: Aghstev, Akhuryan, Arpa, Debed,
UFRM rg/products/hydrobasins Hrazdan, Metsamor, and Vorotan (Fig@&BA31)
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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

Prototype Ecosystem Accounting of Armenia

3.1. Regulating ES. 3.1.A. Methods of assessment

Climate data SWY, https://www.worldclim.or 30 arc The amount of liquid precipitation has been adjusted to take in
(annually and UFRM g/data/index.html seconds * account the snow period (see below)
monthly uc
precipitation and
temperature)
Rain events table SWY, http://armenia.pogoda360 The number of rainy days for each climatic zone was calculate
UFRM .ru the average for several cities located within that zone. In the
moderatecool climate zone, where there are no cities, the
average data for this zone is based on three cities situated &g
border https://biodiversity-armenia.am/en/seegal/ongoing
projects/preliminaryresultson-ea/seasonalvater-yield
Climate zones of SWY, The map of climate zoneg Vector map The digital vector map of climate zones of Armenia was
Armenia SDR, UC,| of Armenia(Interactive generalized to the four climate zones: (1) Arid; (2) Moderate d
UFRM Forest Atlas) (3) Moderate cool; (4) Moderate humid. For details, see the
LINE 2\8eb@I®tEps://beccarmenia.nextgis.com
Figure 31A2
Monthly refe- SWYUC | https://cgiarcsi.community 30 arc -
rence evapotrans /data/globalaridity-and- seconds *
piration (ETO) pet-database
Crop coefficients | SWYUC | https://www.fao.org/4/X0 Kcwasdetermined for the four climate zones. The used¥c
Kc 490E/x0490e0b.htm presented at the project websitettps://biodiversity-
https://www.fao.org/4/x0 armenia.am/en/seeaal/ongoingprojects/preliminaryresultson-
490e/x0490e0h.htm#froze ea/seasonaivater-yield
Nn%200r%20snow%20cove
ed%?20surfaces
Crop \egetation SWYUC | https://www.fao.org/giew Vegetation periods were determined for the four climate zone|
periods s/earthobservation/countr
ylindex.jsp?code=ARM#
Leaf Area Index | SWYUC | https://land.copernicus.eu The LAl values for dates in the middle of thenth were used
/en/products/vegetation/|
eafareaindex300mv1.0
Curve numbers SWY, Asanteet al., 2008 Hong Coefficients for medium hydrological conditions and vegetatiq
(CN) UFRM andAdler, 2008United states were used. For croplands and rangelands, differences|
States, 1986 climatic zones wereonsiderechttp://armenia.pogoda360.ru
Gfactor for crops SDR Panagos et al., 2015 Gfactor was defined as average values for Europe: 0.3 for crg
and sparse vegetation, 0.05 for rangelands (average betwee
pastures and low productive grasslands), and 0.0014 for fore:
(average value for Southern European countriesadibr was
consdered 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 in
account special anrosion measures
Rainfall erosivity SDR https://esdac.jrc.ec.europ | 30 arc sec *
a.eu/content/globat
rainfalkerosivity
Albedo uc Panagos et al., 2015 The following albedo values were used for land cover classe
water and flooded vegetation 0,6; trees 0.15; rangeland &@ps
0.2; builtup area 0.17; bare ground 0.25; snow/ice 0.9
Shade SDR - The following shade values were used for land cover classes:
up ¢ 0.2; forests; 1.0; croplands, taking into account the share
orchard area, in the arid climate zog®.35, in the moderatelry
and moderatecool zones; 0.03, in the moderaténumid zonec
0.34, other land cover classes0.
UHI effect uc Yale Center for Earth The UHI value was set to zero
Observation (YCEO),
Global Surface UHI
Explorer
https://yceo.users.earthen
gine.app/view/uhimap?ut
m_source=chatgpt.com
F !'G tlFaddzRS nnc on FND aS02yRa O2NNBaLRYR

uz2

For the SWYSIRand UFRM models, we used those portions of l@velatersheds that lie within Armenidhese
parts of the watersheds are further named after their largest riEigure31.A1-3a)
¢ Aghstev (involves Getik and Voskepar tributaries)

¢ Akhuryan

¢ Arpa (involves the Arpa River, the Azat River and the Vedi River)
¢ Debed (involves Pambak and Dzoraget tributaries)
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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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¢ Hrazdan (involves two partsLake Sevan drainage basin and its outlet River Hrazdan)

¢ Metsamor (involves Kasagh tributary)

¢ 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 31.A1-3b).
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Figure 31.A3-1. Watersheds used for ES modeliajWatersheds 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.

The map of climate zones frotne
Forest Atlas of Armenia

The map of
generalizectlimate
zones

Figure 31.A3-2. Generalization of climate zones for ES modeling
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