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EXECUTIVE SUMMARY IN RUSSIAN

BHEOPEHUE CXEM TMJIATbI 3A YCJIYI 9KOCUCUTEM B NMUNOTHOM PEYHOM
BACCEWHE BEPXHEIo TEMEHUA PEKU PASOAH APMEHUN

PE3IOME

B mapte 2010r. B obnactm KYBP B TedyeHue 3acefaHus pyKOBOAMTENbHOW rpynnbl Auanora
HauMaoHanbLHON MOMUTUKM ObINO MPUHATO pelleHne nogaepxaTe pasBUTUE pbiHKa BOAbI B
ApMeHUN 1 cTumynupoBaTtb ynotpebneHne UHAHCOBbLIX MHCTPYMEHTOB B 06nacTu ynpaBneHus
BOAOW, BKMOYasa nnaTy 3a yCryru 3KOCUCTEM.

Bbino MpuHATO pelleHne ynoTpebnATb nonoxeHws ykasaHus  “TpegnoxeHus B obnactu
ynpaBneHnss BOAHbIMW pecypcaMmy O nnarte 3a 9KOCUCTEMHBIX ycnyr’, koTopoe Obino
obpaboTtaHo ctpaHamyu OOH EBponbl, YTO facT BO3MOXHOCTb 0OpaboTaTb HOBble (hMHAHCOBbIE
MeXaHu3Mbl OnS ynpaBneHuss NpupoaHbiMU pecypcamyv  ApMEHWM C y4eTOM  CTOMMOCTM
XO3AACTBEHHbIX M 3KOMNOrMYECKUX YCNyr (Hanpumep, perynnupoBaHue CToka pek u ap.).

Takum ob6pas3om, ocyllecTBUNacb NUNOTHas NMporpamma, Lenbl KOToporo Obina obpaboTka
naketa MONMUTUKKU, KOTOpas MOCMAYXWUT OCHOBOW Afsi YNONTHOMOYEHHOrO oOpraHa ynpaBleHus
BOLHbIX PECYPCOB C LieNbi NpoBeAeHUs 3akoHoAaTernbHbIX M3MeHeHu B obnactu MN3JY. C aton
uenbto ocyuwiecTBunace noapobHas wuccnepoBaTensckas paboTa, pesynbTaTbl KOTOPOro
0606LLalTCst HMXe.

[Ona BHeOpeHUst N NPUMEHEHMUSI CUCTEM
nnatbl 3@  9KOMOTMMYEeCKUe  yCnyrum, ¢ =7
COrMacHoO nokasatensam ykasauus MY, ™ Moz
NMPUHATBIM  3KOHOMMYECKOM KOMWCCUEN { ", d -
Esponsi  OOH, 6biMo  BbIOpaHO ki :
BEPXHEE TeyeHue pekn PasgaH, /
HaxoaddaWwenca B LEeHTpanbHOW 4YacTtu </
Tepputopun ApmeHuun, 0o cena Kaxcu, - ' ~—
BKIMtoYas  nputokm  Mapmapuk K o S— ! ' 1
Laxkagsop. Mnowanb  BbiGpaHHOro M. ‘%

HaccenHa coctasnseT 780 km?. Ha aTon T (o g
Tepputopumn xmByT 99.4 Thicay nogen, \
50,7% KOTOPOro COCTaBMSOT XEHLLMHbI, P WL “
a 49,3%-MY>KUMHbI. CpeaHss o~ L S
NNOTHOCTb HaceneHusa coctasnseT 127
yen/kv?.

]

b ..
5

MepBas rmaea oTyeTa BKMOYaeT 0630p NUTEPATYPbI KACAKLLIMXCA CXeM MNaThbl 3@ 9KOCUCTEMHbIE
ycnyrn. [JeTanbHO WUCCreayTcsa pekoMeHdauuu Kacawlwmecs nnatbl 3a YCryrm 3KOCUCTEM B
KOHTEKCTe YynpaBrieHUs BOAHbIMW pecypcamu, MOAroToBMEeHHble cekpeTaputom KoHBeHUMM Mo
OXpaHe ¥ WUCMNOMuU30BaHWID TPaHCrpaHUYHbIX BOLOTOKOB UM MexXAyHapoAHbIX o3ep EBponerckon
aKoHoMuYeckon komuccmen OpraHusaumm ObbeanHeHHbIX Hauwmi. Bropas rmaBa npencraenser
KpMTEPMU MO KOTOPbIM Oblnl BbIGpaH MUNOTHLIN GaccenH Anst BHEOPEHUs CxeM nnaTtbl 3a yCnyr
3KOCUCTEM.



Tpetba rnaBa oTtyeTa NOApPOOHO OMNMUCLIBAET COCTOSHUE OKpYXXalolen cpedbl MUIOTHOrO
baccenHa. Penbed peyHoro GaccenHa TUMNMYHO FOPHbIA, KNUMAT - YMEPEHHbIN: neTo Tennas a
3MMa xonogHas, cpeaHss rogosas Temnepatypa Bosdyxa konebnetcs B npegenax 2.7-8,2 °C,
obueronoBkle aTMOCEpHbIe 0caakm cocTaBnsaT 850Mm, a cymMmapHoe ucnapeHue- 250-450mm.
B GacceliHe npeobGnagaloT ropHble CTENW, a NecHble yd4acTkm cocTtaBnstoT 12,9% ot obuien
nnowaaun TeppuTopum.

Tepputopus uccnegyemoro 6accerHa npuHagnexut rmgporpadudeckon cetn peku PaspaH.
Cambin kpynHbIV NpuTOK PasgaHa peka Mapmapuk. B TedyHum roga peyHomn CTOK pacnpepeneH
HepaBHOMepHO. OCHOBHasi YaCTb PEYHOro CTOKa MPOXOAUT BO BPEMSI BECEHHEro MonoBobs, a B
TEYEeHUM neTa U 3UMbl HaMe4yalTCsl ManoBOAHble nepuoabl. 3a rog 4depe3 peky PasgaH us
“ccnenyemoit TeppuTopuK BbIXOAUT OKono 244 mnH. m® Boabl. CTOK pekn 3a rog pacnpeneneH
HapaBHOMeEpPHO. /13 MpupoaHbIX onacHbIX SBNEeHWA HabnwgaTca cenesBble NOTOKM (B OCHOBHOM
HWXHbIE W cpefHble TeyeHus p.Mapmapuk), GeperoBasd M MNPOCTPaHCTBEHHAs 3po3us cnabo
pasBuUTbl, OMOMb3HEW HeMHOro. JlaBuHbl HabnogawwTCad B OCHOBHOM B BEpPXHEM TEYEHMM
p.Laxkaasop.

KayectBo Bog pek PasgaH v Mapmapuk xopolwee U yaoOBMAEeTBOPSIOT TpeboBaHuAM
BOAoMonb30BaHuS.. B ropoge Llaxkaasop v HWXe ero, B HWXKHeEM TedeHun pekun Llaxkagsop, Boga
noaTBepraeTcsa CyLeCTBEHHOMY YerioBeYeCKOMY [OaBMEHWMI0, B CBA3WM C YEM KayeCcTBO BOAbl
Nroxoe Unn oYeHb Nroxoe.

B yeTBepTOM rNaBe oT4YeTa aHaNU3MpyeTcs UCMoNb3oBaHWE MPUPOAHbLIX PeccypcoB GacceiHa,
BKITHO4as UCNonb3oBaHWe naHawadTos, 3eMnenonb3oBaHne, Bogo3abop n copoc.

Camoe cyuwecTBeHHOe 4erioBeyeckoe pAaBrieHne Ha naHawadThbl 3aMeTHO B cTensx.
HaceneHHble NyHKTbl, NPOMbILSEHHbIE NPEANPUSATUS, CENbCKOXO3ANCTBEHHbIE Yroabs U pyrue
X035IMCTBEHHbIE 0OBbEKTHI B OCHOBHOM pacnpefenieHbl B 3TON 30He. PacTUTENbHOCTb annuicKkmx un
cybannuinckmx nyros, Kak npaBwuno, Aerpagmpyetcs B CBA3W C HeMpaBWiHbIM METOAOM NacTu
CKOTa, HE3aKOHHO OTKPbITbIMW aBTOMOOWUIbHLIMM  OOPOramMn CO CTOPOHbI BOAWUTENEW, K3-3a
OTCYTCTBUS [OPOXHbIX MEPEXOO0B [OUS CKOTa, M3-3a HEOGpexHoro cbopa noneBbiX LBETOB U
neyebHbIX TpaB 1 ap.

U3-3a aHepreTnyeckoro kpusmca B 1990-ble rogbl M B pesynbtaTe  yXyAWEHWs couumarbHO-
SKOHOMWYECKOrO YPOBHS HACeneHus, neca 1Uccregyemoro pavioHa M3-3a HesakoHHOW ee pybku
oKasanu OrpoMHbIA  Bpen x03dhcBy. B necax, 6nm3kux K HaceneHHbIM MecTaM Takke naceTcs
CKOT, KOTOPOE OTpuLaTeNbHO BNUAET Ha YCrOBUA BblpallMBaHUA feca, YHUUTOXalTCs Monogble
AepeBbs, ceMeHa U T.A4.

B nunoTtHom TeppuTOoppUM BOOOMOMb30BaHNE OCYLLIECTBNAETCA B LenbsX ObITOBOrO U
NMPOMBILLNIEHHOTO  BOAOMNOTPEONEHNs, TMAPOSHEPreTUKM U OpoleHns. [ns KOMMYyHanbHO-
6LITOBOrO BOAOCHabXeHMs 3a roa ynoTpebnsetcs 43,3 mMnH.mM® BoAbl, ANA NPOMBILLNEHHOTO
BOAOCHabXeHNs-12.2 MnH M%, B Liensx opoLlleHus - NpUMepHo 2,5 MnH M° BoAbl, @ BO3BpaTHbIE
BOAbl NMOCIe UCNONb30BaHMSA COCTaBNAT NoyTn 34-44 % oT obLuero konvyecTsa Bogo3abopa.

Ons opoweHua bGacceriHa Bogy cHabxaeT komnaHvusa «Pasgad [Dxyp», obwas Tepputopus
obcnyxmBaHMs KOTOporo cocrtaenseT  npumepHo 9210 ra. logoBasi notepss BOAbl U3
opocuTenbHbIX cuctem cocTtaBnsieT 42%.

B nAaTton rnaee oTuyeTa ocyliecTBnAaeTcqd OWarHoCTUYECKMI aHanua3 KayecTBa M KonmyecTsa
BOAbl, CTeneHb BOAOMNOJ1b30BaHNA, 3PO3MOHHbIX NMPOLLeCCOoB, py6KVI neca n gerpagauumn 3emMmernb.

KayectBo BOAbl B pekax PasgaH n Mapmapuk xopollasi, 1 Tonbko BoAbl pekn Llaxkagsop B
nocrnefHble roabl UMeKT TEHAEHUMIO yxyaweHuns. 3To 0OyCnoBneHo AaBneHemM KOMMYHanbHO-
ObITOBBIX BOZ, B pavioHe TeppuTopuu ropoaa Llaxkaasop, koTopas yBenuuuBaeTCcHa u3-3a peskoro
pocTa uicna TypuCcTOB U AOMOB OTAbIXa, MOCKOMbLKY Y OOMbLUMHCTBA TYPUCTUYECKUX LIEHTPOB He



MMEIOTCA OYUCTHbIE CTaHUMA U BoJa C 3TUX Tepputopuu, 6e3 ouncTtn, cbpacbiBaeTca B peKy
Llaxkagsop.

B nunoTtHom GacceriHe cywecTByeT psag npobnem, CBA3aHHbIX C HEXBATKOW BOAbl, KOTOpas
Oonblue Bcero 3ameTHa B neTHeM ce3oHe. B poGaBneHune Kk 3TOMy, U3-3a BNUAHUSA U3MEHEHUN
Knumara, no NPOrHO3HbIM AaHHbLIM MOXHO NPpeaBUAETb YMEHbLUEHNEe BOAHbIX PecypcoB Ha 5-24%
B 2030-2100 rr, 4To B CBOI OoYepeab 06OCTPUT AnduuUT BogonoTpebneHus.

B kaxppii roa, ocobeHHO B Mepuoabl BECEHHbIX MOnoBoaui, Ha pekax PasgaH v Mapmapuk
HabnopatoTcs 6eperosas apo3nsi U HaBogHEHME Beperos, KOTOPbIE MPUYMHSAKOT OrPOMHbLIN Bpen
CenbCKOMY XO3SNCTBY.

Ha Tepputopun 6acceriHa B nocnefHble ABa gecAatuneTusi 6uino BeipybneHo npumepHo 180-200
ra necos. HesakoHHas pybka necoB npoaormkaeTcss U No cew AeHb.Kpome Toro nnowaan necos
YMEHbLIATCA Takke 3a CYET paclUMpPEHUS TEPPUTOPUINA TOCTUHWULL U PECTOPaHOB (B PEYHbIX
baccenHax Liaxkagsop n Mapmapuk).

B 4yeTBepTOM rnaBe oT4yeTa paccmaTpvMBaeTCs MNpaBoOBOE MOSie  MPUMEHEHUSA XO3SNCTBEHHbIX
WHCTPYMEHTOB B LENsaX pelleHus BbISBNEHHbIX 3agady. B pamkax atoro nonsd obcyxaeHus
noKasblBaeTCH, YTO BOAHbIA KOAEKC APMEHUM AaeT BO3MOXHOCTbL 06paboTaTth B kKoHTekcTe KYBP
MexXaHu3Mbl U NpeanoxeHusa Ana peanusauun cxem MIJY. 11-aa rmaBa kogekca OTHOCMTCA K
CUCTEME 3KOHOMMWYECKMX CTUMYNOB M nnaT, 76-as cTaTbs KOTOPOro onpegenseTt npuHLMbI
MCNONb30BaHWs, BOCCTAHOBMEHUA W OXpaHbl BOAHbLIX PECypCcoB, a TaKkKe MPUHUUMBI
yperynupoBaHus CUCTEM BOOOCHabXEeHWst M BOJOOTBEAEeHUs. 77-ad cTaTbsl TOW Xe rnaBbl
onpegenseT OCHOBbI MaThl paspelleHuss BO4OMNOMb30BaHUA, KOTOpblE Nocre NPUHATUS Kodekca
NpUMeEHSIeTCA He LIENUKOM.

B wecToi rnaBe aHanu3vpylTCs Takke BOMPOCHI MPUMEHEHWS NMPUPOAOOXPaHHbIX NnaT Ans
BOJOMOb30BaHNS yKasaHHbIX M B Apyrux kogekcax PA (3emenbHbiX, 0 Heapax, NecHowl), u B
3aKOHax yperynupoBaHusi NpPaBOBOrO B3aVMOOTHOLLEHUS MPUPOAONONb30oBaTENEN.

B cepbmon rnaBe npepnaraetca cxema [M3Y nunoTtHoro 6GacceriHa. CormacHo peLueHuto
npasuTtensctsa PA ot 14 asrycta 2003 r. N1110 H “O6 ycraHoBneHun nopsaka OLEHKN BIUSIHUS
XO3SIMCTXKEHHON OEATENbHOCTM Ha BOAHblE PEecypchbl, paccyuTaH 3SKOHOMMUYECKMI yulepb,
HaHeceHHbIN peke Llaxkags3op B 3WMHe-neTHble Mecsiubl, BblpaxeHHbl B BIK, B cnydvae
BHe3anHoro cbpoca 3arpsaA3HeHHbIX BoA. [MonyyeHOo, YTO 3UMHe-NeTHble Mecsubl cOpackiBaeTcs
okono 113 1 BIK, koTopoe peyHbIM BogaM HaHOCUT yuiepb B pa3mepe okoro 28 TeiC. gonnapa.
MpepnonaraeTcsd, 4TO NpY ydyeTe Konnyectsa 1 Apyrnx BpeAHbIX BeLWeCTB B BOAE, 9KOHUMUYECKUI
ywep6 yBenuuuTca noytu Ha 2-3 pasa.

YuntblBas npukasa MMHUCTpa oxpaHbl npupoabl PA “ MeToauka pacyeTta BENNYMHBLI 4OMYCTUMOIO
npenensHoro cbpoca HeounLLEeHHbIX BOA B BOAHblE pecypchl”’, pacumtaHa BenuuuHa BIK ons
pekn Llaxkagsop, kotopas coctaBnseT 7.24 wmr/n. To-ecTb, peka Llaxkag3op B gaHHOM yyacTtke
cbpoca kaHanM3aLMoHHbIX BO4 MMEET TaKyl BENUYMHY CaMOOYUMLLEHUS, YTO BIINSHME HA PEYHYHO
BOAY OT TOYkM cnvsaHusa 0o 500 m BHM3 no TeyeHuto BIK Boabl ymMeHbllaeTcs Ao AOMyCTMMOro
npegena.

Vcxoasa us BbILWEN3ITOXEHHOro, B MATOW rnaBe oT4eTa npeanaraeTcs Takke npegensl npuMeHeHns
M3Y n craBka. Tak-kak kaHanu3aumoOHHas BOAA WMMENOWAsi OpPraHUYecKyl 3arpsiBHEHHOCTb C
KOHLeHTpaumeil 6onee 7.24 r/M® He noanaeTca K CAMOOYULLIEHWIO U OKa3biBAeT OTpULATENbHOE
BMUSIHME Ha 3Ty 3KOCUCTEMY, TO B TaKMX Cnydasx He06XoAMMO NpUMEHSTb Bonee BbICOKYIO CTaBKy
nnaTel 3a ycnyr akocuctemsl. [ina onpegeneHus ctaeky MN3Y npeanaraeTca NpUMEHATb NPUHATUN
B BOAHOM Kogekce PA npuHumMna, 4To 3arpsasHUTENb NNaTtuT, a Benu4MHa onnaTtbl 3a 3arpssHeHue
OOMKHa yaoBneTBopsiTb TpebyeMoro rHaHCOBOro obbemMa OCyLLEeCTBASOWLMX MEPONPUATUIA MO
NpeaoTBPaLLEHNIO N YCTPAHEHUIO 3arpsi3HEHNS.



Uucno HaceneHus, okasbiBawllee YernoBeyeckoe AaBneHue Ha peky Llaxkagsop cocrtaBnsiet
3,800 yenosek, n3 kotopori 1800 moctosHHOe HaceneHue, a 2,000- BpemeHoe (OOMa OTAbIXa,
cnopT 6a3bl, 06bEKTbl OOLECTBEHHOTO MTaHuA 1 Ap.). CormacHo npeaBapuTEnbHbIM OLLEeHKaM
ONs CTPOMTENbCTBA OYMCTHOW CTaHuuin B ropoge Llaxkapsop, Tpebyetcs okono 250 Tbic eBpo.
Wcxopsa n3 mnaeonormm M3IY nornyHo, 4to egnHnua ctaekm (no vactu BIK) gomkHo onpegensartcs
no BenuunHe uHaHcoBbIX pacxonos (250 TeiC €BpOo) U Anana3oHe npumeHeHus MN3Y-232.76 r/m3
(240-7.24) 3zarpsisHeHHas B TeYeHuM netHe-3umHero cedoHa 0.030 m3/c BIK no oTHOLIEeHUIO:

M3Y craska = 5000 eBpo
232.7 r/m® x 0.30 m*/c x (180 x 86.400)

raoe 180 x 86400 - uicno cekyH 3a NPOMEXYTOK BeBMEHU neTo-3uma = 15.552 mnH.

M3Y¢raska = 5000 = 0,000046 eBpo/rpamm.
108568512

Takum o6pasom, [13YcTaBka Anst OOBHLEKTOB, AENCTBYHOLWMX Ha NPeOPExXHON TeppUTOpUU peKn
Llaxkag3sop, pasHo 0,000046 eBpo ans 1r BINK cbpoca B peky. To ecTb, NpegnaraeTca NpUMEHNATb
ero no oTHoweHuo 2000 BpeMeHHbIX noceTuTenen B nonb3dy akocuctembl 1 1800 NOCTOAHHbBIX
Xutenew, ANS 3TOW uUenu, cosgaBas creuuanbHbin OHA, HaxXxo4AWMNCa nog yrnpasneHnem
HaceneHnsa Llaxkaasop, cpeactea KOTOPbIX OOMKHbI ynoTpebnarca  Ha ¢UHaHCMpoBaHWe
MEPONPUATAA, HaNPaBfeHHbIX Ha YMeHblUeHWe 3arpssHeHus peku Llaxkaasop.

MecTHble ™
Xutenm
1800u.a. -

CneynanbHblit N
. oHA

YnyJyweHHasa
JKocucrema -

= ‘\

B nocnepgHel rmaee otyeTa Takke NPeACTaBNATCA Criefylolime Lwarn, KoTopble npeanaratTcs
NpUMeHeHnATb B npuHumnax [13Y, BbINOMHATL COOTBETCTBEHHbIE U3MEHEHWSI U LOMNOMHEHNS B
OEeVCTBYIOLLMX 3aKOHONPOEKTaxX pecnyonmnku.

QuucTHoe
COOpYXeHue -

o

Mpepnaraetcsa NpuHATL 3akoH PA “O nnartax 3a 3kOCUCTEMHbIX YCNyr” C MOMOLLbIO KOTOpOoro dyaet
onpegenaTca nNpegMeT YperynupoBaHUsS 3akOHA, OCHOBHblE MOHATUSA, nnatenwumku MY, suapl
M3Y, cTaBkK, NOPSAOOK yyeTa 1 nnartexa, Nnopsifok ydeta pakTuyecknx o6bemoB 06bekToB MY U
ap.

B HacTosen rnase NpeacTaBnsaiTCa TakKe Kakne N3MeHeHUs U AOMOSTHEHNS HYXXHO NPUHATb U B
Apyrux 3akoHax PA, cBsidgaHHbIX ¢ 3aKkOHOM PA «O nnaTtax 3KOCUCTEMHBbIX YCMyr».



1. LITERATURE REVIEW
1.1. Documents Studied

In the course of review of available publications on PES approaches and best practices the
following background materials were studied:

« Branko Bosnjakovic, "Valuation and Payment Mechanisms for Ecosystem Services in Integrated
Water Resources Management”, prepared within the project "Principles for Multipurpose
Management in Sava River Basin", November, 2006.

« Franciso Alpizar, Allen Blackman and Alexander Pfaff, "Payments for Ecosystem Services:
Why Precision and Targeting Matter", 2007.

« ‘"International Payments for Ecosystem Services", A global research initiative sponsored by
United Nations Environmental Program, International Union for Conservation of Nature in close
cooperation with the Convention on Biological Diversity, 2008.

« James Boyd and Spencer Banzhaf, What Are Ecosystem Services? The Need for Standardized
Environmental Accounting Units. Resources for the Future Discussion Paper, available at:
http. //www.rff.org/Documents/RFF-DP-06-02.pdf

« James Mayers, Charles Batchelor, lvan Bond, Rob Hope, Elaine Morrison and Breana Wheeler,
"Water Ecosystem Services and Poverty under Climate Change: Key Issues and Research
Priorities", 2009.

« Julia Wesely, "Policy Outcomes on Water-Related Ecosystem Services in an Agricultural
Landscape in South Africa”, 2010.

e Living beyond Our Means; Statement from the board of the Millennium Ecosystem Assessment,
available at http: //www.millenniumassessment.org/documents/document.429.aspx.pdf.

« Matt Jenkins, Mother Nature's Sum. Miller-McCune Online Article, available at:
http: //www.miller-mccune.com/article/677

e Millennium Ecosystem Assessment, "Ecosystems and Human Well-Being", 2003.

e Millennium Ecosystem Assessment, "Ecosystems and Human Well-Being: Wetlands and
Water Synthesis", 2005.

« Pablo Gutman, "Payment for Ecosystem Services: A WWF Perspective", a presentation at the
workshop on: Conservation Finance Global Biodiversity Forum, Brazil, 2006.

e Paying Farmers for Environmental Services (Opening pages). United Nations Food and
Agriculture Office Report. Available at: ftp: //ftp.fao.org/docrep/fao/010/a1200e/a1312e00.pdf

e Robert Costanza et al. The value of the world's ecosystem services and natural capital.
http: //www.nature.com/nature/journal/v387/n6630/pdf/387253a0.pdf

« Thomas Greiber, "Payments for Ecosystem Services: Legal and Institutional Frameworks",
IUCN Environmental Policy and Law Paper No. 78, 2010

« UN ECE Convention on the Protection and Use of Transboundary Watercourses and
International Lakes, "Recommendations on Payments for Ecosystem Services in Integrated
Water Resources Management", 2007.

« UNEP Ecosystem Management Programme, "Water Security and Ecosystem Services: The
Critical Connection", 2009

« Wilson, M.A., and Howarth, R.B., "Discourse-based Valuation of Ecosystem Services:
Establishing Fair Outcomes through Group Deliberation”, 2002.

« Wouter H. Maes, Griet Heuvelmans and Bart Muys, "Assessment of Land Use Impact on Water-
Related Ecosystem Services Capturing the Integrated Terrestrial-Aquatic System”, 2009.

These materials provided background information on the range of definitions of the terms
"ecosystem services" and "payments for ecosystem services", the categories and scales of PES
services, types of PES schemes, as well as examples of PES programs which procure some sort
of water-related ecosystem service.



1.2. Definitions

Payments for Ecosystem Services (PES), also known as Payments for Environmental
Services (or Benefits) broadly defined, is the practice of offering incentives to farmers or
landowners in exchange for managing their land to provide some sort of ecological service.

Ecosystem services have no standardized definition, but might broadly be called “the benefits of
nature to households, communities, and economies™ or, more simply, “the good things nature
does". According to the Millennium Ecosystem Assessment® the ecosystem services are "benefits
people obtain from ecosystems. These include provisioning services such as food and water;
regulating services such as regulation of floods, drought, land degradation and disease; supporting
services such as soil formation and nutrient cycling; and cultural services such as recreational,
spiritual, religious and other nonmaterial benefits".

According to UN ECE “Ecosystem services” means the benefits people obtain from ecosystems®.
These include provisioning services such as food, water, timber and fibber; regulating services that
affect climate, floods, disease, wastes and water quality; cultural services that provide recreational,
aesthetic and spiritual benefits; and supporting services such as soil formation, photosynthesis and
nutrient cycling.

Similarly, there are numerous definitions for the term payment for ecosystem services. For the
purposes of this report “Payments for ecosystem services (PES)” means a contractual transaction
between a buyer and a seller for an ecosystem service or a land use/management practice likely to
secure that service. The term “payments for ecosystem services” is not universally adopted.
Depending on the cultural and political context, other terms such as “recompense”, “compensation”
or “reward” may be used. PES projects are also referred to as “improved management of
hydrological resources” or “reciprocal arrangements”. PES is sometimes called “incentive-based
cooperative agreements”, “stewardship payments”, “compensatory schemes” or even

“performance payments”.

PES programs are voluntary and mutually beneficial contracts between consumers of ecosystem
services and the suppliers of these services. The party supplying the environmental services holds
the property right over an environmental good that provides a flow of benefits to the demanding
party in return for compensation. The beneficiaries of the ecosystem services are willing to pay a
price that is lower than their welfare gain due to the services. The providers of the ecosystem
services are willing to accept a payment that is greater than the cost of providing the services.

1.3. Categories of PES Services and Types of PES Schemes

Twenty-four specific ecosystem services were identified and assessed by the Millennium
Ecosystem Assessment, a 2005 UN-sponsored report designed to assess the state of the world's
ecosystems. The report defined the broad categories of ecosystem services as food production
(in the form of crops, livestock, capture fisheries, aquaculture and wild foods), fibre (in the form of
timber, cotton, hemp, and silk), generic resources (bio-chemicals, natural medicines, and
pharmaceuticals), fresh water, air quality regulation, climate regulation, water regulation, erosion

1y James Boyd and Spencer Banzhaf, What Are Ecosystem Services? The Need for Standardized Environmental
Accounting Units. Resources for the Future Discussion Paper, available at: http://www.rff.org/Documents/RFF-DP-06-
02.pdf

) Matt Jenkins, Mother Nature's Sum. Miller-McCune Online Article, available at: http:/www.miller-
mccune.com/article/677

3) Millennium Ecosystem Assessment, "Ecosystems and Human Well-Being: Wetlands and Water Synthesis", 2005.
%) UN ECE Convention on the Protection and Use of Transboundary Watercourses and International Lakes,
"Recommendations on Payments for Ecosystem Services in Integrated Water Resources Management", 2007.

10



regulation, water purification and waste treatment, disease regulation, pest regulation, pollination,
natural hazard regulation, and cultural services (including spiritual, religious, and aesthetic
values, recreation and ecotourism)S.

However, there is a “big three” among these 24 services which are currently receiving the most
money and interest worldwide. These are climate change mitigation, watershed services and
biodiversity conservation.

Ecosystem services may be present at any scale: local, national and international. An example of
service at local scale includes water quality benefits of conservation in a small watershed. The
country-wide benefits of biodiversity conservation are an example of national scale service. And
finally, global common benefits of conserving biodiversity, international waters or the atmosphere
are example of ecosystem service at international scale.

The general classification of PES distinguishes the following major types of PES schemes®: public
schemes, private (self-organized) schemes and trading schemes. The type of buyers, i.e. States,
public/private utilities, business or others, will influence the type of PES and the type of financial
arrangements.

Public schemes are schemes in which a municipality or a local or national government acts as the
sole or primary purchaser of a specified ecosystem service or, more commonly, a related land use
or management practice. Public schemes may operate at the local or national level.

In private (self-organized) schemes, both buyers and sellers are private entities (companies,
NGOs, farmers’ associations or cooperatives, private individuals). Private self-organized schemes
are typically local schemes. Trading schemes refer to the establishment of markets in which
established rights (or permits) and/or quotas can be exchanged, sold or leased. The existence of a
strong, well-defined and functioning legal and regulatory framework is a prerequisite for trading
schemes to operate.

Public and private PES schemes may adopt different financial arrangements regarding the
compensation to sellers and the collection of buyers’ contributions. The six most common financial
arrangements include (for sellers) direct compensation, investment or development funds, and land
purchasing and (for buyers) customer-charged payments, lump-sum contributions and tax-based
contributions.

1.4. Valuation of Ecosystem Services

Ecosystem values are measures of how important ecosystem services are to people — what they
are worth. Economists measure the value of ecosystem services to people by estimating the
amount people are willing to pay to preserve or enhance the services. However, this is not always
straightforward, for a variety of reasons.

Most importantly, while some services of ecosystems, like fish or lumber, are bought and sold in
markets, many ecosystem services, like a day of wildlife viewing or a view of the ocean, are not
traded in markets. Thus, people do not pay directly for many ecosystem services. Additionally,
because people are not familiar with purchasing such goods, their willingness to pay may not be
clearly defined. However, this does not mean that ecosystems or their services have no value, or
cannot be valued in dollar terms.

%) Living Beyond Our Means; Statement from the board of the Millennium Ecosystem Assessment, available at
http://www.millenniumassessment.org/documents/document.429.aspx. pdf.

®) UN ECE Convention on the Protection and Use of Transboundary Watercourses and International Lakes,
"Recommendations on Payments for Ecosystem Services in Integrated Water Resources Management", 2007.
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It is not necessary for ecosystem services to be bought and sold in markets in order to measure
their value in dollars. What is required is a measure of how much purchasing power (dollars)
people are willing to give up to get the service of the ecosystem, or how much people would need
to be paid in order to give it up, if they were asked to make a choice similar to one they would
make in a market.

Economists classify ecosystem values into several types. The two main categories are use values
and non-use, or “passive use” values’. Whereas use values are based on actual use of the
environment, non-use values are values that are not associated with actual use, or even an option
to use, an ecosystem or its services.

Thus, use value is defined as the value derived from the actual use of a good or service, such as
hunting, fishing, bird watching, or hiking. Use values may also include indirect uses. For example,
an Alaskan wilderness area provides direct use values to the people who visit the area. Other
people might enjoy watching a television show about the area and its wildlife, thus receiving
indirect use values. People may also receive indirect use values from an input that helps to
produce something else that people use directly. For example, the lower organisms on the aquatic
food chain provide indirect use values to recreational anglers who catch the fish that eat them.

Option value is the value that people place on having the option to enjoy something in the future,
although they may not currently use it. Thus, it is a type of use value. For example, a person may
hope to visit the Alaskan wilderness area sometime in the future, and thus would be willing to pay
something to preserve the area in order to maintain that option.

Similarly, bequest value is the value that people place on knowing that future generations will have
the option to enjoy something. Thus, bequest value is measured by peoples’ willingness to pay to
preserve the natural environment for future generations. For example, a person may be willing to
pay to protect the Alaskan wilderness area so that future generations will have the opportunity to
enjoy it.

Non-use values, also referred to as “passive use” values, are values that are not associated with
actual use, or even the option to use a good or service. Existence value is the non-use value that
people place on simply knowing that something exists, even if they will never see it or use it. For
example, a person might be willing to pay to protect the Alaskan wilderness area, even though he
or she never expects or even wants to go there, but simply because he or she values the fact that
it exists.

It is clear that a single person may benefit in more than one way from the same ecosystem. Thus,
total economic value is the sum of all the relevant use and non-use values for a good or service.

1.5. Process in PES Establishment

The schemes for payments for ecosystem services can be designed and introduced in a context,
where there are already well-defined and measurable links between a certain activities or
conservation practice and the quantity and quality of ecosystem services. "Recommendation on
Payments for Ecosystem Services in Integrated Water Resources Management™® presents a flow
chart illustrating some questions to be answered and analysis to be carried out before deciding on
establishment of a PES scheme. Thus, the chart below presents a set of questions that have to be
addressed and analysis that have to be undertaken in the process of deciding whether the
establishment of a PES scheme is feasible and useful.

7Y http://ww.ecosystemvaluation.org
8 UN ECE Convention on the Protection and Use of Transboundary Watercourses and International Lakes,
"Recommendations on Payments for Ecosystem Services in Integrated Water Resources Management", 2007.
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Figure 1: Major Issues in the Process of Establishing PES’

1.6. Examples

Table below provides examples of various payments for ecosystem services.

Table 1: Examples of local, national and international level public and private PES schemes

Water
related .
ecosystem Description Buyer Seller
service
Improvement | The world's largest and longest running PES program is the | United Farmers
of water United States' Conservation Reserve Program,10 which States' and
quality, currently pays about $1.8 billion a year under 766,000 Conservation | landowners
control of soil | individual contracts with farmers and landowners to “rent” a | Reserve
erosion and total 34,700,000 acres (140,000 kmz) of what it considers Program
enhancement | “environmentally-sensitive land.™” These farmers agree to
of habitats for | plant “long-term, resource-conserving covers to improve
waterfowl and | water quality, control soil erosion and enhance habitats for
wildlife waterfowl and wildlife.”
Erosion In 2000, the Chinese central government announced an Central Farmers
reduction, expensive project under its $43 billion Grains for Green Government
saving the program, by which it offers farmers grain in exchange for of China

streams and

not clearing forested slopes for farming, thereby reducing

®) UN ECE Convention on the Protection and Use of Transboundary Watercourses and International Lakes,
"Recommendations on Payments for Ecosystem Services in Integrated Water Resources Management", 2007.

10) Matt Jenkins, Mother Nature's Sum. Miller-McCune Online Article, hereinafter Jenkins

™y United States Department of Agriculture news release: USDA Issues $1.8 Billion in Conservation Reserve Payments.
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Water

ielated Description Buyer Seller
ecosystem
service
rivers erosion and saving the streams and rivers below from the
associated deluge of sedimentation.
Provision of Cumes River is the town’s main source of clean water for The villagers | Upstream
clean water the town Jesus de Otoro, Hondurs. Coffee producers were downstream | farmers
dumping their waste into the river upstream, polluting the
source and directly affecting the consumers downstream.
To solve this problem, the local Council for Administration
of Water and Sewage Disposal (JAPOE) created a payment
program to benefit coffee producers upstream and the
town’s inhabitants that lived downstream. The villagers
downstream paid around $0.06 per household per month to
JAPOE. JAPOE redirected the money towards upstream
farmers. The farmers complied with various guidelines,
such as construction of irrigation ditches, proper
management of waste, and use of organic fertilizers.
Provision of Nestlé, which owns the natural mineral water sources of Nestlé Dairy
high-quality Vittel in north-eastern France, protected the spring Waters, farmers
mineral catchment area, which was intensively farmed (with which owns
drinking resulting nutrient run-off and pesticide residues), by the natural
water purchasing agricultural land and reforesting it. It also mineral
reduced further non-point pollution by signing 18-to-30-year | water
contracts with the local farmers to reduce nitrate pollution sources of
by adopting extensive and optimal cattle-ranching practices | Vittel S.A. in
and replacing corn crops with alfalfa. The yearly payments north-
are based on the opportunity cost and the actual costs of eastern
technological change. Vittel financed investment costs and | France
paid US$ 230 per hectare and per year for a period of
seven years to cover the reduced profitability.
Improving the | Change of management practice in agriculture. Examples EU Farmers
quality of of commitments covered by agro-environmental schemes: government
surface (a) environmentally favourable extensification of farming; authorities
waters and (b) management of low-intensity pasture systems; (c)
groundwater | integrated farm management and organic farming; (d)
preservation of landscape and historical features such as
hedgerows, ditches and woods; and (e) conservation of
high-value habitats and their associated biodiversity.
Farmers receive payments that compensate for additional
costs and loss of income that arises as a result of altered
farming practices. The average agro-environmental
payment is € 89 per hectare and year, and for organic
farming € 186 per hectare and year.
Reduction of | In Switzerland, precipitation generates drinking water to the | Federal Farmers
nitrate value of about € 3,500 per hectare of agricultural land. As Government
charges in intensive farming not adapted to local conditions is the main | of
groundwater | cause of groundwater nitrate pollution, further measures Switzerland,
and were needed in addition to strong legislation on water cantons and
consequently | protection and agriculture; these include voluntary water
of nitrate programs promoting extensification. The objective of the supplier
input into the | PES scheme was to change management practice in order
North Sea via | to decrease nitrate pollution in groundwater, with an
the river emphasis on groundwater used for drinking water.
Rhine; Compensation varied from € 130 per hectare and year for
provision of measures in open cultures to € 1,250 for enhancing the
high-quality meadow’s surface.
drinking
water
Provision of The New York City—Catskill watershed management NYC Upstream
high-quality program is a striking example of a public payment scheme. | municipal forestry
drinking The Catskill and Delaware watersheds provide 90 per cent | water-supply | landowners,
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Water

ielated Description Buyer Seller
ecosystem

service
water for New | of the water consumed by the city of New York. As the company farmers and
York City quality of water decreased in the 1990s, the United States timber
(NYC) Environmental Protection Agency (EPA) required that all companies
through surface water be filtered, unless safe water could be
natural provided under natural conditions. It was estimated that
filtration building a filtration plant would cost US$ 6 billion to 8 billion

rather than
construction
of a new
filtration plant

and its yearly operation US$ 300 million to 500 million.
Instead of building a filtration plant, the city authorities
decided to invest US$ 1.5 billion over 10 years in a
watershed program to be administered by the Catskill
Watershed Corporation, a non-profit organization. The
program is based on improvements in farm and forestry
practices in order to reduce water pollution. The PES
scheme was initiated with money from the city of New York,
the state of New York and the Federal Government. Now
the scheme is financed by a tax included in New York water
users’ bills.

Dairy farmers and foresters adopting good management
practices were compensated with US$ 40 million, which
vowed their additional costs. Foresters who improved their
management practices (e.g. by using low-impact logging)
received additional logging permits for new areas. Forest
landowners owning 50 acres or more and agreeing to
commit to a 10-year forest management plan were entitled
to an 80% reduction in local property taxes.

15




2. SELECTION OF PILOT RIVER BASIN

For introduction and application of the system of payment for ecosystem services in Armenia first
criteria for selection of river basin are developed taking into consideration PES guidelines
developed by UNECE. Based on these criteria we have studied and selected pilot river basin -
upper basin of Hrazdan River up to settlement Qaghsi, including right tributaries Marmarik and
Tsaghkadzor (Figures 2 and 3).

2.1. Principles of selecting river basin

1. According to river basin area and average weighted altitude the average altitude and area of the
selected river basin shall be characteristics for the country average,
e The area of the selected river basin is 774 km?, and the average weighted altitude is 2170 m,

2. Characteristic geological structure and topography,
e In the selected river basin the geology includes structures of folded-mountain and volcanic
origin,

3. Existence of different ecosystems and landscapes, and existence of forests,
¢ In the selected basin steppe landscape is dominant, about 9.3% is forest ecosystem, the basin
also includes sub-alpine and alpine landscapes,

4. Population number,
e The selected river basin includes about 101,800 inhabitants, of which urban population is 75%
and rural population is 25%,

5. Existence of industry,
e The selected basin includes mining and cement industry, thermal and power plant and food
industry,

6. Existence of agriculture,
e The selected river basin includes livestock breeding, corn production and other crop production,

7. Existence of land use,

e The selected river basin includes irrigated and non-irrigated arable lands (around 10% of total),
gardens, grasslands and pastures,

8. Multi-purpose water use,

e The selected river basin includes water use for industrial, drinking-household, energy,
recreation, irrigation and other purposes,

9. Existence of water transfer from other basin (from Lake Sevan through Hrazdan River),

10. Existence of various water objects in the basin, including reservoir, canal, and other hydro-
technical structures,

11. Existence of water supply and wastewater treatment facilities,
12. Existence of hydro-meteorological quantity and quality monitoring points,
13. Existence of recreational zones,

e The selected river basin includes numerous health resorts, summer and winter sport complexes,
resort houses, mineral and freshwater springs,
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14. Existence of reserves and reservations,
e The selected basin includes water and forest reserves,

15. Frequency of hydrological and hydro-geological hazards,
e In the selected basin the territories are frequently flooded, and mudflows, landslides, heavy
winds and other hydro-meteorological events are frequent.

Legend

====== State border

Rivers
VZ/7) Settiements

[ ] Reservoirs and lakes

I:I Pilot river basin

Figure 2: Location of the Pilot River Basin in the Territory of Armenia

Figure 3: Map of the Territory of the Pilot River Basin
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3. CHARACTERIZATION OF THE ENVIRONMENT
3.1. Geographic location

The selected pilot basin starts from the sources of Hrazdan River, which is the Lake Sevan and
reaches until the settlement Qaghsi. The basin contains the basins of Marmarik and Tsaghkadzor
tributaries.

The territory includes the upper sections of Hrazdan River, which involves the sections from two
marzes (regions) of Armenia: Gegharkunik and Kotayq. From Gegharkunik marz the communities
Sevan, Geghamavan, Varser, Ddmashen, Zovaber and Tsaghkunq are included. From Kotayq
marz the communities Hrazdan, Tsaghkadzor, Aghavnadzor, Artavaz, Lernanist, Hangavan,
Meghradzor, Jrarat and Qaghsi are included.

The watershed of upper flows of Hrazdan River is located between the inter-mountainous gorge
Tsaghkunyantz and Pambak. On the other side it occupies comparatively large gorge of upper
Hrazdan, which on the left side joins with the western slopes of Geghama mountain range.

3.2. Topography

The topography is typical mountainous, where one can observe valleys, canyons and gorges
segregated highly partitioned by Hrazdan River tributaries.

Pambak and the south-eastern Tsaghkunyatz mountain ranges have erosion-denudation surface
and structurally partitioned topography. As for Geghama volcanic mountain range, until the altitude
of 2500 m it is characterized with partially ledged topography, and mounds.

On the right banks of Hrazdan River water-resistant rocks are dominating. Contrary to that, on the
left banks of the river highly porous and cracked water absorbing volcanic rocks of Jura's period
are dominating.

From geomorphological perspective in the studied territory of Hrazdan River basin high
mountainous and inter-mountainous zones are distinguished.

High mountainous zone is distributed over the south-western slopes of the Geghama mountain
range, where the volcanic cones are widely distributed and which have an altitude of 2500-3500 m.
Often highly maintained mixtures can be observed, which compose small lakes. On the surface the
remnants of andesite-basalts lavas are dominating, the capacity of which reaches 20-30 m at
certain places.

The inter-mountainous zone includes the zone of Geghama mountain range located between the
altitude 1500-2500 m, which is characterized with regular undalatory, and partially ledged
topography. It is covered with lava flow composed of andesite-basalt structures. River valleys have
the form of V-shape.

3.3. Climate

The territory of the pilot river basin different climate zones: from mild zones (warm summer and
cold winters) up to cold, mountainous zones (in Pambak and Geghama high mountainous zones).
In the upper Hrazdan River basin the average annual air temperature varies from 8.2°C at the
altitudes 1600-1700 m above the sea level down to 2.7°C at the altitudes of 2800 m and above.
The total average annual quantity of precipitation composes 550-600 mm at the altitudes 1600-
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1700 m up to 850-900 mm at the altitudes of 2800 m and above, and the total annual evaporation
composes correspondingly 400—450 mm and 200 -250 mm.

Throughout the year the dominant direction of the wind is western and south-western, reaching
60% and the average speed of the wind is 0.9 m/sec. The number of days with thunder on average
composes 39 days with the maximum of 74 days annually. The number of days with hails
throughout the day is on average 5, and the maximum has is 24 days. The heating season (<8°C)
starts from early October and lasts until the first decade of May.

The height of the snow cover (cm) in the first decade of December composes 15-30 cm, and
reaches its maximum height in the second decade of March - 70-100 cm. The number of days with
snow cover on average composes 140, with maximum being 180 days and minimum of 110 days.
A stable snow cover is observed in the period between December-March.

Parallel to increase of altitudes above the sea level, the types of vertical climatic zones change in
line with the increase of atmospheric precipitation and decrease of evaporation and temperature.

3.4. Landscapes

The following types of landscapes are distributed in the territory of the upper Hrazdan River basin:
high mountainous alpine landscapes - 2,800-3,100 m, mountainous-steppes - 400-2,800 m,
mountainous steppes - 1,600-2,400 m and forests - 1750-2250 m. The dominating landscape in
the river basin is the mountainous steppes, which compose about 66.9% of the territory of the
basin or 52,150 ha. High mountainous alpine landscape composes about 7.4% of the territory of
the basin or 5,785 ha, and high mountainous sub-alpine landscape composes about 12.9% of the
territory of the basin or 10,031 ha. The territories covered by forest compose about 12.9% of the
entire territory of the basin or 10,034 ha (Figure 4).

Figure 4: Landscapes of the Pilot River Basin

In alpine meadows the following types of plants are dominating: Minuartia aizoides, Veronica
kurdica, Taraxacum steveni, Potentilla agaea, Sibbaldia procumbens, Chamaesciadium acaule.
The sub-alpine meadows are drier and full of step-type of plans, including Pyretrum szovittsii, P.
balsamita, Antyllis boissieri, Helichrysum plicatum and other.
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The forests in the pilot river basin are under the state ownership. These state forests are managed
by the Hrazdan branch of "Hayantar" (ArmForest) State Non-Commercial Organization (SNCO)
under the Ministry of Agriculture, which includes the Meghradzor and Tsaghkadzor forest
economies (Table 2). These forests are also included in the cadastral boundaries of the relevant
communities.

Table 2: Forests in the pilot river basin

Forest economy Total area, ha of which, covered with forest, ha
Tsaghkadzor 9647 6727
Meghradzor 4792 3307
Total 14439* 10034*

*according to data from "Hayantar" SNCO

The conditions of forest growth are mesophilous mountainous. From the tree types the following
are dominating: Caucasian hornbeam, Caucasian oak and Broad-leaved oak.

Broad-leaved forests with dominating type Quercus iberica of Georgian oak and abound sub-
forests are distributed at the altitudes of 1600-2200 m. Sparse sub-forests and forests with
dominating type Carpinus caucasica of Caucasian horn beam are distributed at the altitudes 1600-
2000 m, and grass-covered forests with dominating type Q. Macranthera of broad-leaved oak are
distributed at the altitudes of 1900-2400 m.

In the mountainous steppes cereals are dominating. They are mainly used as pastures. In the
steppe territories located nearby of the settlements arable lands, and perennial plantations are
dominating.

3.5. Soils

The soils in the river basin are mainly of the following types: mountainous brown, mountainous
black, mountainous meadow-steppe and mountainous meadow.

In the lower reaches of Marmarik River grey meadow soils are distributed along the river, which fall
under the irrigated areas. Mountainous brown soils are distributed in the territories of forests and
steppe territories of the Marmarik River basin. Meadow-steppe type soils are distributed at the
altitudes of 1800-2400 m of the Marmarik River basin. From Hrazdan city until Sevan city steppe
black soils are dominating.

3.6. Hydrology

Hrazdan River originates from the largest lake in the region, Lake Sevan, at about 1900 m above
the sea level. Due to artificial decrease of Lake Sevan level the bed of the Hrazdan River has
become an artificially dug canal, as groundwater canal for Lake Sevan and derivation canal
Atarbekyan hydropower station. In Sevan city the canal flows into a 5 km long underground tunnel
and in Geghamavan village flows into the surface passing almost parallel to Yerevan-Sevan
highway. Afterwards, it flows into Atarbekyan HPP, and then immediately flows into the Aghbyurak
regulatory reservoir. From the old river bed of Hrazdan River currently annually only 50-80 I/second
water flows, which is formed from the tributaries located in the eastern slopes of Pambak mountain
range, as well as wastewater discharges from Sevan city and Tsaghkung, Varser, Geghamavan,
Ddmashen and Zovaber settlements. Near the settlement Jrarat right tributaries Marmarik and
Tsaghkadzor confluence with Hrazdan River. Flowing out of Hrazdan city the river flows into the
Aghbyurak reservoir, below which it flows through Qaghsi wastewater treatment station, which is
currently inoperational and completely degraded (Figure 5).

The largest tributary to Hrazdan River in the pilot river basin is Marmarik River. Its length is 37 km
and the watershed area is 427 km? Marmarik River originates from the north-western slope of
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Tsaghkunyatz mountain range, at the altitude of 2520 m. It merges with Hrazdan River at 116 km
from the Hrazdan River mouth. The overall direction of the river flow is south-eastern. Among the
largest tributaries are Gomur, Yerkarget and Ulashik.

In the table 3 below the main morphological characteristics of Hrazdan River and its main
tributaries are presented.

Table 3: Morphological characteristics of Hrazdan River and its upper sections

. Distance from | Altitude of Altitude of Area of Average
River name Dlschgrged the river the source, the river the basin, Length, incling,

to river 2 km

mouth, km m mouth, m km %o

Hrazdan™ Araks 105 1900 1650 780 36 23
Marmarik Hrazdan 116 2520 1699 427 37 22
Miskhana Marmarik 30 2740 1951 405 11 72
Yerkarget Miskhana 2.0 2890 2004 25.2 10 89
Ulashik Marmarik 24 2791 1854 39.8 12 78
Shumlar Marmarik 23 2550 1864 2.5 4 172
Artavaz Marmarik 21 2465 1831 9.0 7 91
Kabakhlu Marmarik 17 2570 1780 29.9 10 79
Gomour Marmarik 12 2680 1755 104 15 62
Tsaghkadzor | Hrazdan 115 2820 1697 25.4 12 -
The hydrological observations in the upper Hrazdan River basin were initiated since 1913

(hydrological observation post city Hrazdan-post Sevan), however, the main observation works
were implemented during the Soviet Union by the ArmStateHydroemt. In total 15 hydrological
observation posts has been operation, of which 9 were located directly on Hrazdan River (it should
be noted that due to various reasons the location of the most of theses post has been frequently
changed). The majority of the posts have been closed in different years. Currently in the basin
there are only 6 operational hydrological observation posts, 3 on Hrazdan River and 3 on Marmarik
River (Table 4).

2y Hrazdan River until the settlement Qaghsi.
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Figure 5: Hydrology of the Pilot River Basin

Table 4 presents the main hydrological characteristics of the hydrological observation posts in the
upper Hrazdan River basin.

Table 4: Hydrological characteristics of Hrazdan basin according to hydrological observation posts

. Perennial . -
River- Flow Flow Flow Maximum Minimum
observation Je;rasti&z V;’;’gg’i’:ﬁ? d%\gei::??e module, volume, layer, discharge, | discharge,
post P : poche e?: ' | Usec. km? | min. m* mm m®/sec m®/sec
Marmark- | 1957-until | g5 g 1.67 17.2 52.7 564 31.3 0.12
Hangavan now
Marmarik- 1942- until
Aghavnadzor now 375 4.83 12.9 152 406 86.7 0.14
Gomour- 1936- until
Meghradzor now 101 1.56 15.4 49.2 487 50.6 0.01
Ulashik- 1970-
Artavaz 1987 394 0.88 22.4 0.03 721 12.2 0.071
(Takyarlou)
Shoumlar- 1958-
Karakala 1960 2.10 0.016 11.0 0.50 346 0.28 0.000
Artavaz 1958-
(Qyoroghli)- 1960 8.50 0.12 16.5 3.78 520 1.67 0.000
Artavaz
Hrazdan- 1944- until
Geghamavan now 4799 13.3 - - - - -
43.0
(on the canal)
Hrazdan- | 1965-until | 5330 7.77 5.09 244 162 66.3 1.43
Hrazdan now 697
Hrazdan- 1928-
Qaghsi 1939 780 141 137 4.10
Tsaghkadzor- | 2010-until | 53 ) 0.019 0.82 0.599 25.9 - -
Tsaghkadzor now
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As seen from table 4, the lower section of the river basin Hrazdan River (mainly including waters of
Marmarik River) and the Hrazdan derivation channel together have an annual water discharge of
7.77+13.3=21.07 m*/second.

Taking into consideration that the derivation channel is transit for the upper Hrazdan basin, and
does not play a significant role in water use, we considered in the water-economic balance of the
basin only the water discharge passing through the river - 7.77 m%second.
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Figure 6: Average perennial discharges in Hrazdan-Hrazdan and Marmarik-Aghavnadzor hydrological
observation posts

Throughout the year the river flow is distributed unevenly (Figure 6). The major part of the river
flow is formed during the spring inundations and during the summer and winter seasons the river is
water stressed. The main feeding sources of Hrazdan River are snowmelt, precipitation and
groundwater. For Marmarik River the main feeding source is snowmelt, which composes 55%,
whereas the other feeding sources are much less (precipitation waters - 18% and groundwater -
27%).

In order to provide for scientifically justified complex and rational use and protection of water
resources of the basin, and in order to maintain the natural regime of the River, on March 23, 1981
a Decision No. 148 of the Council of Ministers of the Armenian Soviet Socialist Republic was
adopted on "Establishment of Hydrological Reserve in the Upstream Part of Marmarik River". The
territory of the Hydrological Reserve is defined from the mouth of Marmarik River until its end,
village Hangavan, with a territory of 93.5 km?.

The territory of the river basin includes 2 reservoirs: Aghbyurak (Akhpara) and Marmarik (Table 5).
The Aghbyurak reservoir provides for production of electricity by the Sevan-Hrazdan Cascade of
HPPs. Marmarik reservoirs is close to construction and will be put into operation in mid 2011. The
reservoir has mainly irrigation purposes and will provide irrigation water for land areas in the
Marmarik River basin and middle and lower sections of Hrazdan River, which together compose
about 1200 ha. Taking into consideration the favourable natural-climatic conditions of the territory,
Marmarik River basin will also be used for recreational purposes and fisheries.

Table 5: Characteristics of the reservoirs

Total volume, min.

Height of the

Reservoirs m? dam, m Area, ha Purpose of use
Aghbyurak 5.6 14.5 170 | Energy
(Akhpara)
Marmarik™ 24.0 55 250 | Irrigation, recreation,
fisheries

3 Marmarik reservoir will be put into operation in September, 2011.
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Figure 7: Aghbyurak Reservoir

The largest water source in the river basin is the group of Atarbekyan and Maqgravan springs,
which together have a discharge of 1800 I/second. Magravan springs are furnished with water
abstraction capitations and pump water into the transmission pipelines. Despite the fact that the
water captation structures concrete walls, which separate them from the river, in Aghbyurak
reservoir and Hrazdan River often due to extreme increases of water levels the river waters
confluences with the discharges of water sources.

3.7. Natural Hazards

In the territory of the river basin several there are several mudflow-prone areas, including the right
tributaries of Marmarik River (Meghradzor, Aghavnadzor and Kagavadzor), as well as several left
tributaries of Hrazdan River (before the confluence with Marmarik River). The above-mentioned
mudflows are considered of average level and the frequency of their occurrence is 3-10 years.
According to their structure mudflows are either water-filth or water-stone types.

Bank erosion is common in the upper Hrazdan River basin, whereas the spatial erosion is not
widely distributed. The bank erosion is observed during the spring inundations in the lower sections
of Marmarik River basin (Marmarik River - 12 km, and Gomur River - 4k km).

The spatial erosion is observed in the southern slopes of Pambak mountain range, as well as in
the forest-covered areas of Tshaghkunyatz mountain range, where intensive deforestation has
occurred. These forests were seriously damages by illegal felling of 1990s, which was mainly due
to economic and energy crisis and absence of centralized hearing system. According to estimates
about 180-200 ha were deforested during those years.

The landslides are not very common for the river basin. They are mainly distributed in the left bank
of Marmarik River and are weak.

Snowstorms are mainly observed in the upper sections of the Tsaghkadzor River, during the

months January-March. They cause damage to the sport-complex zone of Tsaghkadzor city (close
the ski routes, damage the forests, etc.).

3.8. Water Quality
3.8.1. Hrazdan River Water Quality

Monitoring of Hrazdan River water chemical quality has been implemented since 1986 in 6 water
quality sampling points approved by the Ministry of Nature Protection of Armenia. Within this study
the section of Hrazdan River from the river source until the Qaghsi wastewater treatment facility
have been analyzed. In that section of the river water quality monitoring is implemented in two
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sampling sites - sampling site no 51 below Geghamavan and sampling site no 52 below Qaghsi. In
the samples taken in the period 1986-2004 24 water chemical parameters were detected (see
Figures 8-11), as well as organo-leptical indicators. Sampling, conservation of samples and
measurements has been conducted according to approved procedures. In the period of 2005-2010
35-45 indicators have been detected in the samples according to ISO and EPA standards.

Peculiarities of the current conditions of river's water - According to the results of monitoring of
1986-2010 the waters of the river have low pH, and the values of pH in the upper and lower
sections of the basin are stable and close to each other. The oxygen regime of the river is in good
condition. This is due to the fact that in the observed section of Hrazdan River the self-cleaning
property of the river is rather intense.

In the sampling sites at river source and Qaghsi sampling point a slight and gradual increase of
suspended solids is observed (Figure 8). Concentrations of the same order are observed also in
Marmarik River mouth. During the recent years the increase of suspended solids in the waters of
river basin is mainly due to three factors: increase of volumes in construction, cement production
and communal-household wastewater.
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Figure 8: Changes in the average annual concentrations of suspended solids in 1986-2010
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Figure 9: Changes in average annual concentrations of mineralization, hardness, hydrocarbonate,
chloride, sulphate, magnesium, calcium, potassium and sodium ions in 1986-2010

Compared to concentrations observed in Hrazdan River source the concentrations of total
mineralization, hardness, hydrocarbonate, chloride, magnesium, potassium and sodium ions in
Qaghsi section of the basin are low and this difference is observed during the last decade. The fact
that the concentrations of the above-mentioned six indicators in the Qaghsi section of the river are
lower compared to the concentrations in the river source, as well as the synchronic tendencies,
show that the dynamics and process are contingent upon the same factor. Most likely outflow
water from Lake Sevan until 2000 has had a large share in Hrazdan River. Limitations of outflow
from Lake Sevan, employed during the last decade, have increased the portion of waters from
Marmarik River and thus have impacted the quality of water. Since the concentrations of all six
above-mentioned indicators in the waters of Marmarik are significantly less than the corresponding
concentrations in the waters of Hrazdan River source, then after the confluence the concentrations
decrease and get closer to the values of concentrations of Marmarik River. At the same time, there
is a possibility that during the last decade the hydrogeological changes occur in the entire
watershed, thus implying changes in chemical composition of river's water. The nature and scale of
these changes are still unclear. That is why special targeted studied need to be conducted.

The values of concentrations of calcium and sulphate ions (Figure 9) during 1986-2010 have
changed in the river source and Qaghsi section of the river in harmonic manner and practically
coincide. The professed absence of impact on Marmarik River waters on the concentrations of
calcium and sulphate is due to the fact, that their values in the Marmarik River mouth and the
sections of Hrazdan River being analyzed are close to each other and after the confluence no
thinning out occurs.

The changes of the average annual values of BODs, which is an index of organically easily
oxidable substances, shows that in this section an inflow of communal-household wastewater
occurs. The same picture is for the case of COD.

As seen from Figure 10 in the Qaghsi section of the river the average annual concentrations of
phosphate, nitrite, ammonium and nitrate ions since 2004 are several times higher than the
average annual concentrations of the same parameters in Hrazdan River source or at Marmarik
River mouth. Thus, it is clear that during the recent years, after the confluence with Marmarik River
in the Qaghsi section there is an inflow of communal-household, agricultural and livestock breeding
wastewater, which is colligated with intensive aeration.
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Figure 10: Changes in the average annual concentrations of BODs, COD, ammonium, nitrite, nitrate
and phosphate ions in 1986-2010

In the period 2005-2010 the concentrations of zinc and copper in the river source and Qaghsi
section area of the same order and are close to the concentrations of the same parameters

observed in Marmarik River mouth. All of them correspond to all existing norms (Figure 11).

During the recent years in Qaghsi section of Hrazdan River an increase of iron concentration is
observed, which is mostly due to the impact of water from Marmarik River, which on its turn is
contingent upon deforestation in the watershed and subsequent erosion and strong winds, as well
as significant increase of alluviums due to soil washing and intensification of inflow of communal-

household wastewater.
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Figure 11: Changes in the average annual concentrations of zinc, copper and iron in 1986-2010

General conclusions on Water Quality of Hrazdan River

e From the river source until Qaghsi section Hrazdan River's water quality mainly corresponds to
norms accepted for fisheries, industrial, irrigation and energy water uses,

e In Qaghsi section the concentration of total mineralization, anions and cations, as well as
hardness significantly decrease due to confluence with Marmarik River,

e In Qaghsi section the water quality deteriorates, which is particularly expresses through
increase of concentrations of nitrogen and phosphorous compounds, particularly during the last
5-6 years,

e During the last 5-6 years in Qaghsi section of the river an inflow from communal-household,
agricultural and livestock breeding wastewater exists, colligated with intensive aeration,

e In Qaghsi section of the Hrazdan River during the last 5-6 years another major factor of
pressure is also reduction of forest coverage, which causes increase in erosion, weathering, in
washing of soils.

3.8.2. Marmarik River Water Quality

Water quality monitoring of Marmarik River is being conducted since 1986, by the Environmental
Impact Monitoring Centre of the Ministry of Nature Protection of Armenia. There are two water
guality sampling sites (No. 57 and No. 58), one of which is upstream of the river, and the other one
near the river mouth (see Picture 6). 24 water-chemical indicators have been determined in
samples taken within the period 1986-2004 (see Table 20). Sampling, conservation of samples and
analysis has been conducted according to existing regulations. For the period 2005-2010, 35-45
water-chemical indicators have been analyzed according to ISO and EPA standards.

Peculiarities of the current condition of river's water quality - The waters of the river are
alkaline, and the values of pH in the upper and lower sections of the river are close to each other
and stable. The oxygen regime of the river is in good condition. The waters of the river have
average hardness and average mineralization.

The pollution with nitrate, nitrite, ammonium and phosphate ions, BODs, and COD has unstable
nature and low level. The impact of this group of pollutants is contingent upon anthropogenic
factors, including the use of fertilizers and inflow of agricultural and communal-household
wastewater. As seen from the figures the average annual concentrations of the above-mentioned
indicators are within the norms in the river source, whereas for ammonium ions and BODs the
corresponding norms are exceeded, which shows some anthropogenic pressure alongside the
river.

The concentrations of the metals Cu, Mn, V are stable and exceed the maximum allowable
concentrations (MACSs) for fisheries. The concentrations of Cu, Mn, V in the river source and river
mouth do not differ significantly, which shows that their concentration for Marmarik River has
background nature and is due to geochemical and hydro-geological peculiarities of the territory and
watershed.
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Pollution with the indicators of suspended solids, Zn, Fe and Al is unstable and is higher in the river
mouth than in the river source. The concentration of the above-mentioned indicators in the river is
increased in the period of snowmelt and spring inundations. From the river source until the river
mouth a slight increase and exceedence of the average annual MACs is observed. The increase of
concentration of suspended solids, observed during the recent years, is due to extension of
activities of the resort houses in Marmarik River basin, which on its turn brings to increase
construction works and increased tourism to the resort zone.
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Figure 12: Changes in the average annual concentrations in nitrite ions in 1986-2010

In the period 2005-2010 in the upper section of the river a significant reduction of the
concentrations of calcium, magnesium, potassium and sodium, chloride and sulphate ions is
observed, as well as changes in the ration calcium/magnesium are recorded. This ration was 1:1 in
1986 and has increased and now composes 2:1. These changes imply that during the last decade
certain hydrogeological changes in the watershed occur.
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Figure 13: Changes in the average annual concentrations of calcium in 1986-2010
High concentration of metals Cu, Mn, V in river's water is due to geochemical and

hydrogeological peculiarities of the watershed,
e The concentration of the suspended solids, Zn, Fe and Al in the river's water increases during

Due to anthropogenic pressures the concentration of nitrogen compounds decreases, however,
at the same time still being at rather high level,

spring inundations and as a result of construction works.

e Water quality in Marmarik River is of good order for the fisheries, communal-household, drinking
and irrigation purposes,
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3.8.3. Tsaraghbyur River Water Quality

Tsaraghbyur River water quality chemical monitoring is implemented since 2008 in two sampling
points (n 311 and no 312) approved by the Ministry of Nature Protection of Armenia. These
sampling sites are located correspondingly near the river source and river mouth. In the samples
taken during 2008-2010 45 water chemical indicators have been determined according to ISO and
EPA standards. Sampling, conservation of samples and measurements are implemented
according to the existing procedures.

Peculiarities of the current condition of river's waters - The waters of Tsaraghbyur River are
slightly alkaline. The water of river has average hardness. The oxygen regime of the river is in
good condition. This is due to the fact that the river has turbulent flow due to its fast flow and
hydromorphology, which on its turn brings to saturation with oxygen and high potential of self-
cleaning. It is relatively low during the months June-August. This is explained by two factors. First,
due to increase of temperature, the concentration of dissolved gases, including dissolved oxygen,
decreases. Second, during the low flow period as a result of anthropogenic pressure the oxygen
discharge increases of biochemical processes.

Increase in concentration of the suspended solids (Figure 14) is observed during the spring and fall
seasons, which is due to snowmelt and precipitation. In the upper and lower reaches the
concentration of suspended particles practically coincide, which tells about the absence of
anthropogenic and natural factors which would promote the increase of concentration in
suspended solids.
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Figure 14: Monthly dynamics of the suspended solids in 2008-2010

In the river mouth (sampling site no 312) the concentrations of calcium and magnesium (Figure 15)
are 3-4 times higher compared to the concentrations recorded in the river source (sampling site no
311), which is due t the geochemical composition of the given section of river. In the upper and
lower sections of the river no seasonal dependency of calcium concentration is observed. The
ration calcium/magnesium decreases in the lower section of river in winter and summer (in winter
the decrease is more, compared to summer), and in other seasons this ration is 1.2-1.5 times
higher compared to the upper reaches of the river.
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Sodium in the Charaghbjur River, 2008-2010 =3l o312
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Figure 15: Monthly dynamics of the concentration of calcium and magnesium in 2008-2010

The seasonal fluctuations of the concentrations of hydrocarbonate ion, sodium and calcium are
more significant in the lower sections of the river. Mainly due to spring snowmelt and precipitation
the concentration decreases, whereas in other periods again increase of concentration if observed,
which is due to composition of hydrogeology in that section of the river. The ratio Na/Na+Ca is
subject to seasonal fluctuations and is higher in the sampling site in river source compared to the

sampling site in the river mouth, which is due to large portion of groundwater feeding in the
sampling site near the source.

The concentrations of sulphate and chloride ions (Figure 16) in the upper sections of the river did
not undergo significant changes in the observed period. In the lower sections seasonal fluctuations
are observed, with higher concentrations in winter and summer seasons.
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Figure 16: Monthly dynamics of chloride and sulphate ions in 2008-2010

The concentration of ammonium, nitrite, nitrate and phosphate ions and organic substances
(Figure 17) increases downstream of Tsaghkadzor particularly in winter and summer seasons,
which is due to increased tourists in that region and low-flow in river. In the months March-June,
which coincide with the spring inundation period, a decrease of concentration is observed. This
might be due to sharp increase of number of tourist centres and Tsaghkadzor in recent years.
Since most of the tourist centres do not have wastewater treatment facilities, the sewerage is
directly being discharged in the river and the concentration of the above-mentioned pollutants
increases in the river particularly during the low-flow period. The second important factor is due to
increased volume of deforestation in the watershed, particularly in the middle sections of the river.

BODs in the Charaghbjur River, 2008-2010 LS o312 COD; in the Charaghbjur River, 2008-2010 w31l B312

‘,
@
3

o
=
=
@
3

Conc., mg/l
© s o
=)

—
-
)
—~—
/

o k9~
(g [
0p —

—
N
3
:‘a
—
i
Dec-1( [
Conc., mgll

32



B312

m311

CODwn in the Charaghbjur River, 2008-2010

312

w311

Nitrate Nitrogen in the Charaghbjur River, 2008-2010

m312

n3ll

Ammonia Nitrogen in the Charaghbjur River, 2008-2010

o u

/6w “ouon

312

w31l

Nitrite Nitrogen in the Charaghbjur River, 2008-2010

0312

|31l

Phosphates in the Charaghbjur River, 2008-2010

1/6w *ou0

o
=
s

/B “ou0o

0.05

Figure 17: The monthly dynamics of concentrations of nitrate nitrogen, nitrite nitrogen and

phosphate in 2008-2010

The concentrations of zinc and copper in 2008 have changed based on the season, with
characteristic increases in spring (Figure 18). Moreover, during the spring inundation periods,

when the snowmelt water is dominating in the river, in the upper reaches of the river the
concentrations of zinc and copper are higher, compared to the lower sections of the river.

Afterwards,

due to precipitation the corresponding concentrations also increase in the lower
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Iron in the Charaghbjur River, 2008-2010 =311 @312

Figure 18: The dynamics of concentrations of the element copper in 2008-2010
Several general conclusions on waters of Tsaraghbyur River

e In the lower sections of Tsaraghbyur River, including Tsaghkadzor city, the water quality during
the last three years, 2008-2010, is constantly deteriorating,

¢ In the low-flow periods the water quality in the lower sections of Tsaraghbyur River becomes of
bad or poor class,

e Water quality deteriorations is mainly due to sharp increase of concentrations of organic
pollutants of nitrogen compounds and phosphorous in Tsaghkadzor city and downstream of the
city,

e Deterioration of water quality is partially due to increase concentrations in Tsaghkadzor and
below the city,

e The oxygen regime of the river is satisfactory, which is dude to river hydromorphology,

e The moderate status of the oxygen regime of the river, as well as sharp increase of nitrogen
and organic pollutants in the river particularly during the low-flow period show a point source
pollution, indicating that the pollution is recent and its source is close to the water quality
sampling point,

e Water quality deterioration is due to pressures from the communal-household wastewater in the
territory of Tsaghkadzor city, which is increasing in recent years to sharp increase of humber of
tourists and tourist centre. Since most of these tourist centres do not have wastewater treatment
facilities, in the territory of Tsaghkadzor the sewerage, without treatment directly discharges into
the river. That is why the concentrations of organic pollutant, containing nitrogen and
phosphorous, dramatically increases, particularly during the low flow period.

3.9. Demography

The upper Hrazdan River basin includes 3 cities from Kotayq and Gegharkunik marzes of Armenia
(Hrazdan, Sevan and Tsaghkadzor) and 13 rural communities. As of January 1, 2010 the total
population in the basin has composed 99,400 people, of which 50.7% were women and 49.3%
men.

Table 6 presents the composition of urban and rural settlements of the river basin. The national
composition of the basin is unitary, with about 98.5% Armenians, and the remaining being
Russians, Greeks and other nationalities.

The natural population growth is measurable, and composes only 0.35% of the entire population.

The average density of the population is 127 people/km? and compared to other territories of the
country this river basin is considered as densely populated.
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Table 6: The population number in upper Hrazdan River basin as of 2010

Population number, people
e Community name Name of the P i - i
settlement of which
Total
men | women
Kotayg marz

1 Lernanist Lernanist 3101 1546 1557
2. Qaghsi Qaghsi 2235 1146 1122
3. Hangavan Hangavan 147 60 87
4, Artavaz Artavaz, Pyunik 1058 524 534
5. Meghradzor Meghradzor 2747 1388 1359
6. Marmarik Marmarik 862 430 432
7. Aghavnadzor Aghavnadzor 1364 684 680
8. Tsaghkadzor Tsaghkadzor 1608 785 823
9. Hrazdan Hrazdan, Kaqavadzor, 53200 26546 26654

Magravan,

Atarbekyan,

Aghbyurak

Gegharkunik marz

11 Ddmashen Ddmashen 2868 1427 1441
12 Zovaber Zovaber 1778 827 951
13 Sevan Sevan 23162 11067 12095

Gagarin
14 Tsaghkunq Tsaghkunqg 1191 581 610
15 Varser Varser 2026 1003 1023
16 Geghamavan Geghamavan 2030 995 1035

Total 99377 49009 50403

The urban population is dominant and composes 78% of the total population of the basin. Such
high proportion of urban population is related to industrialization of Hrazdan city. Currently about
21% of population able to work in Hrazdan city is unemployed, since many industrial enterprises
are inoperational.

Pensioners compose about 19% of the entire population of the basin.

It is expected that the population will not increase in the basin in the near future taking into
consideration the following factors: socio-economic condition of basin's population; high rate of
emigration and loss of young and qualified work force; measurable natural growth of the recent
years; and global financial-economic crisis. At the same time, due to that fact that most of the
industrial enterprises in the basin are inoperation, it is expected that due to internal migration
people will move from previous industrial, urban settlements into the rural settlements.

3.10. Economy
3.10.1. Industry

Industry is one of the most important branches of economy in the river basin.

During the recent years the economy of the pilot river basin has undergone significant structural
changes, the machinery and equipment production sectors have declined, whereas the food
production, tourism and other industries have increase their weighted share in the industry of the
basin.

In the basin there are numerous organizations involved in energy sector, machinery, construction,
food production, mining and other production activities.
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Currently in the river basin there are over 40 industrial enterprises, over 95% of which are private.
The main industrial branches of the river basin are energy production, construction materials, food
production, light industry, mining, resort services and service sectors.

Hrazdan city is considered as major industrial centre.

As of 2010 there are several large industrial enterprises operating in the upper Hrazdan River basin,
including the "ArmRusGasProm" CJSC Hrazdan Thermal Power Plan, "Mika" Cement Factory,
Meghradzor gold mine, and bottling of water by "Tezh-Sar" resort house complex (Table 7).

Among the food production industry the main actors are bread and dairy production, which have
local significance. The private enterprises acting in the industry sector have small-scale production,
which can not have significant impact on the production volumes and on industrial water use.

Table 7: Characteristics of the Industrial Enterprises in Pilot River Basin

Name of the enterprise Branch of industry Type of production Volume
"Aradz" LLC Meghradzor gold mine Mining Gold ore -
"Mika Cement" CJSC Construction materials | Cement 300000 ton
"Tezh Sar" resort house complex - bottling of | Food production Production of
water mineral waters
"HarRusGasProm" CJSC, Hrazdan Thermal | Energy production Electricity 1110 kWt hour
Power Station
"Energatzantzshin" JSC, small HPP Energy production Electricity 4200000 kWt hour
"Tezh Waterfall' LLC small HPP Energy production Electricity 6300000 kWt hour
Hangavan-1, HPP Energy production Electricity 2710000 kWt hour

3.10.2. Agriculture

Livestock breeding is one of the branches of agricultural in the pilot river basin. During the last 15
years the number of cattle heads has gradually decreased in the basin. This is mainly due to the
fact that there are difficulties in terms of selling the output of the animal husbandry, which are
contingent upon population migration and reduction, low level of population's purchasing ability,
low percentage of artificial fecundation of livestock, deteriorated condition of the cattle-sheds and
others.

Table 8 presents the livestock breeding branches in the pilot river basin according to communities
and types (cattle, pigs, horses and poultry), including the livestock number.

Table below presents data only about the livestock number possessed by the population in the
communities. As seen from table 8 in the pilot river basin mainly cattle, prigs, sheep, goats, horses
and poultry are bred. The number of pigs is very few, since during the recent years their number
has dramatically decreased due to epidemics.

Table 8: Livestock number in pilot river basin as of 2010, heads

Communities | Cattle | Pigs | Sheep,goat | Horses | Poultry

Kotayg marz

Hrazdan 3051 466 2116 25 8597
Tsaghkadzor 32 3 - - 50
Aghavnadzor 391 22 346 10 348
Artavaz 267 16 168 7 473
Lernanist 840 23 1687 5 847
Hangavan 110 5 - - 115
Marmarik 359 11 503 8 806
Meghradzor 882 83 1335 6 2143
Jrarat 174 41 - - 530
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Communities Cattle Pigs Sheep, goat Horses Poultry
Qaghsi 466 23 985 7 882
Gegharkunik marz
Sevan 2300 226 3191 16 4576
Geghamavan 903 18 941 3 764
Tsaghkunq 980 14 1932 5 1573
Ddmashen 1398 25 2396 9 2417
Varser 1469 13 1820 4 1692
Zovaber 1012 22 1626 6 1441

Livestock is mainly fed by pasture food. Their productivity is low due to the fact that the food quality
is slow, the sown areas which service as fodder for them has reduced, and the previously existing

system of mixed fodder supply does not operate any more.

Several small livestock breeding farms operate in the basin, each of which has 50-100 cattle.
These farms of located in Hangavan, Meghradzor, Hrazdan and other settlements.

Poultry breeding - In the pilot river basin the communities posses about 27,300 poultry. In
addition to this, there is only one poultry-breeding farm in Gagarin, where the number of poultry is

20,000.

Crop production- From the crop-production agriculture the following is common for the basin:
grains, potatoes, small quantity vegetables (cabbage) and forage crops. From perennial

plantations the following fruits: drupaceous and nuciferous.
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4. ANALYSIS OF NATURAL RESOURCES USE
4.1. Landscapes

Parallel to development of economic activities in the pilot river basin the landscapes of the basin
have been significantly impacted. The vegetation in the alpine and sub-alpine high mountainous
meadows, as a rule are reduced and degraded. Some of the reasons for degradation of vegetation
cover in the meadows include the following: improper grazing in pastures, unregulated roads made
and opened by the drivers, absence of passes for livestock, unregulated collection of some
volatile-oil-bearing plants, edible plants, medicinal herbs and field flowers by population. In addition
to this in recent year the population also fires the pastures. As a result of firing pastures the root
part of the grass cover of pastures is weakened, several rare plants are disappearing, the soil
surface is denudates, which becomes a reason for activation of erosion processes. During the
recent years fires have become common in sub-alpine and alpine zones of Pambak mountain
range. That is why a decent attention shall be paid to the issues of protection of landscapes.

In the pilot river basin forests are being used for timber collection, cultural, sporting, resorts and
recreational purposes. Forests are used by local population for their needs, including timber, forest
fruits and berries, mushroom and other. In the forests close to the settlements also cattle-grazing
takes place, which is having a negative impact on the regeneration of forests due to destruction of
saplings, seeds and others.

Due to energy crisis of 1990s in the territory of Armenia, including the pilot area, forests were
illegally felled and a significant damage was caused to forests. In the pilot river basin deforested
areas include territories close to the settlements Hangavan, Meghradzor, Tsaghkadzor,
Aghavnadzor, Hrazdan and other settlements, as well as territories close to river basins and forest
paths.

The most significant anthropogenic impact due economic activities in pilot river basin is observed
in the steppe landscapes, since the settlements, industrial enterprises, agricultural lands and other
economic objects are located in this zone.

Detailed description of the use of this zone is presented below.

4.2. Land Use

The land reserves in the pilot river basin compose approximately 78,000 ha, 65% of which are
agricultural lands, 9.3% are forests, 3% bushes, and 23% other lands.

The main role in land use in the basin belongs to pastures, plough-lands and arable lands, which
are located in the steppe landscapes of middle and lower reaches of Marmarik River, as well as
bank territories of the upper reaches of Hrazdan River.

About 13% of the total agricultural lands of the basin are pastures, which are located at the altitude
of 1700-2000 m, 19% are plough-lands, and 0.5% gardens.

Thanks to plenty precipitations (annual 600-650 mm) the irrigated lands occupy a small territory in

the basin, only about 4.1% of the total area of agricultural lands. Of this, 89% are pastures. Table 9
presents the use of agricultural lands of upper Hrazdan River basin, according to communities.
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Table 9: Land Use in the Pilot River Basin, ha

Natural grazelands
Arable land . Adjacent to Far from
Name of the community pFI)aer:'?ar':irgﬁls settlements settlements
irrigated fardn?i,ng grassland | pasture | grassland | pasture
1.Lernanist homestead land 58.0 11.0 20.0 - - - -
total 624.9 778.3 20.0 356.6 1312.0 | 60.0 150.0
2. Qaghsi homestead land 37.0 13.0 33.0 - - - -
total 191.1 815.9 64.0 458.0 585.0 100.0 265.0
3. Hrazdan homestead land 31.0 8.0 26.0 - - - -
total 193.6 1453.4 | 32.9 607.0 269.0 67.0 130.0
4. Tsaghkadzor | homestead land - 12.0 8.0 - - - -
total - 12.0 8.0 - - - -
5. Jrarat homestead land 35.0 35.0 55.0 - - - -
total 803.3 583.7 105.0 503.0 566.0 - -
6. Hangavan homestead land 10.0 17.0 15.0 - - - -
total 18.9 393.8 18.0 743.0 2196.0 | - 30.0
7. Artavaz homestead land 60.0 16.0 - - - - -
total 430.3 877.9 - 55.0 397.0 150.0 250.0
8. Meghradzor homestead land 73.0 12.0 6.0 - - - -
total 295.8 134.5 6.0 740.0 1009.0 | - 345.0
9. Marmarik homestead land 32.0 3.0 1.0 - - - -
total 69.5 112.7 5.8 108.0 350.0 -
10. homestead land 42.0 6.0 2.0 - - - -
Aghavnadzor total 165.0 108.1 2.0 140.0 350.0 - -
11. Zovaber homestead land 38.0 17.6 - - - - -
total 180.0 398.6 - 90.0 572.0 251.0 53.0
12. Ddmashen homestead land 60.0 20.0 - - - - -
total 140.0 849.0 - 607.0 1028.0 | - 281.0
13. Tsaghkunq homestead land 40.0 2.2 - - - - -
total 123.2 796.0 - 607.0 1240.0 | - -
14. homestead land 30.0 36.0 - - - - -
Geghamavan total 95.5 792.6 - 157.0 708.0 89.0 28.0
15. Varser homestead land 21.0 61.0 - - - - -
total 188.3 1382.7 | - 318.0 900.0 39.0 260.0
16. Sevan, city homestead land - -
total - 120
total homestead land 567 296.8 166.0 - - - -
Total 3519.4 | 9489.2 | 261.7 5489.6 11482.0 | 756.0 1792.0

4.3. Water Supply and Water Use

In the pilot river basin the water is mainly used for the drinking-household, industrial and irrigation
purposes. Also the potential of the water for energy production is being used through hydropower
stations.

For drinking-communal purposes the water is being supplied by the Armenian Water Supply and
Sewerage Company (AWSC) CJSC. Particularly the North-eastern branch of AWSC supplies
drinking water to the cities Hrazdan and Tsaghakdzor of Kotayq marz, as well as settlements
Qaghsi, Lernanist, Jrarat, Aghavnadzor, Meghradzor, Artavaz and Marmarik. In Gegharkunik marz
the company supplies water to city Sevan, as well as settlements Geghamavan, Tsaghkung,
Ddmashen, Varser and Zovaber. According to the decision no 71-N of February 27, 2009 of the
Public Service Regulatory Commission of the Republic of Armenia tariff for drinking water supply is
set 154.47 AMD/m?®, for water discharge 25.31 AMD/m?®, and the wholesale tariff for drinking water
supply is 51.49 AMD/m?.

Table 10 below presents information on water users of the upper Hrazdan River basin. As seen

from the table, annually for drinking-communal purposes about 43.3 million m® of water is being
used, for industrial purposes about 12.2 million m*® of water is being used, and for irrigation
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purposes annually about 2.5 million m® of water is being used. The major share of water use for
drinking-communal purposes belongs to drinking water supply to Hrazdan city, and for water use
for industrial purposes - Hrazdan Thermal Power Plant.

Interestingly, a group of small rural communities in Marmarik River basin takes drinking water from
surface source (river), which is being supplied after treatment by the Ulashik water treatment
facility. Such cases are very rare in Armenia.

Table 10: Water Use in the Pilot River Basin, min. m®

Qualitative _Point of
Water source Volume discharge of
Name of water user property of the (natural sprin Water of the wastewater
(city, community, water used dwat pring, abstraction t t
industrial enterprises) (drinking, groundwater source, volume return (wa er
technical ) surface) waters accepting
object)
1. Drinking-household-communal water users
1.1Hrazdan city Drinking- Groundwater 30.910 9.670 Hrazdan River
communal (Magravan
groundwater source)
1.2 Tsaghkadzor city Drinking- Groundwater 4.005 1.001 Hrazdan River
economic (Magravan
groundwater source)
1.3 Sevan city- Drinking- Groundwater natural | 7.740 4.080 Hrazdan River
neighbouring economic springs
communities
1.4 Group of rural Drinking- Marmarik River 1.890
communities economic (Ulashik water
(5 villages) treatment facility)
1.5 Other communities | Drinking- Natural springs 0.795 0.159 Sewerage
(villages, resort economic collector
houses)
43.340 14.910
2. Industrial and production water users
2.1 Electricity (Hrazdan | Industrial, Marmarik River, 8.370 2.462 Hrazdan
thermal power station) | drinking groundwater 0.470 0.263 River,
0.470 Marmarik
River, urban
sewerage
collector
2.2 Cement factory Technical Marmarik River 2.411 1.690 Marmarik
("Mika") 0.045 River,
sewerage
collector
2.3 Industrial (gold Technical Tributary of 0.286 0.280 Marmarik
mine) Marmarik River 0.200 River,
2.4 Construction Technical 0.676 0.037 sewerage
("ArmRusGasProm") Marmarik River 12.213 5.447 collector
3. Hydroenergy Surface (river) Marmarik River 50.890 5.0890 Marmarik
(SHPP)
3. Irrigation water users
All communities, city Irrigation Hrazdan and 1.64* - -
Hrazdan, city Marmarik Rivers 0.95 - -

Tsaghkadzor

*lllegal water use

Ulashik water treatment facility, which belongs to AWSC CJSC, is located in the middle sections of
Ulashik tributary of Marmarik River, at the altitude of 1950 m above the sea level. It is constructed
in 1980s. The capacity of the facility is 60 litre/second. To pipelines with diameters of 50 mm and
400 mm come out of the station. The pipeline with 50 mm diameter provides water to Hangavan
settlement through pump. However, currently the pump is inoperational, thus Hangavan settlement
does not receive drinking water from that source. The 400 mm pipeline supplies gravity water to
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the settlements Artavaz, Marmarik, Megharadzor and Aghavnadzor. In the upper reaches of
Ulashik River the previously existing fence of the sanitary protection zone is entirely stolen. Thus,
the livestock has an easy access to the sanitary protection zone and pollutes the territory.

The main existing problems related to the treatment facility include the following: absence of the
sanitary protection zone, inadequate treatment of water due to degraded and outdated equipment.
In case of renovation and provision of new equipment, the water treatment facility will have a
possibility to supply water with a capacity 100 litre/second.

Cities Hrazdan and Tsaghkadzor, as well as settlements Jrarat, Lernanist and Qaghsi are fed from
the Magravan water source, which has a discharge of 1800 litre/second. Annually, about 35-40
million m® water is being pumped to the above-mentioned settlements. The Magravan springs do
not have any protection structures. There are cases, when during the maximum flow Hrazdan
River's water is mixed with the waters of Maqaravan springs. The waters of river deteriorate the
quality of the spring waters and pose danger to human health.

From the settlements of Gegharkunik marz city Sevan received drinking water from Lchashen deep
well and Dzknaget springs (together about 8 million m® per year), the settlements Varser and
Geghamavan receive water from Dzknaget and Hatzarat springs, and the settlements Tsaghkung,
Ddmashen and Zovaber receive water from local groundwater sources. The drinking water supply
network of the above mentioned communities has about 40% water loss due to the fact that it is
outdated, degradation and needs renovation.

In the pilot river basin the return water from the drinking water supply annually compose about 14.9
million m® (34.4% of the water flow), and from industrial water supply the annual volume of return
waters compose 5.4 million m* (about 44.3 % of the water flow). Thus, the total return water from
the sectors compose 20.3 million m® (about of the water flow 36.6%).

In the pilot river basin the water discharge pipeline start from Sevan city and through a pipeline
with a diameter of 1000 mm passes through Tsaghkung, Ddmashen, Zovaber and Jrarat
communities. The pipeline reaches Hrazdan city, where it is joined with the 400 mm diameter
pipeline of Hangavan-Hrazdan system. The water discharge pipeline in Hrazdan city continues with
two pipeline collectors of 1000 mm diameter, which reach Qaghsi wastewater treatment facility.
Currently the water discharge network is outdated, needs renovation and the network. Thus, in
many sections the network is damaged, and as a result the industrial and communal wastewaters
directly flow into the river, polluting the environment and degrading the quality of the lake. Due to
damages in the sewerage pipeline after Hrazdan city and before Aghbyurak reservoir the
wastewater from the entire basin flow into the river and do not reach the Qagshi wastewater
treatment facility. It is interesting that the rivers act as the main receiving body of most of the return
waters.

The water supply and discharge network for the urban settlements (Table 11) is also outdated and
degrade, and over 50% of the network needs renovation (Table 11).

Table 11: Characteristics of the Urban Water Supply and Water Discharge Network in the Pilot River
Basin

Sewerage network
Settlements Internal networks of sewerage Sewerage collector
Length (km) Number of o_bservatlon wells Length (km) Number of o_bservatlon wells
(pieces) (pieces)
City Hrazdan 352.5 2272 7.5 90
City Tsaghkadzor 452 26 31.9 93
City Sevan 66 1466 25 440
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Single-line length, km
h ; Original capacity Wastewater
of the rom . . -
of the ) of inter-district, of the treatment discharges,
Settlements main se;verage which inter-yard facilitiesé thousand total
collector | 2nd street need networks m*/day
network renovation
City Sevan 25.0 66.0 32.3 8.0 - 242.1
City Hrazdan 7.5 352.5 46.1 6.0 64.0 1079.1
City Tsaghkadzor 31.9 4.5 3.0 1.0 - 254.7

Figure 19: Water loss From

IR

Degrded Pipelines N

For hydropower production purposes in the pilot river basin the following companies operate:
"Tezh Waterfall", "Energatzantzshin" and "Hangavan 1" small HPPs, which together annually
abstract 50.9 million m® of water. In addition to this, using the waters of the Sevan-Hrazdan
derivation regulatory canal Sevan and Atarbekyan HPPs operate (Table 12).

Table 12: Summary Characteristics of the Water Used for Hydro-energy Purposes in the Pilot River

Basin
Water Quantity of Location of Annual
Object holding . abstraction annual discharge of
water use permit e O EEy sources and abstraction, V\(/qutﬁwater wastewater,
location m® Ischarge m®
"Energatzantzshin”| Hrazdan city of | Surface, 29,980,000 | Marmarik River 29,980,000
JSC, small HPP Kotayq marz Marmarik River
"Tezh Waterfall" | Meghradzor Surface, Tezh 10,910,000 | Tezh tributary of 10,910,000
LTD, small HPP | village of tributary of Meghradzor
Kotayg marz Meghradzor River
River
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Object holding A ab\s/'\[/r?;?on Ql;i%t:gl o oz o) (O disﬁﬂgfgﬂ of
.. | Place of activity . wastewater
water use permit sources and abstraction, di wastewater,
location m’ BETEGE m®
"Hangavan 1" Hangavan Surface, 10,000,000 | Surface, 10,000,000
small HPP village of Miskhana Miskhana
Kotayq marz tributary of tributary of
Marmarik River Marmarik River
Sevan HPP City Sevan of Sevan-Hrazdan 150.000.000 | Sevan-Hrazdan | Sevan-
Gegharkunik derivation derivation Hrazdan
marz regulatory regulatory derivation
channel channel regulatory
channel
Atarbekyan HPP | City Hrazdan of | Sevan-Hrazdan 150.000.000 | Sevan-Hrazdan | Sevan-
Kotayq marz derivation derivation Hrazdan
regulatory regulatory derivation
channel channel regulatory
channel

"Tezh Waterfall" small HPP operates since 2007. It uses the free flow and produces electricity. The
annual production volume is 4-5 million kWatt hour electricity. Annually 10,910,000 m® of water is
being abstracted by the HPP, which is distributed evenly throughout the year.

"Energatzantzshin" JSC operates the "Narek" small HPP, which operates since 2002. The small
HPP uses the free flow and produces electricity. It has been constructed on the water pipeline of
the "Mika Cement" JSC. The small HPP operates on a seasonal basin, during the months March-
July and October-November. The average monthly production volume of electricity composes
143,000 kWatt hours.

It is expected, that "Hangavan" small HPP will start its operation in 2011. According to the technical
design and characteristics, which are included in the water use permit conditions, the total annual
volume of electricity production will compose 2,710,000 kWatt hours.

All small HPPs sell electricity at the price of 19.95 AMD/kWatt hours.

For irrigation purposes in the pilot river basin "Sevan-Hrazdan Jrar (water intake)" CJSC sells
water to "Hrazdan Jur" Water Users Association (WUA). "Hrazdan Jur" WUA service communities,
the total area of which composes 9210 ha. The total irrigated area in the upper Hrazdan River
basin composes 3782 ha, of which homestead gardens 563 ha and irrigated arable lands - 2957
ha. The communities of Marmarik River basin do not use the services of "Hrazdan Jur" WUA and
use water illegally. As for the communities Varser, Zovaber, Ddmashen, Geghamavan and
Tsaghkung, they use self-supplied irrigation water. Thus, the actual service area of "Hrazdan Jur"
WUA composes 1652 ha.

About 1.64 million m® of water is being used for irrigation purposes in the territory, including water
loss. Together with the permitted abstraction for irrigation purposes for other communities (950
thousand m?) the total abstraction composes 2.59 million m; (1.64+0.95), from which no return
water is expected (though according to calculations it could have compose about 20% of the water
abstraction or about 0.5 million m®).

"Hrazdan Jur® WUA purchases water from "Sevan-Hrazdan Jrar" CJSC at the price of 1.01
AMD/m?®. The total amount of water purchased is 5.2 million m® per year. Of this, annually only 3
million m® are actually delivered to consumers, which means that the annual water loss composes
42%.

Currently, the Marmarik River basin is not included in the service area of "Hrazdan Jur" WUA,

since the population in these rural communities has refused to be included in the service area of
the WUA.
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There are several reasons for such attitude. First, due to improper compliance assurance activities
in the basin the rural communities are able to use irrigation water illegally, and thus, not make any
payment for the water they use. Secondly, public awareness on the advantages of joining WUA is
still low and the main benefits are not properly communicated to the residents of Marmarik basin.
Thirdly, "Hrazdan Jur® WUA itself is still a weak organization, is heavily dependent on state budget
subsidies and it will take some time until the financial sustainability issues are solved.

Naturally, no proper metering of water used takes place. They illegally take water from the water
pipeline of Hrazdan Cement Factory, mainly during summer seasons, which is technical water,
taken for cooling and other technical purposes. Since there is no proper organization responsible
for O&M of the irrigation system in Marmarik River basin, naturally the irrigation infrastructure is
deteriorated, water losses are huge and water is not being used rationally. In addition, in case of
high leakages and outbreaks, the repairs are being done chaotically and not in systematized
manner. Eventually, according to some estimates the residents of the basin end up spending
almost the same amount for water use, as they would if they joined the "Hrazdan WUA".
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Figure 20: Water Use and Water Supply Service Areas

The following crops are produced in the irrigated areas of the pilot river basin: potato (45%),
vegetable (28%), grain (20%), and gardens (7%).

For recreational purposes part of the resort houses in Hrazdan, Marmarik and Tsaghkadzor use
self-supplied water instead of using the services of the AWSC. Currently 8 resort houses have
drinking water use permits.

The total volume of the annual water abstraction in the pilot river basin without water abstraction
for HPPs composes 58.1 million m? (55.5+2.6), and the annual volume of return waters is 20.8
million m® (20.3+0.5), which composes 35.8% of the total water abstraction. And if we take into
consideration the accepted norm, according to which the return waters usually compose 75% of
the total water abstraction, then in the pilot river basin the annual volume of return waters will
compose 43.5 million m®.
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5. DIAGNOSTIC ANALYSIS
5.1. Water Quality

From the characterization and assessment of the water quality in pilot river basin it is clear that
Hrazdan River:

e Mainly corresponds to the accepter norms for fisheries, industrial, irrigation and energetic water
uses, The concentrations of total mineralization, anions and cations, as well as hardness are
significantly decreased after the confluence with Marmarik River,

e Water quality is deteriorating, and this is particularly due to increase of concentration in nitrogen
and phosphorous compounds in the water, particularly during the last 5-6 years,

e During the last 5-6 years an inflow of wastewater from communal-household, agricultural and
livestock breeding sectors exists, which in parallel passes intensive aeration,

e During the last 5-6 years among the main factors of pressure also include the reduction of forest
cover, which is contingent upon increased erosion, windstorms and soil washing.

The correlation of problems and risks identified in the analysis of Hrazdan River basin is presented
in Table 13 below together with the interlinkage with the water use functions.

Table 13: The mutual linkage of the characteristics problems in the Hrazdan watershed (until the
settlement Qaghsi) and the water use purpose functions

Water scarcity, seasonal
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Mudflows and flooding P P risk
Strong wind P )
Generatlon and collection of p risk
sediments
Salinization P P risk
Reduction of forest cover P )
Pollution with organic = = 1
substances
Pollution with nitrogen and = = = risk
phosphorous substances
Eutrophication P P P P risk
P Existence of problem or risk
I Frioriy problems
These problems might become acute, particularly parallel to development
) of economy, if no preventive measures are taken on time.

Marmarik River

e For the use for fisheries, communal-household, drinking and irrigation purposes the water
guality of Marmarik River is of good or excellent order,

e Marmarik River's waters are high quality water resources for the purposes of fisheries, drinking
water and irrigation water,

e The concentration of nitrogen compounds is decreasing due to anthropogenic pressures, but
however, continues to be rather high.
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The correlation of problems and risks identified in the analysis of Marmarik River basin is
presented in Table 14 below together with the interlinkage with the water use functions.

Table 14: Mutual linkage between the water use purpose functions and characteristic problems in
Marmarik watershed

Problems *

Public health and socio-
economic condition
Natural functioning of
ecosystem
Fishing and small-scale
fisheries
Drinking and household
water
Irrigation
Industry
Hydroenergy
Trends in the upcoming
years

U | © |T| ©| Tourism and recreation

Water scarcity, seasonal “ = “ = n 1
Mudflows and flooding P P risk
Strong wind p p p p 1
Generation and collection of = = = risk
sediments

Salinization P P P P risk
Reduction of forest cover | IETNIENENGNEE Bl - 0
Pollution with organic = = = = = 4
substances

Pollution with nitrogen and = = = = = = risk
phosphorous substances

Eutrophication P P P P P P risk
P Existence of problems or risk

BN Frioy problems

These problems might become acute, particularly parallel to development
) of economy, if no preventive measures are taken on time.

Tsaraghbyur River

e The results obtained show that for the purposes of fisheries, communal-household, drinking and
irrigation use the water quality in the upper and middle sections of Tsaraghbyur River is of good
or excellent order. In the lower sections, in Tsaghkadzor city and downstream of city the river's
water is subject to very large pressure from communal-household wastewater, which increases
every year. In the territory of Tsaghkadzor city the river's water are subject to intensive pollution
with nutrients, and as a result of which in the downstream sections the water quality poor or
bad,

¢ In the entire basin an inflow of nitrogen, phosphorous and organic compounds into the rivers is
observed through direct inflow or through diffused wasters.

Generalization of the current problems

e Limit such water use, that might increase the concentration of nitrogen compounds in the
composition of the river's water,

e Construct and employ a wastewater treatment facility and renovate the sewerage collectors,

e Implement corresponding measures in the entire watershed to limit the inflow of nitrogen
compounds into the rivers waters through direct inflow and through inflow from diffused sources,

e Establish a sewerage collector in Tsaghkadzor city and general wastewater treatment station or
local wastewater treatment stations to tourist complexes, which will significantly reduce the
concentration of nitrogen, phosphorous and organic compounds in river's waters.

The correlation of problems and risks identified in the analysis of Tsaraghbyur River basin is
presented in Table 15 below together with the interlinkage with the water use functions.
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Table 15: Mutual linkage between the water use purpose functions and characteristic problems in
Tsaraghbyur watershed

Problems*

Natural functioning of
ecosystem
Industry
Hydroenergy

Drinking and household
water
Irrigation
Trends in the upcoming
years

Public health and socio-
economic condition
Fishing and small-scale
fisheries

=
[
=~

Water scarcity, seasonal

Mudflows and flooding risk

Strong wind

avBEavERvIiel Tourism and recreation

T | 0| 0T
T | 0| 0T

Generation and collection
of sediments

Salinization

UI

Reduction of forest cover

Pollution with organic
substances

Pollution with nitrogen and
phosphorous substances

Eutrophhication

Pollution with poisonous
substances, metals and
poisonous chemicals

P Existence of problems or risk

I Frioy problems

These problems might become acute, particularly parallel to development of
) economy, if no preventive measures are taken on time.

5.2. Water Quantity

The annual river flow in the pilot river basin composes about 243 million m?, of which the total
annual water abstraction composes 58 million m®. Most of the river flow is occurring during the
spring period. After exploitation of Marmarik reservoir the water deficit will reduce. However, there
are still issues related to water quantity in the basin, including the following:

e There is a water scarcity during the low-flow summer season,

e Inthe irrigation system the water loss is huge and composes 45-60%,

e Hydro-energy resources of the basin are used insufficiently,

e The quality of service provision for drinking water is still low,

e Taking into consideration that on an annual basis there is excess water in the basin, there is a
need to regulate the river flow,

e According to forecasts of climate change specialists, it is expected that the river flow in the river
basin will decline by 5-24% in the period 2030-2100, which will make the issues related to water
suppliers and water users more acute.

The priorities for solving the existing problems include the following:

e Regulation of river flow, including reservoir construction,

e Protection and efficient use of water resources,

e Protection and efficient use of drinking and mineral waters,

« Establishment of wastewater treatment facilities in the river basin,

e Construction of wastewater treatment stations in the large communities,

« Construction of local wastewater treatment facilities in the hotels and resort houses.
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5.3. Erosion Processes

In the pilot river basin two types of erosion processes are observed - spatial and linear. Each year,
particularly during the spring inundations, in Hrazdan and Marmarik Rivers bank erosion is
observed. The bank erosion is very well reflected in the lower reaches of Marmarik and Gomur
Rivers. As a result of erosion and flooding the Hrazdan River in Jrarat and Hrazdan communities,
as well as Marmarik River, in the lower sections (Meghradzor and Aghavnadzor communities),
cause significant damages to agricultural lands. The rivers destroy the banks and expand the river
beds at the expense of the adjacent agricultural lands. In case of implementing bank-protection
measures it will be possible to avoid erosion. This can be done through establishment of forest
buffer-protective zone on the banks of the rivers, as well as construction of concrete walls in the
bank.

Erosion processes are also observed in the deforested areas and in the clearings. Here in the high
incline topographies one can observe well-reflected linear erosion during precipitations. Similar
occurrences are observed in the high mountainous alpine and sub-alpine zones. As a result of
improper grazing practices, fires (due to which the surface vegetation if destroyed) and irregular
field roads the erosion processes are activated and intensified. In the upper Hrazdan pilot river
basin the erosion processes are distributed in Pambak mountainous range, upper sections of
Marmarik River basin, Ulashik and Gomur River basins, as well as in the upper zones of
Taghkung, Ddmashen and Zovaber communities. It will be possible to prevent erosion only through
planned tending a herd, increased ecological education level among population, prohibition of
irregular and illegal roads and other anti-erosion measures.

5.4. Deforestation

According to our studies and evaluation, in the territory of the pilot river basin about 180-200 ha of
forests have been cut. The illegal forest felling continues even nowadays, but at a lesser scale. In
addition to illegal felling, the forest cover is nowadays reduced as a result of extension of hotel
complexes and restaurants (in Tsaghkadzor and Marmarik River basins).

Forests have a big role in regulation of water resources. Forests have a property of absorbing
humidity. Reduction of forests violated the biodiversity of the forests, which has a negative impact
on water ecosystem as well. In the forested territories near the settlements (Meghradzor, Artavaz,
Aghavnadzor, Hangavan) the anthropogenic impact of forests, illegal seizure of land areas, illegal
forest cuts, illegal tending herd, pollution and damages to forest ecosystems and other activities
are observed. As a result of such negative factors and activities the forest ecosystems are
degraded. In addition to the above-mentioned negative factors, the climate changes specialists
envisage 8-10% reduction of forest cover by 2100 as a result of global climate change, as well as
shifting the upper zone of forests by 150-200 meters, at the expense of sub-alpine meadows. For
grazing lands it is envisaged that the climate change will cause a 4-10% reduction of the total area
and vyield, including 19-22% reduction of the most valuable and high productivity pastures in the
alpine and sub-alpine zones, as well as 7-10% reduction of yields of mountainous plough lands. In
this regards a reduction of livestock number is expected by about 30%, as well as reduction of the
output of livestock breeding by 28-33%.

For protection and efficient use of forest biodiversity and ecosystems it is necessary to implement
the following:

e Prevent degradation of forest ecosystems which are damaged by the impact of negative factors,
restore the forest resources in the previously forest-covered areas which are currently logged or
deforested by some other reason, increase productivity of forests, and provide for protection of
forest biodiversity, natural regeneration and extension of forest-covered territories,
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e Implement payment for ecosystems scheme for use of biological resources of forests. Use of
possibility to get benefit from forests, forest resources and natural useful properties of the forest
lands.

5.5. Land Degradation

In the pilot river based as a result of reduction of forest cover the erosion and weathering have
significantly increased, as a result of which soil layers are being degraded.

As we have already observed in section 5.3 due to improper cattle grazing practices, fires, irregular
field roads erosion occurs, as a result of which a degradation of land in the form of weathering
occurs.

As a result of improper land use it is impossible to avoid land degradation, which is expressed by
washing of soil layer during irrigation of arable lands and others.

In the pilot river basins in many land areas one can observe large piles of municipal and industrial
waste, which impact the products of land and prevent them from being ecologically clean.

Measures to prevent soil degradation include:
¢ Replacement of soil-processing practices and technologies with the ones of low risk to the
extent possible,

e Establishment of a forest protection layers in the agricultural land zones of the watersheds,
e Establishment of a system for reduction and prevention of strong winds.
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6. LEGAL FRAMEWORK FOR APPLICATION OF ECONOMIC
INSTRUMENTS

6.1. Legislative Framework

The nature protection legislation is a system of normative legal acts, which regulate the public
relations in the context of inter-relationship between the public and environment.

The environmental legislation includes normative legal acts on protection of fauna, flora, water
resources, soils, underground resources, atmospheric air, on conducting environmental impact
assessment, as well as other normative legal provisions and requirements.

These requirements are fixed in certain articles of the Constitution of the Republic of Armenia,
codes, corresponding laws, Government of Armenia resolutions and other regulatory acts.

In the field of nature protection Armenia's policy is mainly formed taking into consideration the
obligations according to international agreements. Thus, regulation of nature protection in Armenia
started its formation in 1991, and as of today in total more than 30 codes and laws has been
adopted together with corresponding by-laws and regulations, aimed to ensure the smooth
implementation of the codes and laws. Parallel to development of the country's economy certain
directions of environmental policy and environmental legal acts, which did not ensure the
protection and sustainable use and management of natural resources as a result of economic
activities, were subject to corresponding revisions. Particularly after 2000 six new codes and laws,
adopted after 1990s were correspondingly revised.

This section analyzes the application of economic instruments in the field of environmental and
water resources protection in Armenia.

The main laws regulating the natural resources, water norms and water relations are the following:

o Republic of Armenia “Water Code”, adopted by the RA National Assembly on June 4, 2002 and
ratified by RA President on July 1, 2001;

o Republic of Armenia law “On Fundamental Provisions on the National Water Policy of the
Republic of Armenia” adopted by RA National Assembly on May 3, 2005 and ratified by RA
President on June 2, 2005;

¢ Republic of Armenia law “On National Water Program” adopted on November 27, 2006;
Republic of Armenia law “On Lake Sevan”, adopted on May 15, 2001 and ratified by RA
President on June 14, 2011.

The following legal acts contain legal provisions on ecosystems and water sector:

RA Land Code (adopted on June 2, 2001);

Republic of Armenia law "On Underground" (adopted on November 06, 2002);

RA Forest Code (adopted on October 24, 2005);

RA law "On Flora" (adopted on November 23, 1999);

RA law "On Environmental Inspectorate” (adopted on April 11, 2005);

RA law "On Nature Protection and Nature Use Fees" (adopted on December 28, 1998);

RA law "On Rates of Nature Protection Fees" (adopted on December 20, 2006);

RA law "On Defining Discount Rates for Drinking Water Supply, Discharge, Wastewater
Treatment and Irrigation Water Supply Services" (adopted on November 06, 2002) subsequent
revision and amendment (adopted on October 22, 2003);

¢ RA law "On Environmental Impact Expertise" (adopted on November 20, 1995);

RA law “On Specially Protected Nature Areas” (adopted on November 27, 2006);
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o RA law "On Approval of Tariffs for Compensation of Damage Caused to Flora and Fauna as a
result of environmental Violations" (May 3, 2005).

The main legal act governing the water sector is the Water Code, and the other laws and by-laws
are mainly implied from the Water Code. The Armenian Water Code includes almost all the issues
regulating the legal norms and legal framework of water sector.

The Water Code provides opportunity for development of mechanisms and proposals on
introduction of PES schemes in the context of integrated water resources management. The
provisions of the Code provide a possibility to develop a legal framework for application of the
PES. Ecosystem services can be valued through existing valuation methods in the country,
including direct and alternative effects valuation. Ecosystem services are defined according to the
positive difference of the economic assessment of the benefits of the ecosystem and costs
for realization of the benefits.

RA Water Code includes several provisions and principles, which are considered as basis for
implementing legal and structural reforms. However, there is still lack of by laws, which will make it
possible to fully employ economic management tools and instruments in IWRM, despite that fact
that the Water Code includes corresponding provisions and principles of applying such tools.

Particularly chapter 11 of the Code discusses economic incentives and the system of payment in
water relations. Article 76 of Chapter 11 provides for economic regulation principles for the use,
restoration and protection of water resources, water supply and wastewater systems. Article 77 of
the same Chapter defines the baseline for water use permit fees, which has not been applied since
adoption of the code. Since the introduction of the Water Code in Armenia in 2002 the water use
permit fees were aimed at developing a culture of paying for water abstraction and water
wastewater discharged, but in reality this fees did not reflect the baselines for water use permit fee,
as required by the Article 77 of the Code. Thus, Article 77 requires that the baseline for water use
permit fee include the following:

¢ volume, quality and regime of water withdrawn from the water resources,

¢ volume of manufactures production, renders services, completed works that were performed
without water intake from the water resource,
use surface of the water resource,
purposeful or non-purposeful use of the water resource based on the qualitative and quantitative
water characteristics,

¢ volume and quality of wastewater discharges into the water.

From the above-mentioned criteria only that first and last ones are being applied at the moment,
whereas for application of the other criteria there are no corresponding legal basis and
mechanisms.

To increase water use efficiency and improve water quality, as well as to raise the interest of water
users, the water use permit fees retained from individual water use permit holders can be different
given such factors as:

e The quality of water withdrawn from and the discharged into the water resource in comparison
with the quality of the water resource into which water is discharged, as well as the profit of the
person holding water use permit,

e The costs of monitoring,

e The quantity of water withdrawn, and

e Possible impacts on the quality and quantity of the water and risks and restoration costs
associated with it.

In addition to this, Article 5 of the Code described the basin principles of management, use and
protection of water resources and water systems and as one of the basic principles includes that
fact that there is no alternative to water, it has environmental and economic value not only in case

51




when it is used, but also when it is not used. According to another principle, the management of
water resources shall be implemented through recognition of relationship of water and its adjacent
ecosystems.

Republic of Armenia law "On Fundamental Provisions of the National Water Policy" is one of the
most important laws, which was development and adopted after adoption of the Water Code, and
which implies for the provisions of the Code. The law indicates the main objectives of the policy,
principles for development of water policy and water management, formation of water demand and
supply, priorities for water resources protection and use, implementation of water basin
management as basis for strategic management of water resources, indicator assessment of
emergency situations and priority for ensure proper water supply.

Republic of Armenia law "On National Water Program" includes provisions on usable water
resources, strategic and national water reserves, classification of water resources and water
systems, perspective issues, water resources management issues (monitoring, data management,
resources planning, impact on water resources and water quality norms, provisions for definition of
ecological situations and prevention of negative impact on water), fundamental principles for
complex management of water supply and demand (ensuring accessibility, demand management),
provisions for step-wise implementation of national water program and economic mechanisms.

Other codes and laws of Armenia (land, underground, forest) and laws regulating the legal
relationship of natural resources use also contain legal provisions related to water sector.

Thus, the RA land code includes provisions on water lands, hydropower lands, communal lands
related to water and lands for resort areas. Land servitudes include laying water supply pipelines
and their operation.

The law "On Underground" includes legal norms of groundwater resources.

RA forest code includes provisions of classification of forests according to the purpose of their use.
Among the classes, the sanitary forests, which serve as buffer sanitary zones for water protection
and water supply sources are mentioned, including the possibility for establishment of water
captation and implementation of hydro-meliorative measures in the territories of forests.

In the law "On Rates of Nature Protection Fees and Natural Resources Fees" a water resource use
fee is envisaged.

6.2. Payments and Rates of Environmental Fees and Natural Resources
Use Fees

The types of environmental fees include:

a) fees for emissions of hazardous materials into the environment (air and water basins),

b) fees for disposal of industrial and consumer waste into the environment according to set
procedures,

c) fees for goods causing damage to the environment.

Types of natural resources use include:

a) for water use,

b) for abstraction and consumption of minerals,

c) for use of natural resources.

The rates and fees employed in the water sector are regulated according to the Government of

Armenia resolutions. According to Government Decision N864 of December 30, 1998 and further
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amendments introduced by Decisions N789 of August 29, 2001 and N122 of December 13, 2007,
the fees for irrigation purposes compose

The rates of natural resources use applied in the water sector are defined according to RA
Government Resolution No 864 of December 30, 1998, according to which the following fees are
defined for water use for irrigation purposes:

Table 16: Rates of fees for natural resources use for irrigation water abstraction

Type of water resource AMD/m’
Surface water 0.0
Fresh groundwater suitable for drinking purposes 1.0
Fresh groundwater not suitable for drinking 0.0
Waters of Lake Sevan 0.2

Table 17: Irrigation water supply by "Vorogum Jrar (irrigation intake)" CJSC
No Description Tariff, AMD/m°® In force

1 To Water Users Associations, Federations of Water Users Association and other | April 1, 2007
water users within the service area (2007-Ne61A, 2008 Ne575A)
1.1 | Tariff for gravity-fed irrigation water supply 1.01

1.2 | Tariff for pumped irrigation water supply 11.52

As for the rates for water resources abstraction fees for other purposes, they are defined according
to the Government Decision No. 864 on Rates of Natural Resources Use Fees, of December 30,
1988.

Table 18: Rates of natural resource use fees for drinking purposes
Type of water resource AMD/m’
Surface water (except Lake Sevan) 0.5
Fresh groundwater suitable for drinking purposes 1.0

Table 19: Rates of natural resource use fees for water abstraction paid by AWSC, YWSC and local
self-governance authorities

Type of water resource AMD/m’
Surface water (except Lake Sevan) 0.25
Fresh groundwater suitable for drinking purposes 0.05

Table 20: Rates of natural resource use fees for industrial water abstraction

Type of water resource Fee, AMD/m®
Surface water 0.5
Fresh groundwater suitable for drinking purposes 1.0
Fresh groundwater not suitable for drinking purposes 1.0

The payments associated with discharging wastewater into the open water basin are regulated
according to the Republic of Armenia law "On Nature Protection and Natural Resources Fees" and
law "On Rates for Nature Protection Fees". According to the latter law the following charges per ton
are applied for discharging pollutants and their compounds into the water basins:

Table 21: Rates of nature protection fees per ton of discharged pollutants and its compounds

- Rate of the nature protection fee

No. Types of pollutants and their compounds per 1 ton, in AMD

1. Suspended Particles 5,300
2. Ammonium Nitrogen 5,100
3. Acetone 301,000
4, Biological Oxygen Demand 18,400
5. Oil Products 204,600
6. Copper 1,023,900
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Rate of the nature protection fee

No. Types of pollutants and their compounds per 1 ton, in AMD

7. Sulphates 100
8. Zinc 1,023,000
9. Chlorides 30
10. | Trivalent Chrome 153,400
11. | Total Phosphate 40,000
12. | Fluorine 511,500
13. | Pesticide 18,200
14. | Acetic acid 16,900
15. | Sulphur dioxide 16,900
16. | Detergents 102,300
17. | Metallic salts 511,500
18. | Cyan and cyanide compounds 511,500
19. | Phenols 1,023,900

According to Government Decision No. 864 on Rates of Nature Use Fees, of December 30, 1988,
the hydropower sector is not required to pay abstraction fees. Such decision is made taking into
consideration the priority to develop alternative sources of energy in the country.

Rates of fees (per ton) for disposal of industrial and consumption waste are defined at 0 AMD/ton
for non-hazardous waste, and 48,000 AMD/ton for hazardous waste of the first class. In addition to
this, fees for goods causing damage to environment, fees for natural resources use and fees for
abstraction of mineral resources are defined as well.

According to RA law "On Rates of Nature Protection Fees" rates of fees (per ton) for disposal of
industrial and consumption waste into the environment are defined within the following intervals: 0
AMD for non-hazardous mining waste, 48,000 AMD for hazardous waste of the first class. In
addition to this, rates of fees are defined for import or production of goods, which cause damage to
the environment.

RA Government Resolution No 864 of December 30, 1998 "On Rates of Natural Resources Fees"
defines the rates of fees for using and for consumed or abstracted mineral resources.
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7. PROPOSED PES SCHEME FOR THE PILOT RIVER BASIN
7.1. Proposed Approach

As already mentioned, the upper sub-basins of Hrazdan River basin have rich biodiversity, due to
which the settlements, particularly the territories adjacent to water resources in those sub-basins
have favourable climatic conditions, and are attractive for expanding the settlements areas and
establishment and development of resort houses, sport complexes and other recreation zoned.

It seems that the Tsaghkadzor sub-basin of Hrazdan River basin is leading in this aspect, but it has
a negative impact on the ecosystem of Tsaghkadzor.

Air monitoring data show that the ground layer of air in Tsaghkadzor is clean. The quality of soils
and atmospheric precipitation is also not degraded.

During the recent three years (2008-2010) the water quality in Tsaghkadzor city and below it is
continuously deteriorating. During that period particularly the concentrations of nitrogen and
phosphorous have increased in rivers waters (particularly ammonium ion and total phosphorous),
as well as organic pollutants, which exceed over 10-fold the norms for fisheries and the
corresponding concentrations observed upstream of Tsaghkadzor city. At the same time the
analysis shows that the pressure from communal-household wastewater on river's water increases
parallel to increase of the number of resort houses and number of tourists. Thus, the increase of
concentrations of the above-mentioned parameters in the section of Tsaghkadzor city and
downstream of the city is due to inflow of communal-household wastewater from Tsaghkadzor city.
Since Tsaghkadzor city does not have a wastewater treatment facility the sewage water from
Tsaghkadzor city and downstream the city are directly discharged into the river without any
treatment.

The results of water quality monitoring conducted during the recent months, as well as visual
observations show that the negative impact on Tsaghkadzor River, and thus on the water
ecosystem of Tsaghkadzor, is quite significant and dramatically increases during the summer and
winter months, whet the flow in the river decreases, and the number of tourists increases.

During the above-mentioned months the 24 objects (resort houses, sport complexes, restaurants
and leisure objects) located in the river banks operate in their full capacity (see Annex 1).

According to the most conservative calculation the water use of those objects composes 2600
m3/day, which has a negative impact on rivers ecology. Given that during the day the water use is
distributed unevenly (about 60-70% of the total water use occurs at 8-10am and 8-10pm), the
wastewater, without any treatment, is being discharged into the river in a volley. Unlike for
proportional discharge (when the discharge is being conducted evenly), in case of the discharge in
a volley the recipient water body is subject to more impact. For example, in case of the Biological
Oxygen Demand (BOD), the negative impacts increase 50-fold and more. The impact is particularly
large when the ration of the discharges of wastewater and recipient water body are close to 1. In
case of Tsaghkadzor River the coefficient equals 0.6 (wastewater discharge is 30 litre/second and
the river discharge is 50 litre/second).
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Calculation
Economic damage cause to Tsaghkadzor River by BOD during the winter-summer months in
case of wastewater discharge in a volley (for non-official use)

Volume of wastewater:

Q=0.030 m¥second x 86,400 second x 182 days = 471.6 thousand m®
BOD concentration in wastewater — 240 g/m®

Mass of BOD discharged into river - T

T —471600 x 240 = 113.2 ton

According to methodology, in case of discharge of 113.2 tons of BOD a damage of 27.8 thousand
USD is caused to water resource.

(Source: "Methodology for Calculation of Damage Causes to Economy due to Pollution of
Environment" approved in 1986 by the Minister of Finance of Armenian SSR and the Chairman of the
State Committee for Environmental Protection; and Order for assessment of the impact on water
resources due to economic activities, approved by Government of Armenia Resolution No 1110-N of
August 14, 2003).

As it can be noticed the calculation relates only to economic damage caused to Tsaghkadzor River
and only from BOD. Similarly, we can calculate the damage caused by each pollutant included in
the wastewater, and as a result the total economic damage will be 2-3 times more.

As for the damage caused to water ecosystem, its magnitude is contingent upon the self-cleaning
capacity of the river. The mutual inter-relationship of the terms "water resources use and protection
norming”, "ecological flow" and "maximum allowable discharge" allows to outline the self-cleaning
capacity of the river through application of the existing methodology for calculation of the marginal

allowable discharge.

Taking into consideration that the above-mentioned approaches are fixed in the RA water code, the
RA Ministry of Nature Protection, taking into consideration the peculiarities of water resources due
to geographical conditions of topography structures of Armenia, has development and approved
according to Minster's decree a methodology "On calculation of marginal allowable concentrations
of wastewaters discharged into water resources”, which later on was registered and obtained a
status of legal acts of obligatory application in the RA Ministry of Justice (March 11, 2004, No
10504043).

The methodology is based on the studies of corresponding specialized organizations of the former
USSR, including Armenian SSR. The methodology of calculation is based on the self-cleaning
capacity of the water resources, based on which the extent of marginal allowable discharge of
pollutants is defined.

As the studies in the field show, the main pressures on Tsaghkadzor River are from the resort
houses, hotels, restaurants and other objects located on the banks of the river, as a result of
activities of which mainly economic fecal, biological pollutant wastewater is generated. The main
parameter of that type of wastewater pollution is the BOD, the concentration of which in similar
wastewater composes about 240 mgl/l.

According to studies the average daily flow of Tsaghkadzor River composes 0.050 m*/second,
whereas the average daily flow of wastewater composes 0.030 m3/second. Using this data and
above-mentioned methodology we will get the value of the marginal allowable concentration of
BODS5, which is equal to 7.24 mg/l (Annex 2).

As a matter of fact, in the giver section of wastewater discharge Tsaghkadzor River has such self-
cleaning capacity, that reduces the impact of wastewater (BOD = 7.24 mg/l) down to allowable
level 500 m downstream of the point of mixture.
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For all rivers of Armenia, contingent upon the class according to concentrations of hazardous
substances, marginal allowable values are defined. In the case of the observed section of
Tsaghkadzor River the allowable value for BOD is 5 mgl/l.

7.2. The Extent of Application of PES and Proposed Rates

According to the Republic of Armenia law "On Nature Protection and Natural Resources Use Fees"
a certain rate is defined for each pollutant, which is being discharged into the water resources. For
BOD the fee is 18,300 AMD/ton.

RA law "On Fundamental Provisions of the National Water Policy" fixed the principle "supply forms
the demand"”, which as a matter of fact shall regulate natural resources use (wastewater discharge
into water resource is also considered natural resources use, since for that purpose nature is used)
to the extent, suggested or allowed by nature. Such regulation shall be done in an ecologically
justifiable, logical and legal manner.

Thus, the rates for natural resource use and nature protection fees shall be applied to the volumes
and masses, whose impact will not go beyond the violation of marginal allowable concentration of
the ecological equilibrium of the ecosystem. In terms of water use, that water abstraction volume
shall not reduce the ecological flow of the given section, and in terms of wastewater discharge the
mass of pollutants discharged into the wastewater shall not be more, than the self-cleaning
capacity of the water resource, required for preventing of the negative impact of the given material.

Summarizing the above-mentioned judgments, we can conclude that the acceptable rate of nature
protection fee for BOD before the discharge into the water resource against the marginal allowable
concentration will be MAV=7.24 g/m3.

Thus, since the organic pollution above 7.24 g/m3 discharged into Tsaghkadzor River is not subject
to self-cleaning and has a significant negative impact on ecosystem. Thus, for any discharge
above the MAV concentrations, as special, higher rate of fee shall be introduced as payment for
ecosystem services (PES).

For introduction of PES rates the principle polluter pay has been applied, which is fixed in the
Armenian water Code, together with the principle that the polluter shall cover the financial costs
required to provide for pollution prevention and elimination measures.

Thus, as a result of logical interpretation of several above-mentioned principles of the RA Water
Code, it became possible to define the baseline lower value for calculating the PES for causing
irreversible damage to natural functioning of water ecosystems.

At the same time it is logical that the application of PES shall include the interval from the lower
value up to the actual pollution level. In our case, for BOD, it composes from 7.24 m/m3 up to 240
g/m3, where 7.24 g/m3 is the lower value of PES, and 240 g/m3 is the actual concentration of BOD
in the wastewater discharged into Tsaghkadzor River.

For application of PES it is necessary to define also a fee rate for unit of pollution. Taking into
consideration the principle that "the polluter shall cover the financial costs associated to
compensation of pollution” it is necessary to economically assess the costs associated to
anthropogenic organic pollution of Tsaghkadzor River.

The number of population causing anthropogenic pressure on Tsaghkadzor River is 3,800, of

which 1,800 is the permanent population, and 2,000 is temporary population (resort houses, sport
complexes, restaurants and other).
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According to preliminary estimates for construction of wastewater treatment facility with capacity of
3800 PE it will be required to invest 250,000 euro or 5 thousand euro annually within 50 years of
lifetime.

Taking into consideration the concept of the PES, it will be logical to set rate for unit of pollution (for
BOD) as the ratio of financial resources required for construction of wastewater treatment facility
(250 thousand euro) and PES application interval (240-7.24=232.76 g/m3) times BOD mass
included in 0.030 m3/second of wastewater during the summer-winter polluted period:

PES e = 5000 euro
232.7 g/m® x 0.30 m¥second x (180 x 86.400)

where 180 x 86400 is the number of second in the summer-winter period, and equals to 15.552
million.

PES e = 5000 = 0.000046 euro/gram.
108568512

Thus, the PES rate for the objects adjacent to Tsaghkadzor River equals to 0.000046 euro per 1
gram of BOD discharged, which shall be applied towards only those objects, which is 2000
temporary visitors, for the benefit of 1800 permanent population. This can be done through
establishment of special development fund under the jurisdiction of Tsaghkadzor community with
condition, that the resources of this special fund shall be used for financing targeted measures
towards reduction of pollution of Tsaghkadzor River.

The PES calculation provided below is for sample resort house:

Period of activity: summer-winter t — 180 days

Quantity of wastewater: g — 0.005 m3/second

BOD concentration: L — 240 g/m3

Lower value of application of PES: Lmin = 7.24 g/m3

PES rate: e — 0.0921 euro/g

ES = 180 x 86400 second x 0.005 m3/second x (240-7.24) g/m3 x 0.000046 euro/lg =
= 15552000 x 0.005 x 232.76 x 0.000046 = 0.83 thousand euro or 415.0 thousand AMD.

7.3. Next Steps

In order to apply the above-proposed principles it will be necessary to make revisions and
additions in the current laws of the country, and/or develop new legal acts.

In case of fundamental solution of the above-mentioned subject it is preferable to have a separate
and new Republic of Armenia law "On Payment for Ecosystem Services", which will defined the
following:

e subject of regulation of the law,

e Mmain concepts, including the concepts of ecosystem services, payment for ecosystem services,
rate of payments for ecosystem services and so on,

payers of the payments for ecosystem services,

types of the payments for ecosystem services,

rates of the payments for ecosystem services,

procedures for calculation and making payments of the payments for ecosystem services,
timelines for presenting the calculations and making payments for PES

procedures for calculating the actual size of the PES,

currency of the payment in PES scheme,

procedures for registration that payments, and paying back the excess payments in PES
schemes,
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rights and obligations of the payers of PES,

privileges of the PES schemes,

responsibility in case of violation of the law,

control over the process of calculation of payments and actual payments in the PES scheme,
transitional provisions.

With the adoption of the law it will be necessary to make corresponding adjustments, revisions and
additions in the Republic of Armenia law "On Nature Protection and Nature Use Fees", and
Republic of Armenia law "On Rates of Nature Protection Fees".

Partial solution of the problem can be achieved through inclusion of the proposed provisions of the
Republic of Armenia law "On Payments for Ecosystem Services" into the Republic of Armenia law
"On Nature Protection and Nature Use Fees" with a condition that PES is considered as a new
type of environmental fee.

For the proposed both options it is necessary to solve the issues related to targeted use of money
from applying PES on resort houses, hotels and other complexes.

Another option for solving the issue is introduction of a system of financing the impacted
communities according to the Republic of Armenia law "On Targeted Use of Environmental Fees
Paid by Organizations”, when the environmental fees paid by polluting organizations are targeted
towards implementing environmental or health related projects in the impacted communities.
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