


2 1" "&"32%3 . ot o *

o3 ("1%%. ot -""$ % &1 %0. '
&" %1 %23 J(+3 (" 2 1"2 42 3
% "&!" # &"$ " 3"
- # ) 6 - + L+ O# , -
- #5 : " 5 - 5 - v % 37
, - # 8 5 . #8/ ! - % /3
, # - # , -
" #l1 $%& ' 1%E&(
) % !
"% * & +,
" # $%& "1 %E&(
"% * & +,
#
$ n
-8 N%&"%0. ' & %1 %23 |,/
! "H#E% -""$ N%&"%0. ' & %1 %23 |,/
% $& '()
& L}
)*
-"$ N%&"%0. ' & %1l %23 ,/ (+ 3
4+ 50/ "
" * ** 3"
+ # * ! *% 3n
wn *k Qo 6 + , - - # . - /0
12 - - ", 3 |/ I'( % ( (7 ( (!
(1 (81""(+) (+ (+"& (/9% (-9" (0 .(°
9+ % *=* 3" 26<<"" &< =><$ ' >??°?




Apuu EEXXXXXXX
iX /IvSE} p S]}vW §Z Ju v P v E o u SXXX«&X}

1.1, AIMOT TNE PrOJECT. ..ottt e oo ettt e ettt ettt e e e e e e eeee st bbb e e e e e e e e e eenan e e e aeaas 9
1.2.System of Environment&conomic AccountingEcosystem AcCOUNtinSEEA EA)...............oooeeiiviee i 9
1.3.Ecosystem acCOUNtiNG iN AFMENIA. .......ouiie ettt bbbt et e ane bbb eeeeeeaaeeas 10
1.4.Ecosystem Accounting Prototype Version 1: contentr@ethodology.............ueuvvereeiiiiiiiemmiiiiiiiieiieiieaeeeeenn 10
X JoeCed U XX KK X X X X XRLRKRKRKAR

2.1. Testing available land cover datasets and dataset selection for.PM1..........cccovviveei e 16
2.1.A. Area of landoverclasses in the teSted dataSElS........uiiiiie e te e et e e e e e enes 17
Share Of [aNd COVET CIASSES 1N AFMEGIUAL ........ueieiiiie ittt e et ettt e ste e e e he e e sbe e e aabe e e e abeeeaabe e e sk be e e sas e e e embeeesbeeebseeeabeeesbeeesnneeesnneeas 17

Share Of |and COVET ClASSES @CIOSS MAIZES.......c.utiiuieiieiiuieitie ittt ettt ettt bttt e s bt s bt e ahseea bt e bt e bt e sbeesbeeeaseeabe e bt ebeenaeenbeeanne

Share of land cover classes aCroSS IaNUSCAPE ZAMES........uiiuiiiuiariieiiii ettt ettt e st e e bt e bt e be e st e e satesaeeeabe e bt e nbeesbeessnesaeesenes
2.1.B. Comparison afoplandarea according to land cover datasets and Armstat data
2.1.C. Selection of lanzbverdataset for use in the project

2.2. EXIENt OF [&NA COVET CIASSES. ..o iiiiiiiie ettt et te ettt et e e e e e e e e e eaeaeeas
2.2.A. Extent of landoverclasses reported by the Government of AFMENIA..........cooceiiiiiiirie e e
2.2.B. Extent of land cover Classes DY ESH.AALA............ooiiiiiie ettt e bbb e e e

Extent of land cover classes at the national, marz, and watershed IQVELS..............coviriiiiiiei e
Changes N 1ANA COVET CIASS EXLENL..........co ittt itee ettt ettt e eete e e et e e e e bt e e sabeeeaaee e e aaeeeasbeeabseeabeeesabeeesneeeanbeeaanbeeeasbeaessseesnnen

2.3. Extent of eCoSysStems (VEGELAtION tYPES)....ccviiiiuriieiiii st i eeeeieiiis s s e e e e e e et e e e e ttre e e e e e e eeeeeaessnna e e e e eeesnrrannns
2.3.A.Ecosystem extent at national and marz levels
2.3.B.ECOSYSLEM FAITLY IN AIMEIUAL . .....eiteiitieete ettt e ettt e e s b e e eh bt e et eanees b e e et e s heeab e e ean e e b e erennne e neenreennes 36
2.3.CChangedn ecosystenextent from 201710 2023..........coiiiiiieiieiiieee ettt saresne e saneenneas 37
2.3.D.Reduction of the potential area of vegetation types identified on the 1961 vegetation.map............cccccvvevernenn 41

2.4. Extent of natural [ANASCANES..........oiiiiiii et e e ettt e e e e e e e e e e aaaeeeaaaaaaaaaaaaaaaaaaanns a4
2.4.AExtent of natural |andSCap@S ArMENIA..........coiveiririeeiieriree et essee e sree e sreesneesneesneesnnesnneenneeneees B
2.4.B. Changes in extentméturallandscapes from 2017 to 2023 based on Esridata............cccoevereeveeneeneennnieenneen 47
2.4.CNaturallandscape extent at MArZ IEVEL...........cv o e nneas a7
2.4.D.Assessment of marz importance for conservation of natural landscape diversity in Armenia.............cocceeeerene 50

2.5. Ecosystem extent estimated by landscégel cover classes (LLCCS) ..coviiviiiiiiiieeiiiicee e eeeeeeeiviin e 52
2.5.A. Extentind rarityof LLCC iN AMMIENUAL .......oiuiiriereeiieeeiee ettt et seeesneesre e sme e e neenreesneesenenneenne 52
2.5.B. Marz level: LLCC extent and marz importémceonservation of LLCC diversity in Armenia...........ccoccceeeeeeeceeennne. 54
2.5.AChanges in LLCC extent and in marz importance for the conservation of LLCC diversity in.Atmenia................ 57

2.6. Ecosystem extent in ProteCtEA @rEaS. .........uui i e ittt
2.6.A.Extent Of protected ar€as IN AMMEIIA. ........coouii ittt et e ettt et e e e s be e e sbe e e sabeesbe e e aaeeeaaabeesneeesnseeeaneas
2.6.B. Ecosystem extent iA® based on EsSri [and COVEr datal............cocueiiiiiiiiiiiiiee e
2.6.C. Changes in the areas of land cover classsate reserves and national parks..............

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

2.7. Approaches to integrating Armenia into the Global ECosystem. Atlas.............cccovnie
2.7.A. Zero version of Armenian ecosystem map for the.GEA ... e 68
2.7.B. Ecosystem extent according IUCN Global ECOSyStem TYPOIOGY.........coiuiiiieiiiiiieiie et 71
2.7.C. Comparison of Zero version maps for the GEA with governnegmairted data............ccceeeveiiiieeniieeniee e 13
2.7.D. Subsequent versions Of the MIA..........ioiiiiiiiiiee et te e sneesbee e sreeesnneesseneesnseesnsneesnee d Db

2.8. Examples of EE aCCOUNLING TARLES. .......uuuiiiiiiiiiiiiieeiiiie e 75
Extent of land cover classes by Governmmagorted data (SECHON 2.2.A) ...t 75
Extent of land cover classes by Esri land cover data (SECtionN. 2.2.B)..........cociiierriiiiieesee e 75
Extent of natural/egetationtypes (SECHON 2.3)....c.uiiii ittt ee st e e et e e beesreesneesaeeaseeenseenneesseesneeennas 76




IX  }eCed U o XEAXXXXXXX

T I =T U = 14 o T = SO O PP PPPPPPRRR 78
3.1.A. Methods of assessment of watelated regulating ES..........coo i e 78
3.1.A1. General Modeling frAMEWOTK..........c.coiuiiiiii et e st s sne e sreesree s O
3.1.A2. ThE INVEST MOEIS USEM........eeiieiiiiiitiett ettt ettt bbbt e bt bt b e e h bt e et e et e bt e eb e e b e e ebe e e et e s b e et e e neebeeneis 79
I YN T 1V oo (= 0] o1 T PP POTPPUPRPPPRPR 79
3.1.A4. Scenarios used for ES modeling and assessment of the ES provided by eCOSYStEMS..........ccevriiiiiiiiiiieenniee e 82
3.1.A6. Data preprocessing and @SSIMUIBLON. .........c.citiiiiiiiei ittt se et e b e bbbt saeesb e e s bn e reenns 82
3.1.B.Baseflow ProviSion (INVEST SVVY). . i iiieiiieeeitee ittt e see e st e st e e s eeassbeeastbeestaeesstaeessteessseassseessseeantaeesnsaesnseeesnses 84
3.1.B1. Potential ES provided by terrestrial @COSYSIBIMIS. .....ccuiiitiiiiiiieiii ittt bbb et e i eeneenes 84
3.1B2. ES potentiafSUPPIYTUSE DAIANCE........c..iiiiiiieitieiie ettt sttt e b e b ekt e bt e saeesae e s s b e e beenbeenbeesanesaneenn 0
3.1.B3. ES changes from 2017 10 2023........cc.uetiiiiiiieeeeiite ettt e et ee st ee e sseeesee e e e sbe e e s beeeabse e e aaee e e hee e e b b e e eb b e e e be e e e ne e e aabeeenaneeeanreeenns 93
3.1C Prevention of soil water erosion and sediment transport to waterbodies (INVEST.SDR).........cccccvveereeriiirinennns 98
3.1.C1. Potential ES provided by terrestrial ECOSYSIEITIS.........c.uiiiiiiiiieiii ittt et et seneeanes
3.1.C2Changesn ES potentidrom 2017 t0 2023........ccuiiiiiiieieeieeeti ettt sb ettt h e b ettt ene s
3.1.C3. ES potentiaISUPPIY/USE DAIANCE. ........c..iiiiiitieiiie ittt b e et e b e a ettt e bt et e et e nae e s e sane s
3.1D. Flood risk mitigation (INVEST Urban Flood Risk MitigatiQn).............ceeriererrieiieneeiee e
3.1.D1. ES praded DY terreStrial ©COSYSIEIMS .......uiiiiiiii ittt ettt ettt e ee e sttt e eabe e e e abe e e aabe e e saae e e abseesabeeeenbbeeeabbeeaareeeanbeeesnneas
3.1.D2. Changes in potential EQtemerainfall SCenario, 50 MM).......ccc.coiiiiiiiiiiiii e e
31EX A}}o]vP (( 3 }( 8 EE *3E] 0 }eCed. us.mlyus. . Ad. hE. . .v..}}LoluP.
o0 00 =t I 1Y =T 1 oo [ o Yo o= LN 1= U= PSSR
3.1.E2. ES provided DY termeStBRIOSYSIEIMIS ... .eiiuiiiiieite ettt ettt a e b et e e s bt e bt e bt e sh e e ebe et e e eab e eas e e ab e e b e e beesbeesnnennnesnnean
3.1.E3. Potential ES changes from 2017 t0 2023........couiiiiiieeiieeeeiie et ee et et et e e abe e e s be e e sbeeesabeeeaaseeaasbeeeasbeeesbneeaaaneesanneesnneeas
3.1.G. Carbon storage in SOil aNd tre8 DIOMASS........ueiitierii ettt sttt st e reesae e b e b e e nbeesaneenreeas
3.1.G1. Carbon stocks in Armenia, marzes and VEgetation ZOMNES.........c.ouoviiiiiiiiiii et
3.1.G2.Changes in carbon stock in tree biomass from 2017 t0.2023.
(N o o] 1 =T o ST P U P ST OPR
3.1.»1.General description of the ecosystem service of pollination and key pollinator groups in Armenia............ccococeevveeerieeennd
I O o b IR L= L= =T o PP PPRT
3.1.1 Regulating ES Of PrOtECLEA @rBaAS . ....ccuuiiueiiiieiieiteett ettt b ettt e b et eene b et enaeeasb e eabeenbeenreeteennes 144
ES of seasonal flow regulation and baseflow ProVISION...........ccuoiiiiiiiiiii e 144
ES Of flOOd FSK MILIGALION. ..ottt b e bt h e e h et e ettt e e bt e bt eebe e nan e een e e ne e b e eteeees 144
ES of prevention of soil erosion and sediment transport iNt0 WaterDQAIES.............cueviiiiiiiieii e 144
(0= 14 o Jo g I3 (o] = To [T T = TP U PP PPPRUPPRTOTPPTN 146
I o oY 7T a1 T ECT=T Y o= 148
3.2.A. Fodder production on natural pastures and hayfields..........cceoiiiineniii e 148
I N R 2 oY/ To [=To W o To) =T = U = POV U PR UUPPUUPRN 148
3.2.A2. Changes in ES capacity from 2017 t0 2023.........ccuiiiiiieieeiii ettt ettt e bttt ettt 150

3.2.A3. ES pOtenti@BUPPIYUSE DAIANCE......c..eiiiiiieii ittt ra e bbbttt et e bt e sae e b e nr e ean et
3.2.B.Wild plants used by humans....
3.2.B1. Edible @nd CUlINAIY PIANES..........eeiiiieiiiee ettt ettt ettt e et et e s are e e sk b e e e saee e e saeeeeasbeeeamseeebeeeanneeesnneeennnneennne

3.2.B2. MediCiNal PIANES OF AIMENIA......c . eiiiiiie ettt ettt ettt et e e e be e e e bt e e sabe e e eabe e e aabe e e asbe e ek beeeabbeeeabbeeansbeeenbbeeanbeeeannen
3.2.B3. Nectar production by NAtUral VEGETATIOM ..........eiiuiiiieiie ettt ettt et sr e e st et ab e n e e beenbeentee s 157
3.2.B4. Aggregate assessment of Efgorovided by humarnised PIaNntS...........cocoiiiiiiiiiiiiii e 158
3.3. Recreational EBiaximum permissible recreational l0ad................ooooiiiiieee e 161
3.3.A. General approach t0 aSSESS ES CAPACILY.......cccuiiiiiiiiee ittt ettt ettt e be e e s eme e s bt e e sbe e e sbeeeannee e e 161
3.3.B.Maximum permissible number of recreationists for daily weekend recreation in roadsidessible zones.............. 162

3.3.AMaximum permissible number of hikers in zones accessible from the Transcaucasian. Trail
3.4. Nonmaterial ESbiodiversity in Armenian culture

3.4.A. Ancient timedhe sacred power anbeauty Of NATUIE..........cccciiiiiiiiiiiieecee e ere et reeeans

R = T |V [ To [o ] [TV =Y PRSP

3.4.AAnimals an@lants in ArmeEnian fFOIRUIUIE. ............cccovivieieceieceec sttt s sttt ses s seans

R DN o] g1 (=] 1 g1 oTo] = 1 YK=L FE PO RO PPP PR TOPRPN
3.5. ES&ccounting: summary and diSCUSSLOM ........uuuuuuueeeee ettt e e e e ettt ee e e e e e e e eetbbba e e e e e e eeenaannn s 185




3.6. Examples of aCCOUNtING TARIES.........cooiiiiii e e e e e e e e e e e e e e e e e as 188

ES of baseflow proviSion (SECHON 3.1.B2).........coiuiiiiiiieiei ettt ettt be e sh e bt e sab e e bt e bt e ebe e sbeeeb e e esbeeateenb e e beenaeesiee s 188
ES of prevention of erosion and sediment export to streams (SECtON 3.1.C2)......cocuiiiiiiiriiieeiiee e 190
ES of flood risk mitigation (SECHBIL.D2)..........ciiiiiiiiieiieie et st 191
ES of carbon storage in soil and tree Diomass (SECHON 3.1.G).....uiiiuiiiiiiiiiieei ettt 191
ES of fodder production in natural pastures and hayfields (SECHION 3.2.A) ... .coiii i e s e e saee e saeeeenes 191

60X }vs8E&] us]}v 8} 'o} o
AX § V U SZ} }o}P] 0 P % v E XMUXWK XS] Kuxe XRLRLLILIIITFBRAIRIOKR
5.1. Data and methods for ecosystem extent @CCOUNTIG..........coevrriiiiiiieee e 195
Lo W =Yg T oY= o - | - TSROSO
5.1.B. Firmonization ecosystem extent accounting with the Governmrepiorted landcover accounting dat
5.1.C. Detailed ECOSYSIEIM IMAMN. ... .. eieieiieitiee et ettt e atee e ettt e aateeesaeeeaseeeaaseeeaaueeeeaaeeaaameeanseeeanseeaanseeeanseeeanneaasneeeaneeaaaneeans
5.2. «0System CONAItioN QCCOUNTING ... ..cvtitiiiiieee ettt ettt aneeb bbb bbb e e eees
5.3. Data and methods for ecoSystem ServiCe aCCOUNLING. ........oeeiiiiiiiiiiae e e eee e
5.3.A. Data limitations fOr ES @SSESSMENL..........cuciiiiiiiiieie sttt sr e e
5.3.B.Assessment of the balance between ES potential, demand, and.USE...........ccccererrirniiiieniieniieee e
5.3.C. Challenges in assessing ES supply across different €COSYSIEMS.........cccvrerriereeiiienieeneeneeseens
5.3.D. Integration ®opinglevel and detailed ES MOUEIS........c..oiiiiiiiiiicce ettt
5.3.E. Potential bias in assessing the role of different terrestrial ecosystems in ES provisioning...........ccccceeevveeennnee.
5.3.F. The feasibility of assessing the entire bundle of wiaated ES..............ccooiii i 199
OXE ES]VRE ¢ 8 +8 %+ (}JE o pv Z]vP § EE -smxmxxp()@xymoommwx
Z ((E WXXXXXXXXX :
>]e8 }( E AJXI] XX X X X
%0 %o VXPAEX X X X X X X

Appendix 2.1. Brief description of land cover datasets, which were tested and excluded from analysis................ 208
Appendix 2.1.A. Land cover area difference across marzes: Governepamnted dataminus areas fronbCdatasets....211
Appendix 2.3.C1. Full vegetation type transition matrix from 2017 t0 2028, KIML........cccccceruererenerieenieneeie e 212
Appendix 2.3.C1. Vegetation type transition matrix from 2017 to 2023, % relative t0.2017...........cccocvviveenvereernnenn 213
Appendix 2.5.B.. The proportion of natural landscapes in their total area in Arme&ig%, based on Esri 2023 data214
Appendix 2.5.R. Marzimportancefor conserving all LLCC types in Arméttia sum of Si indices for each marz)....215
Appendix 3.1.AAefficients used for INVEST MOGEING ..........cccvevivieeeereterete ettt en s 216
Appendix 3.1.B.. Tables for estimation of ES indicators of baseflow maintenance for vegetation.types................ 219
Appendix 3.1.R. Volume of water use and losses by RA marzes and Yerevan city, 2022, reported by Armstét,. 222
Appendix 3.1.€1. Avoided erosion and avoided sediment export across vegetation types and marzes.in.2Q17....222
Appendix 3.1.2. Changes in penectare ES provisioning across vegetation types and marzes front@@023.......... 224
Appendix 3.1.H. Cooling capacity (CC) in settlements provided by surrounding €COSYStEMS........cccevveevvrnennnens 225
Appendix 3.1.R. Effect of surrounding ecosystems on cooling capacity in settlemeifs (...........cc.cooovevreerererennne. 229
Appendix 3.1.8. Changes in CC in settlements from 2017 t0 2023...........ccciiiieiiriienieie e 233
Appendix 3.1.HL. Area of pollinator habitatS aCrOSS MAIZES........c.ccciiuiieiiiiiiie e e s be e sbe e srreeeaes 239
Appendix 3.1.F2. Sites where pollinator surveys were CONAUCTEA..........cccuviiiiieiieeiiie s see e 239
Appendix 3.1.F8. Identified taxa of key pollinators across vegetation ZQNES...........cccccveieiieeeiieeiciee e see e 240
Appendix 3.1.Ht. Area of croplands potentially visited by pollinators...........ccccooviiiieciiicce e 242
Appendix 3.2.B1. Edible and culinary plant SPECIES..........coviiiiiiiiiie et e s e et 243
Appendix 3.2.B2. MediCiNal PIANt SPECIES.........cciuii it cee ettt e ae e e e et e e s e e ebe e e s rae e e snreeesaraeesares 246
ApPpPENdiX 3.2.BFHONEY PIANt SPECIES. ... .uuiiiiiiieiieee ettt e et e e e e e st e e sbe e e sateesaaeeeaaeeeesaeeeesbeeesrreenneeen 248



Prototype Ecosystem Accounting of Armenia Summary

"nuuu EC

}vs £S v ]u

Armenia has begun developing a national accounting system aligned with the UN System of EnvireBRowerdalic
Accounting t 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 objectiveEhe EA PV1 provides
physical accounting for ecosystem extent (EE) and 13 main ecosystem services (ES) in Armenia, covering all ES
categoriesvregulating, provisioning, recreational, and intangible (Section 1).
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The total value of ES potential demonstrate their key importance for the economy and population of A(Bextian
355t EE *3E] 0 }*C+3 us % E}A] aX2}(] 6o|)8 vEr)] eGsurifag Water availability in summer
and during droughts, which is critically important for Armemiegosystems 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 qualityecosystens reduce spring and early summer flood risk by increasing runoff retention by 11%
(119million mYland decreasing quick flow 32%during extreme spring rainfalfiorests 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 umith] insects coulghotentially
pollinate almost the entire area of agricultural crops.
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Ecosystem extentaccounting(Sections 2.22.5) 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

yis JvP AUIII®lug v 08Uiii®(Sestiof23% DespAecoSystemsjuniper woodlands, and marshes

have the smallest area, 130 and 27®u g U E +%q / (5} A4 0 C Aless than 1% of Armenia's ar¢Section 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
Ju%e}ES v8 (JE }ve EA]JVP Eu v] [+ }*Ce3 u ]JA E+]SCU -« [Seclios2.Bv®.53Z }uvs

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

C AOOXDB lug ~>T1XA9eX dZ u}ed «]PV](] V3 E-+§ BJPve }}e0EEFuU vifud |pwU 6X359

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 ecosyptamarily steppe and meadowteppev
occurred in the marzes of Shirak, Lori, Gegharkunik, and Aragatsotn. The most extersigeviantransitions were
} o EA (}E PE 0 Vv e }VA E3 ]v3} E}%O0 Vv X /v % ES] po -SFEppesdldhug }( o3
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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 nstagpe ecosystems
play the most important role, providinggZ o EP 8 vvp o « (0}A A}loupu « ~AffAUyediAU v i
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 basidetsamor and Hrazdamwhere 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 bygressiands,
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 whethegrizatetidn is taken into
account (Section 3.2.A3).

> VIde %0 VV]WHU(IE vPuls]P S]}v

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 -eadace air during summer. In forested marzes
Tavush, Lori, and Syuniithey increase the cooling capacity of lanalver by 77%, 57%, and 36%, respectively, and on
average across Armenia by 21% (Section 3.1.E).

> vrgs % VV]VPV@IEE b EEIE p $]}v

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 reduiek Euv}(( ¢ v A E P }( 8 uu ~>i19« v ]v (
& $ vS]}v C o1 uulz ~=ii9s pE]JVP ASE u *%E]vP & Jv( ooU §Z E C u]s]P
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).

Iu%o Se }(po W }eCe3 u » EA] -

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 at@.3% decline in the potential of all quantitatively assessed ES. The
most affected ES wE E }v *S}E P ~>71X069+U (0}} ul]lsS]P 8]}v ~>1Xi9-U * (0}A % E
% E} U 3]}v ~>TXi9e ~~ §]}v iXfieX dZ + & *pode 0 EO0C Uu}veSE § Z}A Z vP -
the overall supply of ES and their sigatistribution. Such information is essential for planning and prioritizing measures
aimed at maintaining or enhancing ecosystem benefits for communities and economic sectors across.Armenia

/v Ev SBIEES|VRS WE S]}v

The Wsi ]Jo o]Pv A]J8Z 8Z }A & E Z]VP % E]V %0 *« VvV su%%}ESe Eu v] [
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 balancp

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

- Glokal Ecosystem Atlas (GE&the map of ecosystemséction 2.7,

- Red List of Ecosystems (RoBpternational Union for Conservation of Nature (IUCKjtent of ecosystems (Section 2.3)



Prototype Ecosystem Accounting of Armenia Summary

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 E2Ead 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.

§ vu SZ} }o}PP %o (WEE] S]VMPC*S u juvsSIwP Eu v]

> | }( E o] oU & Ppuo EoC p% § v ¥X@Jobad datasets $HowEliscrépandes with
government E %0} E S S }( }ps 119 }( SZ }uvSEC][{SeHon 5.¢.A)Fprv EAIRV1EESH E *
dataset was selected, as it enables the assessment of changes in ecosystem extent (EE) and ecosystem services (ES
between 2017 and 2023. Governmemported 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 SEEAIe&tion 5.1.B)

v 3 § ]o } ¢ C < XAUPVL Pelies on a generalized vegetation map developed based on previous
academic studies by Armenian geobotanists. A consistent;ragbiution national ecosystem map is needed for accurate
ecosystem extent accounting and to support informed biodivgrs@nservation decisiemaking(Section 51.C)

§ P %+ (}J& ™ u} o00]vPSowme datésequjre fdr ES assessment were sourced from global databases
and the literature due to the lack of availability in national ofsatess databases. Limited national monitoring data and
missing information (e.g., on ES use) constrain comprehenssésessment. ES modelling for national ecosystem

tuvs]vP <Z}po . v § A E](] SZE}IYPZ v ¢]Sp u epE u vse (E}u
geodesy, and cartography servid&ection 53.A)

" 1% JPA ®du} oXhe 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).

D Jv JvV]SBAE 0 85 % (}& 0 puv Z]JvP }eCeS u }uvsS]vP Jv @
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):

X % 0]*Z v 8]}v o o v |, yéifié usiBg-Adnenian data and harmonized with official faoder
statistics, including a clearly defined methodology for its updating based on satellite imagery from global sources
and official data from Armenia.

X WE} u § Jo v §]}v o ubmg Sdased sethods, land cover data, and the Ecological Land
Units (ELU) approach.

X }Ju%]o v S§]}vo v & P]J}vo § ¢« }( N ,ucpntainipyg Ratigndlfy]vdlideded data on
natural conditions based on in situ measurements in Armenia, as well as statistical and survey data on ES use
and demand.

X *]PvVv (E u AYEI (}JE ]Jvs RPIEPS]VP w}(ESPand others) with advanced hydrological
and meteorological models to account for the high diversity of natural conditions in Armenia.
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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. Thée E}i § ] (v C 8Z '"G®uv & €& o VA]E}vu v8 D]v]3a
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.

iIXCe+38 u }( VA]J]E}vhvyd]o }puvs]wP}eCe3 u }uvs]vP

~ N °

Sustainable development is impossible without an understanding of ecosystems, the services that they provide to
humans, and the changes they underdis challenge is addressed by EA, which has been rapidly evolving in recent
years. In 2024, 94 countries conducted accountibg varying extentss 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 R constitutesa statistical framework for organizing data aboetosystemsand ecosystem services, tracking
changes in themEAdata are needed for the following taskse: 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 accqiigsire 12-1):

1. Ecosystem extenfEERccountgecordthe 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 \Edosystem extent is
accounted for within ecosystem accounting areas (E&R&9)., a nation, province, river basin, or protected avdzy
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 suppliggfy ecosystems and the use
of thoseEShy economic units, including households.

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

Figurel 2-1: Ecosystem accounts and how they
relate to each other
(https://seea.un.org/ecosysteraccounting.
Accounts included iRV1are highlightel in red.

1 SEEA Global assessment, 2024. https://seea.un.org/content/gassassmenenvironmentaleconomieaccounting
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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 accountgspecifically, physical and monetary supplyd-use tables for water v which arepublished
onthe website of Statistical Committee of the Republic of Arméaianstai)®

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®48Kv %% E}A 0 }( §Z %o E}
(JE o <<](] 3]}v }I(8Z ov }A E }( 3setont thefrandewdrk folEtie ainual accounting of the
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.

Iv E vS ¢ E&-U 8§35 vS]}lv §} €Eu v] [ShahnazaryanvHamtyiinyan) 2@lincluding water
regulating EQIntroductionY U T),i$oil erosion 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.

iX3XeCeS U JUVS]WRE}S}SQHe ] W}VE vE w 8Z} }o}PC

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., 207%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 theultsdata sources
used, the asessment methodology.

TheEA PVivas created based on currently available dgpaiblished 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 assessmewaismade 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. Neverthelss$Vilemonstrates the main
approaches to EE and ES accounting, including examples of accounting tables irr¢lcerdiiended 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):

- §3Z vsil]}Jvo v u@loAoeU pe]vP Eu v] [+ frod]the InteractivaFaiest Alpy  E]

of Armenid website;

- Main watershedgHydroSHEDS

- Landscapeones(InteractiveForest Atlas of Armenja

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

- For methodological purposes, we also developed safBfl@nd ES }uvse (JE &u V] [* % E&}S S &

(Sections 2.6 and 3.1.D).

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

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/

10



Prototype Ecosystem Accounting of Armenia 1. Introduction

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 laader 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 yeary 2017 and 202¥ 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 INVEST 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-laor 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 reslis 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 ctimibdada, 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 imaries 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 watenshsdkxported in tabular format
for further statistical analysis.

The area was calculated based on an average pixel slo®af gThe 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/crmessa. 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 thiesriland cover datas specifically the expansion of cropland and built avéigis evident
that these are managed changes. Therefore, in the finabuntingables, this driver is indicated for these cases; for the
}18Z E e« sU 8Z E]A E ]» EEQ®E X_+ "v}E 8§

EE account by economic units was made for marzes.

Transition matrices (change matrices) were producedthe base of Gi&@nalysisfor 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 treohgito 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 assetraada@omic unit. Intermediate ES are those in which the user
is an ecosystem asset and there is a connection to the supply of finBeR&fits are the goods and services that are
ultimately used and enjoyed by peopdid 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 biomasgsroductiont 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. /v up Z }( §Z

A 0] & SUE U §2Z

§ BEuUu *Yu%%0C ] pe S}

E (E 8} v 1}

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 aspectsv such as the degree of ESe
(including overuse and the potential to scale up use), or the extent to which the extsairipw 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 ecosysteBtEA Aproposes 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 ecosystgatential (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

E %8|}V e §Z

~ 1Y 1A E]18C A op

(JE Eu v] [dwithceekaniBleB)TheAegdsystein }vo C

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 assessedtfue
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 settlementsfor § Z
Protected Areasor 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 potentc@pacity 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

}+C-8

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

uel

1. Introduction

} } o(B8P6)ah@ insone case

Ecosystem service

Indicators ofpotential
EScapacity

Indicators of ES
supply andise

Assessing methoc

Section

WE}A]]}v]vP 2

Biomass Crop provisioningS NA (ES provided by naratural agroecosystems)
provisioning 1) Grazed biomass
provisioningES: production Maximum allowable Current number | Mapping, GlSand
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 naratural agroecosystems)
AquacultureprovisioningeS NA (E$rovided by nomaturalaqudic systems)
Wood provisionindeS NA (lack of open statistical data)
Wild fish and othenatural
agquatic 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 gr_mtt_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
Othe.r. . 4) Ngctar production by wild Scorebased Mapplr.lg,.GISand
provisioningES melliferous plants for NA descriptive data | 3.2.B
assessment -
honeybeego produce honey analysis
Z Ppuo 8]JvP v u Jv& v v
Globalclimate 5) Storage of carbon in o Mapping, GlSand
: . . & }v }vs vsU S
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 capacily 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 Sediment Deliver 3.1C
t/halyear; Mt/year water consumed, . y
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 NA with the INVEST 31.D
and extreme rainfall retention, m3 Urban Flood Risk| ~
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
HOSU€EEO E S3S]}viau\d E]e dEA] -
12) Natural conditions for Maximum allowable Mabping. GIS
Recreatioral ES | recreation number ofrecreatio NA apping, 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 Descripion 3.4
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 livestod
. . 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
) . ) 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 - !
regulationtC  |All natural terrestrig concentrations C&in
. Average C conter| Tonsof carbon )
storage in ecosystems . . : the atmosphere leadin NA
ecosystems in tree biomass r 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)
Preventing soil Tonsof avoided | Soil stability (norSNA
; NA . ) NA
erosion erosion benefit)
P_reventlng of Forests and differe Topglo_gy; soil Water use in | Tonsof avoided Water quality Economy of
sediment transport type; climate . . -
types of grassland o marzes |sediment transpo improving marzes
to streams ; - conditions, land
(alpine, subalpine,
Seasonal flow . cover class
; steppe, semideser .
regulationand (grassland or tree Water use in | Total flow and Economy of
Water supply
baseflow marzes baseflow, ni marzes
maintenance
Flood risk mitigatior Forests and Soil typeclimate NA Runoff retention,| Mitigation of flood NA
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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
cover class
(grassland or tree
. Abundanceand The shar_e of Highyield of insect
Forests and differel L . entomophilous .
i land activity ofwild th s based pollinated cropsand E f
Pollination type_s ot grassian pollinators in crops the corebase cost savings on conomy o
alpine, subalpine,| . distance from assessment . o marzes
p p
steppe. semideser different natural alternative pollination
Ppe, vegetation zoneg (SNA benefit)
ecosystems
Forests and differer rl-::]reeegt?c?n?;t Physical and mental
Recreatiorrelated | types of grassland Number of Y

Tourism servic

Cultural importance

Iconic animal and
plant species,

NA

Descriptive text

Understanding of

NA

of biodiversity and images national culture

natural landscape

To determineESvolume provided by ecosystems, we proceeded from the following understanding of baseline
conditions v situations in which ecosystems are absent and ES is not performed ('@l For most ES, it was
assumed that in the absence of ecosystems ES would be entirely absent (no/zero ES). Frelatatbregulating ES,
which are partly performed by the bare land surface without living cover, the baseline conditions were represeated b
AN E PEIuv _ » v EJIU AZ E o0o0evepladE with Bar€gréunce (ske Gection 3.1.A).

Tablel.4-4 Baselines foassessed ES

ES Baseline
Grazedbiomass provisioning
Wild edible and culinarplantsbiomass provisioning
Wild medicinalplantsbiomass provisioning
Wild-plant nectar provisioning
Global climate regulatiort 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.

15



Prototype Ecosystem Accounting of Armenia 2. Ecosystem Exten?2.1. Testing LC datasets

TX }eCe3 UES V§
IXiK+3]vP A]Jo 0o 0% « BAWE § + 3§+ 0 3]}v (JE Wsi
The data for Armenia from the following five publicly available global tavérdatasetswere tested Fig.2.1-1): 1)
Dynamic World; 2EsriLand Cover; 3) ESA WorldCoveGHRE 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; Globeland@obCoverWorld Terrestrial Ecosystemshe Global Land Cover by National
Mapping Organizations (GLCNM&geshort dataset description in thappendix2.1

GLC_FCS30I Dynamic
- World
ESA Esri

GLAD

Figure2.1-1. Tested land cover datasetsor detailed maps see Proj&¢eb GlSsection maps in the projedteb GIS
SectionLand cover datasets examinatidnttps://bccarmenia.nextgis.com/resource/69/display?panel=npne
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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 vegetatioee anthropogenic areas, i.e., builp areas
from natural ones and makes it possible to comp@®/ernmental data and land cover datasetisw 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.

NZ Eol¢ JA E o0 s o ]Jv Eu V]

GLC_FCS30D landcover data shows very strong excess of cropland area and excess of forest area. The results of the
three land cover datasety Esri ESA, and GLAD are similar and show a smaller cropland asea 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 excludedftndher analysis, as
it differed most significantly from all thetler 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
§ -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

ANZE Y(ov JAGE 0ses E}esou EI e

All four remaining datasets differ significantly from the Governmemorted 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 betweaesteddatasets 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 are@Amore 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
Govern Aragatsot
ragatsotin mm 0 =
ment- Ararat — = m Trees
reported | | ﬁrmlgv".k '
data €g I%E)tgglk — Non-woody natural areas
I I —
2022 ShIT%II( - — m Water
Syunik —— = mm
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Vayots DZOI s ——— = BUil-Up
0% 20% 40% 60% 80% 100%
Esri Aracatsot
ragatsoin m |
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ragatsoin mm I
2021 Ararat mem = mm m Trees
Armavir =
Geghﬁgktggil( - Non-woody natural areas
I -
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Vayots DzOr wm e m Built
0% 20% 40% 60% 80% 100%
Dynamic Aragatsot
ragatsotn
World gArarat : m Trees
2022 Armavir
Geghﬁgliggw - Non-woody natural areas
I
ShITrO(';IL " — ® Water, wetlands, flooded veg.
SYuNiK e— ——
Ta¥/ush —— = Crops
Vayots DZOr P )
m Built
0% 20% 40% 60% 80% 100%
GLC_ Aracatsot
ragatsotn
FCS30D 9 rarat  ee— H Trees
2022 Armavir - sem
Geghl%i)ktggib Non-woody natural areas
I
ShITPaTIL m Water, wetlands, flooded veg.
I
Ti%ldglrlm( m Crops
Vayots Dzor H Built
0% 20% 40% 60% 80% 100%

Figure2.1.A-3. Land cover class shares across maapesrdingto Governmenteported data andested datasets
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