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FOREWORD

For the ed of currant cartury the dimete Change became ane of the nogt impartant proders for
menkind. This is caused by those catestrophic conssguences, which could teke place if the globd
dimetic sysemloosesitsequilibrium

In 1992, when the UNFOCOC was Sgned, the paliticd turmoil wes prevailing in Georgia
Honever, in 1994 Georgia dreedy joined the Convantion and since 1996 the intensve
adivity has begun for the fulfilment of commitmants to the UNFCCC. In paticdar, the
Presdent goproved the nationd dimete Change Programe firdt results of which saved asa
besc for the preparation of Gaorgian's Initid Naiond Conmunicdion to the COR,
accomplished under thefinendd support by the UNDP and GE-

Gaorgia hes a auffidently long higtory of meteordlogicd obsarvations and dindic investigations
This endbled our gpeddids to assess the future tendendies of dinete change consdering conlex
geogrgphicd conditions of our country, determmine the levd of wulnerability for different sectors of
eoonoy and neturd ecosystas, work out rd evant adgptation Srategy.

Gret atation wes ped to the naiond invatory of gremmhouse geses, the resllits of which have
reveded inportant peculiaities of GHG erisson dynarics These results will be found to be useful
in neer future for the planed eisson trading in the framework of the Cleen Devd opment Mechaniam
and other forms of internetional cooparation.

Foadd atention has been given in the present Nationd Communication to the andyd's of messuresto
nitigate greanhouse ges arissions. The resuits abtained were usad to work out a number of projet
proposds, some of which are dreedy under theredization.

The Georgan Governmart is paying gregt dtention to the fulfillment of commitments under the

UNFCOCC. This can be proved by the fadt, thet in the beginning of June of this year the Presidentid

Order has bean Sgned on the mesaures gipulaing wide use of renewell e sources of energy under the
requiraments of UN and UNESCO Sugtainable Devd opment Program In particular, acoording to this

order the UNFOOC Nationd Agency hes been sgt up, which rgaresants a unified oo ordingting body
for theadivitiestoinmplemant the Convartion, carried out in various Governmentd Sruciures

The accomplished Nationd Commrunication regoresants firg report in this spedfic fidd, beng
subitted to the Seordtaiat of the UNFOOC and it can beregarded asaninitid dhareof Georgiato the
achievemant of the nodlegod s of the Convention.

Vazha Lordkipanidze,

Minige of Sate,

Crarmen of Sate Conmrission on the promation
to the devd opment of renenedl e energy
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1. EXECUTI VE SUMVARY

1. EXECUTIVE SUMMARY

1.1. FOREWORD

Gaorgian Paliamat ratified in 1994 the United Nations
Framenork Convention on limete Change, adopted by lesders of
158 dates & the Eath Summit in Rio de Jandiro in 1992 S
Gaorgia took the ddligation to the invatary of gremmhouse ges
arissons ad thar aatermat, the condudion of messures
providing decresse of eisson of these gasesin theamosphere

Aacoording to the rules of the Convention, within 3 years of
its joining to the UNFOOC, or the beginning of rdevant finendd
asdgance the country isto subrit its Nationd Communicaion to
the QOP. For thefulfillment of this commitmeants to the Convention
the Pres dent of GeorgiaMr. E Shevardnedze goproved in 1996 the
Nationd Qinmete Change Program and, in saite of finendd proders ganding before the country,
dlocaed necessary finandng to the year 2000. For the inplemantation of the Program the Nationd
Aimete Research Cantre (NCRCO) has been st up a the Departmant of Hydrometeoradl ogy. Despite of
thefadt, that Georgiaas anontAnnex 1 party, wes nat odliged to investigate the mein trends of dinete
change ove its taritory, this Program envisaged carrying out of research in that diredtion for the
spadification on the regond levd of genard forecadt for the globd warnring. The preparatary work
dated without dday for the composition of initid Nationd Communication— prdiminary detabese hes
ben prepared far the inventory of GHGs, the andlys's has bean carried out on the dhange of ngor
dimetic damants—ar tarperaure and amosphaic pred pitetion during the 20-th century, the rd evant
trends were estadlished for the differant regions of Georgia, the prdinrinary assessments of vulnerabaility
were mede for agriculture, water resouroes, coedld zone and ndurd ecosygtars. At the sare ting
aocoording to the rules, established for the devdaping countries and econonies in trangition, the
Government of Georgiagpplied to the GEFfor assgancein the preparation of this communication. By
thisting, with the condderation of results of adtivities conducted in Georgiaon this problem apostive
dedison wes adopted by GEF in Sqptarbar 1996. On its bed's adivities on 2-year prgjedt “ Engding
Gaorgatofulfil itscommitmentsto the UNFOCC” garted under the guidence of UNDP Gountry Office
in Gaxgadnce Mach, 1997. In April, 1997 a Sering Conmittee hed been arested heeded by the
Sae Minige. It induded dl leeding persons of the Minidries and govanmentd  Depatments
connected with the Climete Change prodlem

Reauits ditained & separate Sages of the prgjedt inplementation, have ben reviened a 3
workshops hdd under the prgject work plan. Sevard represantdives of the Governmeant and leeding
spaddig of the country in thisfidd took part in these workshops, aswell as represantives of vaious
oountries and internationd organizetions.

Resuits bang obtained during theimplementation of the project were regulaly dissavinged by
the gpedd Bulletin, published under the project finendd support. They ware dso widdy dedlt within
paiodicds, on TV and radio, werediscussad in gpedid ledtures and pepars.

Aining the inplementaion of the projet on the high levd, it becare possble to atratt the
wide range of highly professond peddigs from a number of orgenizations, arong which are to be
mentioned:
= Minigry of BEvironmat:

- Depatmant of Hydrometeord ogy;
- Naiond Qimete Ressarch Cantre
- Man Adminigration on Atmospheric Air Rrotedtion.
Minigry for Fud and Energy;
Minigtry of Bconommy;
Minigry of Hnenoe
SateDepatment of Sdidics
SaeDepatmant of Foresry;
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»  Ceorgan Acadary of Sdences
- Inditutedf Hydrometeoral ogy;
- Indituteof Batary;
- Indituteof Geography;
- Indituteof Pdechidogy;
- Indituteof Geophysics
= |vane Javakhidwili Thilid Sate Univarsty;,
= Catrefor Agriculturd Ecology of the Acadary of Agricuiturd Sdence
» Thilig Agaian Univasty.

The firg nationd inventary of greenhouse ges arissons and snks wes carried out for 1980-
1997 paiod intheframenork of the projedt.

Using the vul nerahility assessment for various branches of the econony and naturd ecosystens
to antidpated dimete change, mein diredtions of adgptation strategy have been worked out, meking the
besisfor the cregtion of the Netiond dimete Change Adtion Han, the devd opment and spexifi cation of
whichwill bemedein the Seoond Netiond Communication.

For theinplamentation of GHG abetemant ativities amed & the mitigation of dirmete change,
dong with the preparation of Nationd Communication, over 10 prgject proposdsweredaborated a the
Nationd dimete Research Cartre These proposal's have been presanted to the organizations of globd
coopardion, fundioning in this fidd. These proposds conddar inplemantation of environmattdly
friendy and energy-effetive projedts usng the sources of renewedle energy. 2 of them have been
dready goproved to be caried out under the GEF finendd support. In connedtion with indicated
adivity, dose and progpedtive contadts have been established both with intemetiond organizations
(GEF, UNDP, WB, BEBRD, TACS dc) ad a nurbe of privae firms from Audrig USA, the
Netherlands and ather countries

To fulfil the country’s conmritmeants to the UNFOCOC, consdliddion of the efforts of anumber
of Minigries and Departmants gopeared to be necessary. During the project indlemanttion it becare
evidat, tha the solution of coplicaed and numerous problaTs conneted with dimete change
phenomena needs aregtion of a unified governmentd body, which will coordinate in future dl adtivities
in the fidd of dimete change prablem and will be responsble for the fulfillment of dl commitments
under the UNFCCC to bath the Country’s Government and to Internationd organizetions.

1.2. NATIONAL CIRCUMSTANCES

Georgia oocupies the southeestern part of Europe, to the South of the watershed of Great
Caucadan Range, in Transcaucesia, lying between the Black and Cagpian Sees. Tatd area of the
courntry is 69,700 km 2, 46% of which is located & the dtitude of 0-1000 m asl. The Likh Range
aossing the country dnogt meidondly in the mdde of taritary, divides the country into 2 different
regonsthet isrefleded meinly inthedimete

Western Gergiaisrich in rivers, the biggest of which are Roni and Enguri. The biggest river
inEstanGaorgais  Mtkvari withitsseved  confluents floning down fromthe Grest Caucasus There
aetens of lakesin Georgia The biggest of themis Paravani with the area of its water plane of 37.5
km?® Ovar 20 reglaing weter resavoirs are condructed on a number of rivers Shaps ooapy
goproximetdy 600km 2 of the country'sterritory, and gladers oooupy theareaof 511 km

Alnog dl types of dinee are presented over Georgian territary exogat savanna and troplcd
forests The Bladk Sea coedtd zone has humid subdtropicd dimete Meen annud tarpardure here is
14-15 °Cand annud predipitation suns range from 1500 to 2500 mm On the Alans of Eastemn Georgia
the dimete is dry-subtropicd with average anud tenperatures in the range of 11-13 % Cad anud
pred pitation suns betwean 400-600 nm In mountainous aress this vd ue reeches 800-1200 mm

Inthe cdd peiod of the year table snow cover does nat formin bath regions of Georgiaup to
the dtitude of 400 m  asl. Durdion of bright sunshine over the mogt part of the country’s taritory
ranges from 1900 to 2200 hours Warnring period with 10 %C threshald vdlue on the plains conprises
120-160 days whileinamountainous zoneit reaches 220-320 days
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In 1989 populdion of Gaorgia wes 545 million, 56% of which lived in dties After the
bresking up of the Soviet Union, intensive migration of population has begun. Population of Georgia
adudly wes 47 million by the year 1998, gopraximetdy 3 million of which lived in dties
Economicaly adtive populaion mede 2.2 million in 1997, out of which goproximetdy 350 thousand
persons were unenrpl oyed.,

Until thedidntegration of the Soviet Union, the sharein GDP of the mein branches of econany,
namdy indudry, agriculture and sarvices wes dlocated dimodt evanly. By 1997 this propartion sharply
changed in the direction on the decrease of indugtry (doan to 18%) and the incresse of sarvices (up to
5200. Subgantid decresse of the share of industry wes meinly causad by the bresking of econamic
relaions betwean former Soviet repubdics and catagtrophic inareese of the cogt of energy-cariars. Due
to dow, but firm course of reforms since 1996, gradud inprovamat of mein econammic indices hes
begun. 1n 1995 GDP anounted only 370 UD per capita In 1997 thisvad ueincressed up to 890 UD.

From 1997, due to the impect on the economy of various negdtive factars, anong them the
corruption, the dow-down of progress has begun. In the meentime the President and the Paliamant are
prepaing to cary out arudd anti-corruption messures to combet the presant finendd and econamic
aids Thiswould aregte necessary condiition for the adtivation of country’staxation system

Agriacuturd lands in Georgia oooupy 35.2 thousand km 2 the mogt pat of which is used &
adde land for sowing aress under anud aops and pedures. The rest of the arealis cocupied by
vineyads, fruit, tea aop, dtrus plarnts, vepatables, potatoes and hayfidds. Forests in Georgia oocupy
209thousandkm 2,

Energy produdtionisonedf the gretest prolers of Georgian econany. At present, the country
gets only 20% of essatid energy to iy primary neds. Energy consunation in Georgia decreasad
since 1988till 1996 from 18.1 hillion KWh to 7.3 KWh, respedtively. 1n 1990, the share of hydropower
plantsin atatd energy generation was 53% whilein 1996 this vaue mede 83% Dueto alow levd of
meintenance, hydrodedtric plants produce goproximetdy 60% of their full cgpedty. Totd energy loss
inthe power network reeches 25%

Annud prgected output of 60 hydrodedric plants, fundioning a presant in Georgiag, is 10
hillion KWh. The country’'s hydropower patentid dlows congtrudting up to 250 new hydrodedric
plants of different cgpedty, with 0 billionkWhtatd output.

Qut of energy resources esteblished sock of cod ove the taritory of Georgia mekes 432
nillion tons, and projetted resources of arude il are egtimeted up to 375 million tons. The country’s
demend on ail mekes a presat goproximetdy 5 nillion tons annudly. According to the results of
exploration adtivities, condudted for thelegt years, there are quite asuffident resaves of naturd ges a
the Black Seashdlf in Georgian sedtor, tatd output of whichisegtimeted es L8 hillionm 3 anudly.

Armong renewable energy resources Georgiaiis rich nogt of dl in hydropower resources. Full
enagy production potattid of asurface run-off reaches 219 hillion kWh, out of which, it istednicdly
feesible to generate up to 40 hillion KwWh of enargy. Qut of wind energy resources, econonricaly
ressoneble pat is estimeted as 2-3 hillion KWh, thet is nat predticdly usad yet. Georgiaisdsorichin
laand  biomess energy resources. It hes uffident resarves of geatherdl waters, thet ey be used to
didy the requiramants of up to 1.5 million parsons in hat water and hedting in future, ss well as to
provide thefundtioning of anumber of econonricaly inportant enterprises

Themansourceof GO, arissonsin Georgiais energy production module the share of which
inthetatd GO , erisson vaiad in 1980-1997 within 93-72% In the 80-s tatd QO 2 @risson from
enagy objeds mede 31-36 million tons, and by 1994 this indices decressad down to 4 million tons
annudly. Thesharedf notar-trangport inthetatd GO 2 @rissoninthe80-smede 8% After thebresk
up of the Soviet Union it decressad 2-3 times. Though, since 1995 sharp growth is being oosarved and
during therecat yearsit reeched 30-35%
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1.3. GREENHOUSE GASINVENTORY

The fird gremmhouse ges inventory wes carried out in Georgia acoording to the IPCC latest
Guiddines. Along with the bese 1990 year, the deta for the 1980-1997 period have been conddered as
wdl, snce dte the didntegration of the Sovig Union the process of gremmhouse ges arisson

undewent condderable change Invertory covers bath greenhouse gesss of diredt efet (CO 2 CHy,
N.O), ad indret effet ( NO,, NMVOC, GO, SO  ,). According to estadlished rules anthropogenic
adivity is bang reveded in 5 modules: energy produdtion, indudtrid processes, ayiadture land use

change and foredtry, westes. Generd dharatteritics of mein greenhouse gas arissons are presanted in
theTablel1

Tadel1 Charadteidicsof mein greenhouse gas e ss ons during the 1980-1997 pariod

Greenhouse gases 1980 1985 1990 1995 1997
Q0,, Tg 34,593 39,620 36422 534 9177
CH,4 Tg 0,380 0411 0,3%6 0150 0,167
N0, &g 8435 8,55 7,8% 3273 4,366
Toid inCO , equivdet, Tg 45188 50,916 46,345 9509 14,037
Tod inCequivdet, Tg 12324 13886 12640 2533 3828

Mgor source of the mogt inpartant greanhouse ges - QO 2 @rissonisfossl fud combudion,

andmeingrkisfores. Resuitsof QO c arissonand srkinventory arepresmted inthe Tdle 1.2,

Tddel.2 Man charadeidicsaf QO  avissonsand renovasin Gaorgia( To)

Sour ce categories 1980 1985 1990 1995 1997
1. Energy production, induding: 30.976 36.883 33814 3877 7.336
Sationary sources 28186 32683 30.676 2447 4470
Mator trangport 2790 31% 3138 1430 2866
2. Indudtrid prooesses 1200 1259 1042 0.136 0207
3. Fores utilization 1576 1658 0.664 0.734 0937
4. Agiadture 0.841 0.820 0.902 0547 0.6%
Total | 34593 39620 36422 534 9.176
Q0, sk
Forest ecosysars -12.389 -12.389 -12.389 -12.389 -12.389
Trandformetion of pestures 9.836 9.836 9.836 9.836 9.836
QO, g anisson 32040 37.067 3380 2791 6.623
Shaed GO , srk by forests (% 279 51 279 81 65.3

In the enargy production module aleading placeis occupied by dedtridty and heet generdion.
Thenfdlowsresidantid sactor, notor trangport, agricultureand sgparateindudtrid brandhes

Man sources of Mehane erisson from the taritory of Georgia are wedtes, agricuiture ad
fugitive arissons from fud produdiion. Man dhaeradteristics of CH 4 @misson ae presaiad in the
Tadel3.

Sharp decresse of Methane enissonin energy production &fter the collgpse of the Soviet Union
weas causd by subdtantid decresse of inported fud consunption. Main share in Methene erissons
fromthe weste sactor is attributed to sdlid westes and indudtrid sewvege, and fromagriculturd sedtor -
to anime enteric fameantation and menure prooessing.

Tade 1.4 presents dataon Nitrous (1) Oxide eiss on fromvari ous sectors of econany.

Tade1.3. Man charateidics of Mahanearisson, 1980-1997 ( (€0)
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Sour ce categories 1980 1985 1990 1995 1997
1. Energy produdtioninduding; 1030 1210 106.0 6.5 72
Fugitivearissonsfromfud 0.1 1169 103.3 6.0 6.3
2. Indudtrid prooessess 04 03 02 00 -
3 Agiadture 107.7 1131 0.9 65.7 740
4. Forest utiliztion 281 24.3 150 78 94
5. Weste menagamat 1406 1525 144.3 719 726
Total 37.8 4112 364 1519 1632
Totd inCO , equivdet 79758 8635.2 74844 31899 34271.2
Totd in Cequivdent 21752 23561 20412 870.0 934.7
Tdleld N ,Oarissonintheamogpherein 1980-1997 ( (€0)
Sour ce categories 1980 1985 1990 1995 1997
1 Bnergy produdion 0.280 0.320 0293 0.048 0.0%
2. Indudtrid processes 0.802 1624 1613 0530 0926
3. Agriadture 7.161 6.487 5.886 2645 3274
4. Forest enosystens 0.193 0.167 0.103 0.050 0.066
Total 8436 853 7.8% 3273 4.362
Totd inCO , equivdet 261516 2665.38 244745 1,014.63 136222
Totd in COequivd et 71323 726.92 667.49 216.72 36879
Man share in the erission of this ges bdongs to agricuiture From other branches are to be
mentioned indudtrid processes Use of foss| fud and forest ecosystarsplay lessinportant rde
Data on the erission of gases of indiredt effet are presanted in Table 1.5. Andyds of the
nmeterid obtaned during theinvertory showed, thet therewas nat subdtantid amisson fromthetaritory
of Georgiaof other greenhouse gases, condidered by the IPOC Guiddines exoet indicated 7 gases.
Table 15. BErisson of ather greenhouse gesss fromtheterritory of Georgiain 1980-1997 ( &)
Sour ce categories 1980 1985 1990 1995 1997
1 Bnergy produdtion 11271 13300 124.35 2384 5115
2. Indudtrid prooesses 031 040 040 0.08 014
3. Agriadture 09 098 103 0.70 090
S | 4 Forest eooeystams 7.00 603 373 194 239
Total 12101 14041 12951 26.56 5458
Totd inCO , equivdet 484040 561640 518004 1,062.40 213820
Tatd in Cequivdent 132011 153175 141274 280,75 50642
1. Energy produdtion 34100 36390 329.00 141.70 297.22
2. Indudtrid processes 150 190 200 050 0.66
3. Agriadture 59.80 5830 64.10 38920 4961
8 | 4 Forest eosygtans 246.00 21240 13L.30 6840 8L73
Total 64830 636.50 52640 24950 42022
Totd inCO , equivdet 1,924.90 1,909.50 1579.20 74850 1,287.66
Totd in Cequivdent 53040 520.70 430.69 204.14 3HL18
1. Energy produdtion 36.69 4009 37.78 116 15
@ | 2 Indudtrid processes 882 825 8538 0.3 105
Total 4551 41834 46.36 1 260
; Totd inCO , equivdet 500.61 53L74 509.9% 16H 2860
Totd in Cequivdent 13653 14502 13908 462 7.80
« | L Energy produdtion 22003 27201 247.36 2024 3308
(3 | 2 Industrid processes 120 097 17 0.02 003
Total 230.23 27298 24915 2026 KCHiN
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Andyssaf conducted inventary datamekesit deer, thet the gresnhouse ges erissionsin 1980
1997 mey be charadterized by three periods. Inthe 80-s, when Gaorgiawesincorparated into the former
Sovigt Union, highest vaues of arisson were obsaved. Cdaulaed in Carbon Dioxide equivdent per
Capita, tatd erisson of greanhouse gasss this time was 8.6 tons anudly. From 1992, due to the
dedinedf theindudrid produdtion, aisdon began to decresse sharply, that continued till 1996. During
this period indi cated v ue decressed down to 2.6 tons annudly. Snce 1997, as aresut of the gradud
revitdization of the Georgian econany, catan growth of erissons is ocbsaved. The coparison of
arissons during aove mentioned two mein periods dlows to edimate unprameditated savings of
gremnhouse gases, thet fallowed econamic collgpse in Georgia dfter the bresk-up of the Sovigt Union

(Teble 1.6).
Tadle1.6. Charadteridtics of greenhouse ges arisson decresse during the period
of 19801997 ( Tg)
1980-0 Difference conparative to average va ues of 1980-90 To)
Compounds ”Bml 1991 | 1992 | 198 | 1994 | 195 | 199 | 1997 | 1991-97
Carbon Dioxide 37000 | -8337 |-19235 |-2649% |-20666 |-3L665 |-28666 |-27.833 | -171.898
(G0))
Methere (CH ) 030 | -008L | -0148 | 0201 | 0227 | -0238 | 0235 | 0219 | -1349
Tresarein@O 2 | g100 | 1701 | 3108 | 4221 | 4767 | 498 | 4935 | -4509 | 28309
equivdent
Nitragen(l) Oice | 59 | oo | 0004 | 0006 | 0006 | 0006 | 0006 | 0006 | -00%3
(N2O _
Thesein@ 2 | 5000 | gen | -1240 | 1550 | -18%0 | -1860 | -1580 | 1550 | -10230
equivdent
(Cgot;ma"de 066 | -0185 | -0497 | -0484 |-0478 | 0377 | 023 | 0197 | 2454
Thesein@ 2 | o | oo | 1401 | 1452 | 1434 | 1131 | 0708 | -0501 | 7382
equivdent
E\',lltcr)og)ma"ds 012 |-0019 | -0084 |00 |-0111 |-0105 | 0083 | 0078 | -057
Thesein@ 2 | 55 | o075 | 33 | 3% | 44 | 420 | 3% |-3120 | 23160
equivdent
Q0,.CHadN ,0
iN00, exuivdent, | 47989 |-10658 |-23583 |-32267 |-36298 |-38523 |-3B.151 | -39 | 210457
M
InCabon
eivaent 13088 | 2907 | -643%2 | -8800 | -0898 |-10506 | -9587 | -9268 | -57.3%8
M =12/44M
Q0,,CH 4, NGO,
Q0 NOx 55147 |-11973 |-28434 |-37679 | 42167 |-43854 |-30170 |-37.608 | -240979
Cladaedincd ,| > ' ' ' ' ' :
InCabon
- 15040 | -0538 | -7.75 |-10276 |-11500 |-11.960 |-10685 |-10280 | -65721
equivdentM ¢

Conddaing a subdatid rde of agrosdls in the radiaion beance of the anogphere and the
Eath, dynarics of thar erissions was dso assessad for 1985-1996. It wes edtadlished, that exnaudts
of solid partides from indugtrid and energy produding sources ranged from 89 to 239 thousand tons
annudly in 1985-1991 period, and then this vaue begen to decresse from 79 to 15 thousand tons.
Exhaugt of soat patidesfrommotor vehidesin thefirst period reeched 3.9-6.3 thousand tons, annudly
and in the second peiod this vaue decressad and mede 0.3 thousand tons (1994). Further, it reeched
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4.4 thousand tons. Mass of sulfates created as aresuit of SO 2 @mission, decressad aswdl, respedtivdy,
from400-600 thousand tons to 30-40 tons per anum

1.4. POLICY AND MEASURESTO MITIGATE GREENHOUSE
GASEMISSIONS

The mein essence of the BErvironmantd Rrotedtion legidation of Georgia is refleted in the
courtry's Conditution, and the prindples of the pdicy and mechanisns of the redization of
environmentd protection are formulated in anumber of lans, conoaning, in gengrd, pratection of the
evironment, water and neturd resouross, getting environmentd protection permissions, conducdting
ecdogicd exaringtion, €c.

Gaorgian Governmant saes the way out froma audd Studion aregted in the fidd of energy
production pdlicy, firg of dl, in a conplete utilization of the country’s oan engrgy resources, in
paticua, thet of hydropove and revitdization of cod indudry. Despite of the fadt, thet energy
production by using cod will increese the GHG arissions Gaorgiais forcad to plan the restaration of
ood indudtry for the provison of the production of bese energy using locd fud. This will decresse
Gaorgid's dependence on thefud inportsfromather countries

In 1997 the low on dedtric energy was adopted, the mein purpose of which is the provison of
exadt reflection on expensss of efetive production of dectric energy, itstrangrisson and digtribution,
aredion of legd besis necessary for dablededtric supply of consumers and pronationto investmentsin
this fidd. In 1998, the Order of the Presidat of Georgia“ On the devdopmant of utilization of non-
trditiond energy sources in Georgid’ wes issued, according to which reneweble energy produdtion is
acknomedged as one of the priority brandhes and spedd dtention is ped to the preparation of
meeares to promoteinvestmants essarntid for the deved opment of renewabl e energy resources.,

Thedmof adate pdlicy in trangpartation branch is the decreese of the number of greenhouse
ges arisson sources by meens of coordinated deve apment of dl types of trangportation, aregtion of the
gydam for the asssssment and nmonitaring of the erissons of haful compounds, among them
greanhouse gesss, by the trangportation, promotion to the devdopmant of motor-highway network.
Expedted trangt of Cagpian all viathe Bladk Seamekes important the problem of ecologicd sfety of
meinetrangport and infragructure and, in paticular, mexinumlinitation of gresnhouse ges arissons
Coplicated problers aise, as well, in connedtion with the congrudion of the TRACECA notor
highway, joining ELrope with Adaviathe taritory of Georgia One of the inportart directions of the
devdopment of Georgian transportation system is dso the devdopmant of ecdlogicdly dean spedd
trangport for mountainous regions and places difficult of aocess. 1N 1995 the Low * On Matar trangpart”
was adopted, deternining the besis of its legd, econoric and organiztiond adtivity. Neverthdess, the
absence of adepuatefinendd support is sarioudy hanpering theimplementation of thosededdans

Astheway out fromaditicd Stuetion, aregted in agriculture dter the bresk up of the Soviet
Union, acoonplishmant of reforms began in Georgig, the key one of which was the privati zetion of land.
The program of agricuturd devdopment in Georgia envisages giving the priarity to evironmentdly
sdfe organic-hidogicd production, themein prindple of whichinplies minimizing the use of fossil fud
and pediddes, obtained by charicd gynthess dfedtive utilization of resources of organic arigin,
presavation of sail fetility, ec.

In foredry sedtor, Snce the midde of the recat century, adivities on doregdion ad
reforetati on were conducted sucoessfully in Georgiag, thet is planned to continue in the next century. In
addition, during the lagt 40 years due to groning urbeniztion of populdion, in meny regions of the
courtry egriculturd cenoses were replaced by forests. During the sae period, demends of populaion
for fud were conpledy sttidfied by liquid fud and naturd ges that sharply decressad the valume of
firanood produdtion. All this subgtantidly conditioned the presarvation and further groath of the
oourtry’s forest resources. Mearwhile due to energy arisis in recent years the unlanful autting of the
trees ubgtantidly dameged forets espeddly around theresidentid aress.

Aacoording tothelaw of Georgia™ On the Pratection of Ervironmant” ecologicdl recpirementsto
wegtes have been esddished. In paticular, an adting sugjett is repongble for the provision of the
deregse of indudtrid, housshdd and other types of wedtes rendaing them harmiess, utilization,
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dlocation and burid with the meintenance of environmentd protection, sanitary-hygienic and epidanic
reguaions Digpodtion of any types of wedes in the sea and ather weter agjedts is prohibited. Tax
Code of Georgiaenvisagestaxesfor wastedlocation.
Qut of messures, @med on the abatamant of greanhouse ges arissons in enargy production
thereareto be mentionedt
Incresse of theeffidency of dedtric energy generation by using foss| fud;
Dexresse of lossesin the systars of trangmisson and digtribution of dedtric energy;,
Incresse of energy dfidency inresidentid ssdtor;
Utilizetion of geothermd enargy;
Rehdhilitation and moderni zation of exigting hydro-power plants
Utilizationof wind, sdlarand  biomessenargy.

A number of messures amed to decreese QO », Methane and Niitrous Oxide ariss ons havebean
worked out as wdl in the fidd of trangportaion, agriculture land use and forestry, and wede

menegeet.

1.5. EMISSION PROJECTIONS

Rgedion of the mein greenhouse gasCO > anissons in the energy produdtion setor wes
conducted on the besis of exiding ind cating plans far the devd opment of Georgian econony up to the
year 2010. Edimdtions were carried out acoording to two scenarios, the firg of which evisages, tha
dedric power consumption per cgoita will reech the 1990 levd and required dedtric enargy (17.6
billion KWh) will be generated from hyadro-poner produdtion (10 hillion KWh), fossil fud (7 billion
KWh) and renewabl e sources (0.6 hillion KWh). Inthis case QO > arissonwill beequd t05.21 Tg per
anum that is less by 144 Tg then the 1990 levd. The ssoond scanario dlows that the 150 MW
capedty thermd power plant will be put into opearation. Inthiscass GO 2 amissonwill incresse by 260
g per anumrddivetothefirg scenaio.
Inthe sub-sector of hedting and hat water supply, estimeti ons were conducted d o acocording to
two scenaios, one of which provides the restoration of early existing systes, and ancther provides the
useof enargy of exiging gecthermd watars.
Posshlearisson of GO, has bean assessad, as wall, for motor trangport of various cgpaaty
and type combingtions from the Georgian partion of Europe-Caucesus-Ada trangportation corridor
within 40-200 million tons of turnover annudly. 1t has been datained thet puitting into operation of the
mein highway infull cgpeaity will cause additiond emissonof GO 2 by theyear 2010within 1.2-2.4 To.
In the indugtry sub-setor assessmants were condudted for branches of metd and building
nmeterid production, mechingry, food indudry, produdion of charicds and peper for the periaod till
2005 and 2010. Growing vaues of arissons have been dbtained for various scenaios, being equd to
the 1990-yeer levd.
Prgetions of repetive QO , emissons have bean worked out d<o for resdattid sub-sedtor,
agricuture forest utilization, nonenergy and ather types of sources
Forecagts of Methene amissons were worked out for the same peiod aooording to different
soanari os for wedtes, agriculture and fugitive evissons from fud. In egricuiturd sector, the possihility
of subgtantid growth of the nuber of domestic animdl's has bean envisaged.
Prgetions of Nitrogen Oxide emissons wae mede meinly with consderdion of mnerd
fertilizars used in agricuiture. For the year 2010 goproximetdy the sare levd of erissions hes been
obtained, as fixed in 1990. Forecast of N 20 emission has bean consdeared d 0 in the indudtrid sedtor
and fromother sources
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1.6. TRENDSOF CLIMATE CHANGE AND VULNERABILITY
ASSESSMENTSIN ECONOMY AND NATURAL
ECOSYSTEMS

Onthebeds o the datladf meteordlogica dosarvations conducted over thetarritary of Georgia
sncethe40-s of thelad cartury, digribution of theannud meen tenparaure over Georgian taritary is
given. For  Thilid, the gation having the longest dosarvationd series, grgphs of meen annud, minimum
and maximum tenperaure vaiation are presanted and trends of changes are estddlished, according to

which during the lagt 100 years in Thilid meen anud dr tenpaaure hes inaessad by 0.7 °c.
Predpitation amount hes dightly changed, but & the same time, wind pesd and nunber of doudless
days have decressad dnodt twice

For the years 1906-1995 changes of meen annud dr tenrperature and thet of warmand cold
peiods ove thetaritory of Georgiahave bean andyzed. A ooty Sructure of the trends of chenge hes
bem reveded, on the badkground of which esddishment of a generd tendency becare posshle
naticsele warring (W to 05 °C) in Eastern Georgia and dight codling (up to — 0.3 °C) in Westemn
Gaorgia. Indicated tendency isnoreramerkably revededin thecdld period of theyear.

The same andlys's hes bean conducted for atnospheric predipitation, as well. The tendency of
gromh of predpitation sums up to 10-15% in anumber of regions of the plains of Georgia and the
tendency of thar decresse up to 15-20% in the mountain aress of the Gredt Caucaaus, epeddly iniits
esgtern stion, isestablished.

Onthebeds of investigdtion of the recurrence of largescde anmogpheic prooesses, dfedting
the Transcaucasia Snce the beginning of the recant century, subdtantid decresse of the influence of
adic aticydone during thewarm paiod of the year and in winter nonths wes etablished in 1978
1998 rdative to 1900-1920, oatain shareinwhichisto bedtributed to the glabd warning.

As areait of the andyds of draigrgphic crosssedtions mede eatlier over the taritory of
Western Gaorgig, the data on the change of the upper limit of the forest, the Black Seallevd, ar
teperature and atnospheri ¢ predi pitation sums: during thelagt 4000 years are presanted .

Using the dotained ddta on dimete change trends and the IPCC projedtions, asssssrant of
vunerdhility to expected dirmete changein variousfidds of economy and naturd ecosystens hes ben
caried out.

In agriculture, the andyd's was conducted for mgjor agriculturd arops. It wes established thet
in cae of tarpardure increese by 1 °C in Westen Georgia the possibility of the expansion of tea
production will be cregted. In Esgtern Georgig, in case of tampardure increese by 1-2 °C, changes in
vinehaves is expected, bath positive and negtive In addition, the sugar contertt of the crop will be
increesad. In mein whet growing aress of the same region dereese of the  harvest by 30-60% is
possble For the considered conditionsin Western Georgia growth of ei ze produdtivity is expected by
304004 whilein Eastern Gaorgia, dueto lesshurridity, it maey be decressad by 20-30%

Asssmant of vunerdhility of rather rich water resources of Georgia far the period of 2010-

2075 reveded possihility of theinaresse of therun-off of meinriversby 4-13% compered with the 1980
levd. In this connetion, it hes bean obtained thet by the years 2010-2030 goproximetdy up to 600

nillion KWh of dedtric energy mey be produced annudly on existing hydro-power plants without any

additiond expensss.

Asarealt of theinvettigeation of the Black Seacoetd zone vulinerability, it hes been divided
into three sadtions, out of which northen ( Abkhezian) and southen (- Ajarian) portions are devaing
withtheraedf 1.5-30mm  yrandthecentrd portion betwean therivers Enguri and  Natanehi issinking
withtheraedf 1.0- 5.6 mmyr. Thefestest Snking is obsaved on Rati-Qupsacoedtline o the catrd
portion. Dueto the g obd warming, during thelast 70-80 earsthe s levd isrdsing parmenartly with
anavaageraed 2nmmy  yr, that meensthat during this period, territory of Rati hes sunk by 0.5 mand
this processwill continuein future Al this causes weshing doawn and flooding of the coettd zone and
aedes dange far the fundtioning of exiding and planned here vary inportant econonric dgjeds. In
addition, the tendency of codling of the surface of the Black Ssahes been reveded, which reeched 1 °c
for the lagt 50-70 years & the coegtd zone of Georgia This resuits in the decresse of the recrestiond
and vepaaion peaiods goproximetdy by 10 days , tha dong with abovemantioned phenomenais
assodaed with grest economicloses
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In comnedtion with the expedted dimate dange some quditdive types of trandfornetion
tendendes in Georgian naturd ecosystaTs have ben reveded, which are conventiondly dassified as
xeophytizetion, meditaranizaion, advatizaionand  laurophyllization. In case of the increese of meen
anud ar tenpaaure by 1.52 oC, thefirg  of themwill be reveded nmost of dl in Eastan Georgia,
where the aidity enduring vegetation is widdy expended. Ssoond tendency is expressad by expetted
expandon of Meditaraneen dementsmeinly in the Black Saacoedtline and foathill area Advatizaion
inplies the process of expected expanson of dreedy pendrated o intruded spedes into neturd
ecosydersand  laurgphyllization inplies invasion of evergrean broacH eaved spedies of new arees, thet
is expected in the mountainous part of Kakhidg, patiadaly, initssouthern regions

Possihilities of widening or decreesing of the expand on area of sgparate pedesin theforests of
Kakhida, Esgtan and Southern Georgia have ben conddared in ddal, as well as the results of
proposed shift of the upper lint of forets by 150-200mhigher.

Expected evaution of vegetation, expanded above the dimstic limt of snoacover, hes been
a0 cond dered asthe expected globd warming indicator sygem

Conddaing thar inmportance as hay fidds and pestures, ecosystars in the Alpine bdt of the
Catrd ad Esgen Caucesss have ben andyzed, dong with supposed diretions of  ther
trandformeti on and menegamant possibilities

Faific compadtion of Georgian forets and thar presat dae ae conddered in ddl.
Asssamants have been nedeto determine their vulnerdhility to revedled and expected regiond changes
o dirge

1.7. ANALYSIS OF ADAPTATION STRATEGY TO EXPECTED
CLIMATE CHANGE

On the besis of the assessmant of vuingrability of separate branches of economy and neturd
eoosysaTs, aplan of adgptation Srategy hes beenworked out inrdevant directions.

In agricuture this plan envisages aredlion of draught-resisting, highly produdive pedes of
agricdturd aops, immuneto diseesss and pedts , corpleeintroduction of ratation of crops, provison
with moigure of agricdturd fidds under crops in order to get two or nore high harvest of annud
aagps. The essatid condition for this is recondrudtion of exigting irrigation sygem  introduction of
srirkling and drip irmigation, as wdl & an inteyaed sysdem of agricuturd menegamat, ful
anvaeness of agrarian public about expected consequencss rdaed to forecasted dimete change ad
other messures

In the fidd of water resources the primary atertion is peid to rationd utilizetion of weter
reouross. In this diredtion, rehadilitetion and expandon of exising sydens of water supdy,
introduction of drip irrigation systas are avissged. Necessity of the decresse of river floods hes been
enphesizad, thet requires condrudtion of weter resrvairs in river gorges, recondrudion of exising
dars, regula deaning of river beds and acoomplishmant of other meesures. Refilling of weter resources
ds0 hes agreat inportance, for which the carrying out of adtivities on pred pitation enhanoament from
douds bath during the warm and cold periods of the year, accumulation of obtained additiond weter
reouross in water resarvoirs and thar highly effedtive utilization in agricdture and hydro-poner
producti on are recommended.

Due to the decresse of the recregtiond seeson in the Bladk Seacoedtd Zone goproximetdy by
10 days condrudtion of new hedth resorts is recommended in the northern and southern parts of the
coedtline To avoid washing down and flooding of the coedtling attifidd dimentation and renforcing of
beaches with concrete condrudtionsis necessary. Soedd programshould be daboraed for  Roti-Rioni
ddtaand theestuary of theriver Supsa, where modermnization of exigting dikes and aredtion of effetive
nonitoring sysem are necessary. According to prdininary assessmants, expensss required for the
redization of adgptation meesures are goproximetdy 7 times less then the damege, that maey be doneto
coedlineinfragtructure and naturd environment in case of the neglect of indi cated processes.

Due to a rddivdy low adgtive cgpedty of naturd ecosygars to dimete change, on the

beckground of their expected trandfornetion, sasding of highly nutrient grassesin naturd dpinefidds
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expanson of wel run hay-fidds a the expense of pesture aress twice ayear condudting hay-mowing,
aedion of cultivated pestures with the irrigation of ardde lands, renewd of destroyed ecosysters on
eroded 4 opes, €c¢. arerecommended.

Anong the meesures, a@ned to conbat the destification on the o Highland of Eagen
Gaorgia, cesss and individud farms should be crested using underground waters, irrigation of winter
pestures should be conducted and fores Shdter-bdts should be areated. On the Black Sea coedlline
fores-perks should be st up using locd rdidt oedies of tress |In foret ecosysens, a nmonitoring
system should be organi zed to assess the res gance geediness of plants ad phytooenosss, to work out
and acoonpish projects on reforegtation and forest growing, firg of dl in the ndghbaring aress of
indudrid centers

1.8. SCIENTIFIC RESEARCH AND SYSTEMATIC
OBSERVATIONS

Inthe 70-s of the current cantury, Hydromgteordogicd Savice of Georgiaincorporated up to
240 metordogicd gdaions and pods which rdfleded with a suffidet acouracy the country’s
meteordogicd regimefromthe sealevd upto 3650 m asl. Thenawork of meteordogicd raders wes
fundtioning, as wdl. At presat, the Georgian Depatment of Hydromgteordlogy incorporates 60
fundtioning meteord ogicd daionsand 1 ngteordogicd redar.

Using conterrporary detaof mateordlogicd absarvations, numerous i nvesti gati ons were carried
out on the dimete of Georgiaand its change, resulits of which are refleted in severd nonogrgphs and
reference books, published in 1961-1992.

At presat, ressarch on indicated problans is treditiondly gaing on & the Inditutes of
Hydromgteordlogy and Geogrgohy of the Georgian Acadary of Sdences. Invedtigation of resort
resouroes of Georgiawes condudted a the Indtitute of Hedthrresort and Fhysiothergpy of the Minitry
of Hedth. Ressarch on separate fadtars, ipulding dimete change is caried out, as wall, a the

Indtitute of Geophysics of the Gaorgian Acadaty of Sdences Prodles of noddling the processes
rdaedtothedimete chenge areinvestigated a some departments of Thilid SaeUnivasty.
Investigations & the Nationd dimete Reseerch Canter of the Departmmant of Hydrometeord ogy

are conducted Since 19%6 in the framenork of the Nationd Qlimete Chenge Program These adtivities,
a6 aresdt of which a nunber of pecdiaities of recart dingte change trends over the taritory of
Gaorgia have ben invettigated, served as a bedis far the project GEQ/'9G/G31, dated in 1997 under
the UNDR'GEFfinendid support.

Duing the inplementdion of this prgedt a number of important investigations have ben
conducted. Anong them some are of theordicd nature Ther amis the forecadting of the process of
globd warming on the besis of the establishmeant of generd regulaities of its devd opmant, teking into
aooount - orogrgphic and dynarric fadtors of aspedific region. Mainresults of indicated investigations are
presanted.

1.9. EDUCATION AND PUBLIC AWARENESS

Growmth of interest to dimete Change problem in Georgia darted Since 1996, dang with the
beginning of the inplementation of respective progran Rdevant work on the dissamination of public
knowedge was caried aut meinly by the Nationd dimete Reseerch Ganter through periodicas, radio
and tdevison. Indicated ativity was procesding epeddly intensvey sincethe adtivation of the project
CEQ9%/G3L In 1997-1998 marbars of the projet published over 20 atides in vaious megadnes
and nengpepars, which are intended both for awide range of reeders and saattific drdes More then
10 spedd TV hroadcagts were aranged, in which the essence of the prodlem and its ralein the future
adivity of menkind wes explained. After eech workshop condudted under the projet, wide press:
conferences were argani zed for the rgresantdives of mess-media, where ssparae agpects of dinete
change problemwere di scussed and ther inportance was emphesi zed.,
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Fadd rde was given in the dissaringion of infornetion, rdaed to the problem to the
Bulletin of the Nationd Qinmete Reseerch Canter, 4 aut of 8 issues of which were published in Georgian
and English and werewiddy digtributed anmong interested drd es bath in Georgiaand eoroed.

Over 20ledtures and presantationswere ddivered at vari ous meetings and organi zations, anong
thema internationd conferences and workshops, conducted by non-governmentd organizations. Prgject
menbers took pat in the internationd trip of “ Airete Train” which wes hdd before COR:3 Kyato
session. Informmetion on prgject adtivity isdso prepered for the webdtein Internet Snoe 1998,

In 1998, & the initiative of the prgedt Manegamat Team a gedd Traning Cater on
environmenta menegament wes eteblished & Thilig Sate Univeraty, which will train hignly quelified
soaddidgs in sgpaae fidds, rdated to the inplemantation of the UNFOOC. The Ganter will conduct
ds regua traning  cources for the education on Aimete Change of gpeddid, working in vaious
branches of econony.

1.10. INTERNATIONAL CO-OPERATION

During the process of preperation of the Nationd Conmrunication, Nationd Qlinmete Reseerch
Canter established dose rdations with UNFOOC Saoretariat and with such intemetiond orgenizations,
a UNDP, UNEPWB,EBRD, GEF, ICA, IIEC, with “Joint inplematation” progras of vaious
oountries. The mein purpose of these contad's is continuation of the adivities in the diredtion of
fufilling commitments to the Convation by Gexrgia ad atradion of investments for the
implemantation of prgjectsto nitigate GHG arissions, which were d aborated during the preparaion of
Nationd Communication.

Represantives of Georgia have been gopointed as expats by the UNFOOC Saxrdaiat and
they ae adivdy patidpeing in the process of reviening Nationd Conmunications of vaious
devd oping courtries

Inportart were rddions with Dutch Jaint Inplementation Program, represantatives of which
visted Gaorga sevad times Some projedt proposas have been subnitted to the US J Rrogram
Negati aions are going on conoamning oneof themwith privateinvestors fromthe USA.

On the bedi's of agreamant, reached in 1998 & the COP4 sesson, Georgiawill partidpate in
the World Bank Program* System of Nationd Srategy for the Qean Devd opmant Mecheniant’. At the
saretime under theinitiaive of internationd organi zations, partidpetion of Georgiatogether with the
Philippines is planned in the joint pratedt, the @m of which is the invedtigaion of the prospedts and
bendfits of 0 een Devd opment Mechenismfromthe point view of host and donor countries.

Paticualy importat and fruiful is the rddion of Georgia with the G- Along with the
finendng of the Hrat Nationd Conmrunication, the project on technicd and econanric feesihility in the
fidd of energy-effidency isin the dating Sage sswdl asthe Prgject amed on the investigetion of the
potentid for svel hydro-power plant rehatilitation.

CE- goonsored “Nationd  Commrunications Support Progrand’ is hdlding an intemnationd
workshop in Georgig, in Septenber, 1999, which will be devoted to theworking out of thepdlicy for the
nitigation of GHG evissons and the mecheniars of itsinplemantation.

1.11. NATIONAL CLIMATE CHANGE ACTION PLAN

For the removd of bariers on the way towards the aoetement of GHG arissons and the
resortion of nationd economy on the prindples of sudaindble devdopmant, as wdl as for the
fulfillment of Georgids commitments to the UNFCCC, the draft for Nationd dimete Change Adiion
Aan has been dabarated, deding with three mein probdlens

- Adgptation of sysers vungabletodimete dhange

- Mitigation of GHG erisson sources,

- Saepdicy.
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Adaptdion andysis, carried out for vulingrable systens hes shown that the most vulnerable
sysamis the Bladk Sea coadtd zone, which hes drategic inportance far the rehahilitation of netiond
econoy and the devd opmant of foreign trade The project, worked aut for the adgptation of this zone,
acoording to prdiminary eimetions, will cost $US 600-700 million, thet is 6-7 times less then the
expacted loss for the year 2030, The ssoond inportant vulngradle systam is agricuture, where the
spadd dtentionisto begiventotheculture of wheat. Suffident atationinthe Adion Hanispad dso
tothe prablemaf rasing thedfidency of theuse of water resources

In the fidd of the aoatement of GHG arissons the mein conoarn is focusad on the energy
sector, which mekes nearly 90%of country’statd emission. A nunber of prgjects hes been worked o,
arong them 6 projeds in srel hydroenergdiics, 3 prgedts in heat and hat weter supply udng the
geothamd enargy, 3 projedts a the use of wind and solar energy end theraise of enargy dfidency. The
proposds are daborated d<o for the abatament of GHG arissans in trangportation and indudtrid
sdorsand for theenlargemant of GO 2 Srksinforedry.

In the gohere of date pdicy the Adion Han ains to take anumber of seps for the fulfillment
by Georgia commritients to the UNFOOC and under Kyato Pratocdl, and for the mexinum use of
internationd ad provided by this wey. In paticua, the necessity is dressed for the aedion of
grudures, which would be responsble for the inplementation of UNFOCC prindples indde the
courtry and for the protection of itsinterestsin the ded son meking processes ontheinterndiond levd.
The expadiaxy is d0 undalined for the adoption of legddive ads promating the mentioned
processss, for thewidening of adtivitiesinthefidd of public avareness education andtraning.
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2. INTRODUCTION

At the gating point of investigtions of dinete in
sgpaae regons of the Eath, dill in the 19th century,
subgantid changes of dimete were fixed in the higtoric pedt.
This fat ipulaed the necessity of condudting dimete change
foeces for the fuwe Vay inpotat becare the
Oglemingtion of treds ad rae of thexe dages They
atracted consdarddle atention dreedy snce the 50-s of the
recat cantury. Until the 80-s the idea about a sdf-deaning
mechanismkegaing adinetesysemadf the Eathin beanceand
thet drong  anthropogenic lceding on the anosphere during the
recat cantury coud not have a ggnificant impact upon the
Eath's thed regime wes prevaling. “ Greenhouse effedt”,
whichistheresut of the presance of Carbon Dioxide and other,
o cdled“ reddive geses’ in the amogphere should nat have
bem intendified to such an extat that to result in irreversble

changes of the Eath's dimete Therdfore, future dimete dhenge would be meinly stipulated by naturd
fadors

However, the andysis of gold tenperature regime, conducted in the seoond hdlf of the 805,
shoned thet such an gptimigtic gaproech to the problem hes no ground and the Eath's dimete in the
ssoond hdlf of the 20-th century reveds auiite evidantly features of glabd warming. As the resson for
this undoubtedy wes named sharp inareese of Carbon Diaxide and other greanhouse ges concantration
in the amosphere due to Hill growing humen technogenic adivity. In paticuar, incresse of QO 2
concertration in the atnosphere by 30% has bean fixed rdative to previous centuries as a bedkground
vdue

All thexearegted an daming Studionin theinternaiond sdertific community & theend of the
80-s. The Intergovernmantd Pand of Ainete Change wes crested by the United Nations speddized
agency, invalvingworld'sleeding meteord ogi s and dimetdoggs

ThelPOC gudied prodemin detail and determined thet in the second hdf of the recant cantury,
the phenomenon of good warming is becanring quite evident and one of the ressons is the increese of
greanhouse gas concerntration in the amosphere duetto the action of anthropogeni C Sources.

Taking into account those catagtraphic consaguences, which will falow globd warnring in the
next certury, the Pand advisad the world's leeders to carry out dfedtive mesares, d@ned a the
decresse of greenhouse gas arissonsin the amogphere Due to the dtention peid by pditidans to the
prodem the United Netions Framawork GConvention on Qlimete Change wes adopted at the sunmit of
theworld'sleaders, devated to evironmentd protection, whichwes hddin 1992 in Rio de Jandro. The
nmein purpose of the Convation is to ke greahouse ges arissions a the 1990year levd, thus
posshly providing the prevention of irreversble processesin theglobd dimetesystem

To achieve this @m during the acconplishmant of Frameaork Convation, different forms of
internetiond  cooperation (Joint Implementation, Brisson Trading, deen Devdopmant Mechaniam,
etc) havebeenworked out. Thar useis envisaged in vari ous documants connected with the Conventtion,
which were adopted during the years diter its putting into foroe, and are directed to the introduction of
noden environmentdly friendy techndogies by devdoped countries in the devdaping countries and
thosewith economy intrandtion.

Formetion of such cooperation between the dates aredtes the condition far eteblishing new
forms of rddion in the world commonwedth, which sarves the fulfillment of renote ans of the
menkind.

Gaoxgan Paliarent raified UNFOOC in 1994, thus teking responshilities to fulfil
conritmants on recording greenhouse ges arission in the amosphere and its limiting, conducting those
meeares, which provide for the ebetemant of emissons

Aacoording to the atides 4 and 12 of the Convention during 3 years Sincethejoining to it, the
courtry should subnit its initid nationd communicetion to the highest body of the Convention —
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Conference of the Patties, reflecting the resuits of theinventary of the gresnhouse ges enisson sources
and removds, caried out in the country, deternining vulnerability of seperate branches of econany and
neturd ecosystars to dimete dhange and the draegy of adgptation to it, presanting the nitigaion
policy and sting upwaysfor its practica redizaion.

For thefulfillment of conmitmentsto the UNFOOCin 1996, the Rresidat of Georga M.
ESevadnadze goproved Nationd dinete Change Program and despite sarious finendd prodes
exiging in the country, gopropriate funds have bean dlocated for itsimplementation till 2000, For this
pupose, Nationd dimete Research Cantre has bean areated in the Departmant of Hydrometeoral ogy.
Despite of thefadt, that as anon-Annex 1 party Georgiawes nat obliged to invettigate mein trends of
dimete change over its taritary, this Program envisaged carying out reserch in thet direttion to
spedify on aregiond levd generd forecast of globd warming. Preparaiory adtivities have been dated
without dday to conpose the firgt Netiond Conmrunication. Rrdininary data bese has been aregted to
condudt gremhouse ges invattary, the andyds of the chenge of mein dimdic damats — ar
teperature and atmospheric pred pitation has been conducted during the 20 ™ century, respetive trends
have been edddished in differat regions of Georgia prdiminary asssssrent of wvunedility in
agricuture weter resources, coastd zoneand naturd ecosystens has ben carried out.

Acoording to intenationd  pradtice etablished for devdoping countries and countries in
trandtion Georgian Governmant gpplied to GEF with the request to assi s in the preperation of Nationd
Communication.

In Sgptenber 1996 pasitive ded sion has been adopted on this prodlemtaking into condideration
the resuits of adtivities dready conducted in thisfidd in Georgia On this bess, under the guidance of
Gaorgan Office of United Netions Devdopment Rrogram adiivities on 2-year prgject GEO'99/G3L
dated snce March 1997 under thetitle® Enedling Georgiato fulfil its commitments to the UNFCCOC'.
In March, 1997 working groups were aregted to acoonlish separate problas of the prgiedt, and in
April, under the Guidance of the Siate Miniger, the Siering Committee was established incorporating
leedarsof dl minigriesand governmentd organi zations, connected to the prodem

Frd resuits of working over the project were summarized a the Initiation workshop of the
proett, hdd in duly, 1997 with the partidpetion of represantatives from Armeniaand Azabdjan. The
ssoond workshop was devd oped to prablers of invertory and mitigetion. It was hddin Decarber 1997
with the patidpetion of Governmant expats from the Netherlands. The third workshap of the Prgject
was hdd in May 1998 in the form of an intemetiond meding of speddigs, working in the fidd of
dimete dhange At dl these medtings, separate parts of the Nationd Conmrunication of Georgiawere
discussed in ddall, that provided for its gopropridte corretion and bringing into accordence with
internetiond gandards.

Results ootained during the Prget, were systeeticdly published in aspedd Bulldin of the
Naiond Qdimete Ressarch Canter, which wes didributed anong interested organizetions bath in
Georgia and abroed. 8 issues of the Bulletin have been published, out of which the lagt 4 issues—in
Gaorgian and English. These reaults were dso widdy covared in paiodicds, on redio ad TV, in
spadd ledtures and presantaions.

For the inplementation of the project on an adequate levd, the atradtion of awide range of
spaddigs from a number of organizations become possble In paticular, the fdloning departmants
and indtitutionstook part inthefulfillment of theprgject:
= Minigry of Evironmant of Georgia

- Depatmant of Hydromgteord agy;

- Naiond Qimete Ressarch Cante;

- Man Adminigration on Atmospheric Air Rrotedtion.

Minigry for Fud and Energy ;
Minigry of Econany;
Minigry of Hnenoe
SaeDepatment of Sdidics
Sae Depatmant on Forediry;
Georgian Acedamy of Sdences:
- Inditutedf Hydrometeoral ogy;
- Indituteof Batary;
- Vahusti  Begrationi Indtitute of Geogrgphy,
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- L. Davitedhwili Inditteof ~ Pdeochidogy;,

- M. Nodalndituteof Geophysics
= |vane Javakhidwili Thilid Sate Univarsty;,
=  Cante of Agricuturd Eocdlogy of the Acadamy of Agriculturd Sdences
= Thilig Agaian Univasty.

Within the accomplishment of the Rrgedt, the firgd nationd inventory of greanhouse ges
arissions and sinks hes been caried out. On the bed's of these data, it becae possble to cary out
quartitative assessmant of greanhouse geses, amitted from Georgian territory and to esddlish eisson
dynanics before and dter the bregk up of the USSR Taking into aooournt the conrplicated nature of the
process, the data of other years dong with those of the bese 1990 year were conddared as wall,
reflecting bath the pettern of non-ddibarate decresse of the arission and possibility of its future
increasein vari ous branches of the econonny.

On the bed's of the assessment of vuingrability of various branches of economy and naturd
eoosysas to dimete change, mein diredtions of adgptaion Srategy have been worked out, which
savead as abeds dong with dinmete change nritigation messures, for the aredtion of Netiond Climete
Change Adion Han.

For the nitigation of Cimete Change, the andyd's of messures directed to the abatament of
greanhouse ges aissons damondrated the posshility of the inplerentaion of a nuber of spedific
proeds in Gaxrga To ahieve this am and usng Joint Inplarentation, dean Devd opmantt
Mechanism and ather forrs of globel cooperation, dong with the preparaion of the Hrst Nationd
Communication, over 10 proet proposads have been worked up, conddeing accorplishmant of
environmentdly friendy and energy-effedtive projects using sources of renewell e energy. Two of them,
one of which deds with the increese of energy-effidency in munidipd heat-supplying systars, and the
ather — with the rehahilitation of smel hydro-power plarts, have bean dreedy goproved by the GE-
Above mentioned and the falowing projects will gipulae foreign invetments in Georgia, and thar
environmentd protection srategy will subgtartialy contribute to the formetion and inplementaion of
the Alan of Qugtainadle Devd apment of the country’s econamy. In comnedtionwith this adtivity thedose
pergpedtive contadts have established bath with internationd organi zations (GEF, UNDP, WB, EBRD,
etc) and anuber of privatefirmsfromAugrdia USA, the Netherlands and ather courntries

During the process of conduction of inventary and working out of the strategy for theritigation
of dirmete dhange, anunber of difficulties arose They are connected with thelack of rd evant datisticd
deta, conoarning the years of econonric depression dter the didntegration of the USSR and the lack of
goproved plans for future devd opment of various branches of econony, as wall. To fill the data ggps
methendticd modds were usad in a nuber of casss dlowing the prgjedtion of greenhouse ges
arissonsinvaiousfidds of economy using different soenari os of the econonri ¢ deve opmat.

To fufil the country’'s commritments to the UNFOCC, concertration of the effarts of anumber
of Minigries and Departmants has become necessary. In the firgt phese of the prgjedt, the function of
this consalidating body wes paformed by the Seaing Comittee of the Rrgedt. In the next phese of
the prgject fulfillment, it becorme evidant, thet such goproach to the proldemis not enough to olve the
gregt nunber of conrpli cated problams, which areaising in agroning scdein the country. This cregted
aprereniste for the aredtion of the UNFOOC Nationd [mplamenting Agency, which will coordinete
dl kinds of adtivities connected with dimete change problemin futureand will berespongble befarethe
Govenmat and intemationd orgenizations for the fulfillment of dl odligetions envissged by the
Framenork Convertion.

Present Nationd Conmrunication ains to aoquaint interested drdes of the World Gommmunity
with the firg resuits of adtivities caried out in Georgia on the dimete change prodem and to reflet
those effarts which are to be mede by Georgiain the next cantury to mitigate dimete dnange and its
undesirabl e consequences.
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3. NATIONAL CIRCUMSTANCES

3.1. GEOGRAPHY

Gaxgiais Stuated on the southern dopes of the Greet
Caucadan Range ad on the nathemn dapes of the Sl
Caccasbawen 40  °ad 47 ° of theesten diitudeand 41 °
ad 43 ° 30 o the nothem ldtitude It is bordered by the
Bladk Sa from the wett, on the narth its border with the
Russan Fedaradion meinly pessss on the Grest Caucass
wetershad On the Eat it borders with Azarbdjen and on the
Southwith Azerbdjan, Armenia and Turkey. Tatd area of
Georgiais 69 700 km 2 18 200 km ? (26.1% of the whde

taritary) is Stuated & the dtitude of 0-500 mabovethe sealevd, 13900 km % (19.9%4 between — 500-
1000m 24 100km 2 (34.6%) - & the dtitude betwean 1000-2000 mand 13 500 km 2 (194% — higher
then 2000m

The mountainous rdief detamines the dvearsty of Gaorgids physicd geography. The Likh
(Suram) Range whichispessng over theoatrd part of Georgiain amaidian—likedredtion, in goite
of its rdaivdy low dtitude (no more then 1000 m above the sealevd), divides the country’s taritory
intotwo different regions, thet meinly isrefletedin dinete pecdiaities

Western Gaorgiais desoanding with dopes of the Gregt Caucaaus Likhi end Mekhdi ranges
tothe Black Salike agigantic arphithester and famrs KdkhidalLonand triangeinthe lone pat of
theRve Ron.

Westen ssdar of the Gret Caucasus bordars in this region the highest paint of indicated
sydem—Mt.  Bbrus(5642 m) andtothesouth Meskheti Range reeches 2 850 mabovethe sealevd.

Eagtern Gaorgia hes rdatively more conplicated geography. Its catrd part is cooupied by the
vdley of theRver  Mtkvai  (Kura ), desoending uniformly fram Likh  Rangeesstwards. Fromthe Narth,
southan dopes of the Grest Caucasus are desoending to this vdley. The seoond highest point of the
Caucaaus Mt.  Kazbek (5 033 ) is ereted on thar northen border. Esstward Up to the border with
Azartdjan, rather high (4 300-4 500 m) row of summitsis gretiched. Fom the south the vadley of the
Rve Mikvai bordes  Javekheti vdcanic udand. Its oatrd pat is ended by Ssi Rage the
highest paint of which, M. Did Abuiresches3 30Lm asl. Hae a thedtitudeof 2 100 mabovethe
salevd Lake Paavan islocaed. Areaof its water surface is 37. 5 km 2, Ezdtam pat of indicated
Region( Kakheti) isocooupied by southern branch of the grester Cauceaus— Tdvgomboi Rangeand o
udland, haghts of which vary within 800-2000m

Westen Gaorgig unlike Eagemn Gaxga isrichinrives Mogt of themaretaking thar source
fromthe Grest Caucaaus and are pessing through Kdkhida LoMand floning into the Bladk S The
lages locd rivasae Roniand  BEnguri, rich hydro-energy patertid of which is usad by anumber of
hydropower dations The nein river of Esgten Georgalis Mtkvai, teking its source in Turkey, and
pessing dter Gaorgathrough Azerbdjan. The Kakhdi Regionis arossed only by two rivers— Alazani
ad lori. They gat on the southern dopes of the Grest Cauceaus and flow into Mingecheur Resarvair,
located in Azerbdijen and fed meinly by theRver Mitkvexi.

There are dozas of lakes of diffarat aigin on the taritary of Georgia Sore of them ae
remarkablefor thar Sze such asdreedy mentionad Leke Paavan, sswdl aslakes Pdiagomi (surface
ae—182km 2, Taaskui (142km %) ad Jadai (106km 2. Marethen 20 regulating resavairs are
condructed on a number of rivers: Svans are concantrated in the country reinly in the Kdkhida
LomMand, cooupying gopraxinetdy the areaof 600 km 2, Asto gades, ther totd areain the oarntrd
pat of the Grest Caucasus reeches 511 km 2

Thecgatd of Georgig Thilig, with thepopulation of L5 million, isstueted intheveley of the

Rve Mikvai. 20 kilorgtes avay from the caoitd is located Rudavi, indudrid dty with the
populaion of 200 000. In Westamn Georgia, the mein dity of the Region — Kuasd is dtuged in the
vdley of the Rver  Rioni with the populaion reeching 300 000. Other large Georgian dities Baum,

Rati add  Skhum arelocated onthe coedline of theBladk S
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3.2. CLIMATE

Aocording to the divarsity of physicd and geogrgphicd conditions dnogt dll types of dirate
ae presated ove the taritay of Gargia exogat the dimdtes of svareh ad tropicd foreds
Egpeddly shaply this vaidy is reveded in Western Georgig, whare dinetic bets coprise bath
hunid subtropicd zones and of parnefrodt, while diredt distance between themin some cases does nat
exosd 70-80km

Hidgh nountan sysemof the Great Caucasus prevants the direct penetration of cdd air messes
framthe Narth into thetaritory of Georgia Therefarg, even ardtic penetrations get armitigating inpect
on the water surface of the Bladk and Cagpian Sess as areault of trandfornretion. While pessing from
theWest to Likh Range thedr messes are foroed to move upward, thet is aooompenied by intendve
predpitaion. Dueto  foan efet such prooessss in Esgtarn Georgia are dosarved vary often without
predipitation. Thistypedf draulaion processssisthenodt freouent in Georgig, afecting ditribution of
predpitation over itstaritary.

The Black Ssacoedd zoneis charadterizad by huid subtrapicd direte, though even hereis
dfference betwem its nathemn and southen sadars Meen anud ar terpardure in Skhumi ad
Baumi mekes 147 ° ad 145 °C regpedtivey, with an bsolute mrinimmum of -16 °C. Amud sus of
predi pitation meke 1500 and 2500 mmrespectivdy. Inthewestern pat of Meskheti mountain Range, in
adbout 20kmfrom  Bauni theeisamdaexrdogicd dation, where anud sumdf predpitaion reeches
4500 nmm The whdle taritary of Westemn Georgiais under the influence of the Bladk S Thet is
eqressd by nild winter, hat sunmer and rddivdy abundant predpitation. In the mountain regions
rmeen amud ar tavpaaure hare mekes 6 °10°C, and in the high mourtain zore it vaies within 2 %to
4°C. Absdlute minimum hee fdlls respadtivdy doan to - 30 ° - 35°%. Innod pats of the region,
anud predpitation sursfluduatewithinanintavd of 1200-1600 mm whilein high mountain regions
it resches 2000 mm

dimdeof Esgen Gaorgais subdtatidly of continentd neture Onplansit isdry subtrapicd
andinthenmourtain rejorsit is of dpinetype Mean ar tevpadureon plans vaieswithin 11 °.13°C,
in mmountan regions — within an intava o 2 0.7°C. Absdlute minimum resches repedtively - 25 ° .
36°C. Amud pradpitation sums vary respedtively from 4004600 mm to 800-1200 nm Absdlute
meximum of ar tarpaaure reeches 42 % C on the valeys néighbaring Rver Mtkvai  in the southemn
aeadof Esgen Gaorgiaand absolute minimum fdls down to- 42 ‘Conthedopedf Mt.  Kabek & the
dtitudecf 3650m  asl . (mgeordogcd ddion  Kabeg-high nmountan).

Meen tarpaaure of the cddest month of the year, January, on loMands of Westemn Georgia
mekes5 °-7°C, and ontheplains of Ezstem Gaorgiavaieswithin - 1° to+1 °C. Men terparature of the
hattest north, Uy, mekes22. %-24°Cinbathregions

Duing the odd period of the year gable snow cover does nat formin bath regions of Gaorgia
Up to 400 mabove the sealevd. In the western sation of the Great Caucasus and in Wiesstemn Georgia
dabe sow cove foms fram the dtitude of 500-600 m ad in the eestan sdion of the Gest
Caucasusfrom the dtitude of 2000m Durdion of a gable snow cover inareesss from 10-20 days on
plansto 100-150 days in nountain regons. At Soe mountain gaions of Westem Georgiathe height
of show ocover reeches 46 m Loner it of the pamenant snow cover in the western sedtion of the
Great Caucaas vaieswithintheintervd of 2700-3300 m and in the eesten sedtionwithintheintervd
of 3300-3600m

Men avud dudion of sda reddi on ove the taritay of Garga does not change
subdatidly ad ove the modt pat of the taritary its vaue vaies within the range of 19002200
hours In the high mountain zone, where doudiness is frequant in some places;, this vaue deoresses
doan to 1500-1300 hours

Orogrgphy o the taritory dipuldes peadiaities of wind regime in Georgia In the westemn
regon, breeze arauaion is conddaradly reveded, and in Esgan Gaorgig, mountain and valey winds
ae prevdling, expeddly in the vdley of Rve Mtkvai. The nogt frequent and high winds ae
daeradeidic for the mountain and high mountain pesses, where meen annud wind speed reeches 55
90m’s Thisvduevaieswithintheintavd o 4-6 msinthevdleys o therivas Roniad Mtkvai.
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Aveaage wind spead does nat exosad 2-3 mis in the vdleys, covered by forets Fdling of the diumd
menterpaauebdon10  °Cinaturmandinaessing aboveit in garing (hesting sesson) ontheplains
of Westen and Esgtern Gaorgiaekes 120-160 days This v ue inaresses from 160 days to 220 days
within therange of 500-1500 min nountain zong andin high mountain regions-a the dtitude of 2000
mand higher duration of hegting pariod reeches 280-320 days Until the cdllgpse of the USSR heting
fadlities in large dties fundtionad meinly conauning ges and ail, and in the villages wood wes usad.
Snce 1991, asaresuit of theladk of fosdl fud, dty population meinly uses dedtric power for hegting
purposss Insume dr conditioningisusad meinly only inlargedties

Grest numher of valeys covared by foreds aede lage dvasty of dinetic hedthrresort
resources Along with the hedth resorts of the Black Sea coedt, mountain hedth resorts of Georgia,
suchas Bakimao, Abesuren, Shovi, Bakuian, Bojori, Mangid, Gudaui dc, aewiddy knoan,
aswdl asthe hedthresorts farous far thar minerd waters— Bajoni, Sdme Java ec Rearediond
and tourigt indudtry may become one of the most profitebl e branches of Georgian econony infuture

3.3. POPULATION

Populaion of Gaorgia hes doudled in the current oantury. According to the 1913 population
ogausitstotd nuber resched 260 million, 74.4%df which lived inrurd places and 25.6%- in urben
sdtlemats Bdare the World Wer 11 (1939) the populdion of the country inareesed to 355 million,
T0%af which livedinthe countryside, and 3%- inthedties The 1989 figure estimeted the populaion
increeseto 545 million, 44%df this conorised therurd population and 56%- the urben popul aion. At
thistime22.8%df thetatd populaion (124 million) lived inthecaatd, Thilis.

The ddnteydion of the USSR gopeared to be a gating paint for an intengive migrdion of
population. Asaresut of thisprooess, during 1990-1997, more than 218,000 people by offidd sources
and 700,000 by non-offiad detaleft the country. The ongaing ethnic conflict in Abkheraforoed about
300,000 Georgian resi dants of theregion to fleefromthar homesto the dfferent dties of the country o
evan to leave the country. By the year 1998 the ganard pidure of the populdion of Georgiais as
fdlons Thilig —15million, Kutdd —300000, Rwgtai—200000, Baumi -150000, Zugdid —100
000, Goi —80000, Rati —60000. Thepopulaion of Skhum comprised 122 000 by theyesr 1991

By the 1998 edtinetes thetatd population of Geargiacomprises 4.7 million, 3million of which
liveinthedties  Fom 1980 to 1990 Carbon dioxide annud arission per cpitawas onthe avarepe 8.6
tons Sating from 1991, asareaut of an econonric deding QO 2 anud arisson decressad to 2.6 tons
per cpita

According to offidd data, nunber of econanricaly adtive population in Georgiain 1997 mede
22 nillion, ot of which gyroximetdy 350 thousand people waere unerployed. HAf of the
econamicdly adtive popudion is sdf-enpoyad This refers expeddly to rurd regons where land
privatization reated in ashapinoresse of sdf —amloyess Nunber of unenployed pansoners whose
dfidd incomemekes aneterth of theliving minimum reeches gpraximetdy 200 thousand.

Popuiation increesein the 1980-s mede about 1% ayear. Snce 1991 areverse process darted,
i.e population dereased annudly gopraximetdy by 1% during 1991-1995. Birth-rate fdl from 89,000
in 1989 to 57,600 in 19%4. This processis Hill gaing on, thet is proved by the fadt thet in 1997 the
nuber of nenborn dhildren mede only 53,000. Acoording to 1990 deta, durdtion of life mede, an the
avaae 726 yeas (for women - 76, for men - 69). Snoe 1991, as aresut of worsening of the sodd
and econarmic conditions, and dueto éhnic conflicts and ilitary adtions;, this va ue should be decressed
for some extent during the recant years Sdidicd detaon this prademare nat avaldde The number
o illiteratesis not congdardle Thar number among the population ebove 15 years of egemekes 1%

3.4. GENERAL FEATURES OF THE ECONOMY
Gaorgian econony wes acondtituant of the gigantic Soviet sysem Econonvic rddionsbe twean

former Svid repubdiics were dimost conpletdy destroyed dter the bresk up of the Soviet Union. Due
to ahigh levd of speddization this gregtly dameged the Georgian economy. Georgian indudtry wes



3. NATI ONAL Cl RCUMSTANCES

conddaradly dependant on ather repuldics, espaddly on the Russian Fedaration, fromthe paint of view
o rav metaids, soare pats market and fud. 25% of dedric power, consumed by Georgiain 1989
wesimported, sswdl asdnogt dl fud and gas, over 8% df tinber, gopraximetdy 50%df carat and
dmogt A% of raw meterids used in thelight indugtry. 60% of deiry produds, 50% of wheat and over
0% of consumed mest ware do inported from outsde In the ed of the 80s trade played
conddadde rde in the econoy. Inport and expart together mede dmodt a hdlf of gross domegtic
product (GDP).

Befare the sgpardtion of Georgia from the Soviet Union, indudtrid sector wes well devel oped.
Its mein branches were mechinary, metdlurgy, dhamicd indugtry and produdiion of buillding neterids
light ad food indugtry, produdtion of arplanes and dedronic indudry. By the year 1990, 40% of
production bd onged to food indugtry; next wes light indudtry, produdng consumer goods (fatric, hoes
fumiturg dc), mining indudry and metdlurgy decressad fram 1096 of the 1970 produdtion to 4%in
1990. Sncethe cdlgpee of the Sovigt Union, the price of energy-carriers hes catastrophically inaressed,
due to which mogt branches of indugtry dowed down ther fundioning to minimum, or opped, & dl.
Shared indugry in GDPduring the pedt period vaied withinthefdloning lirrits (Table 34.1)

Table34.1 Sared men branches of econony in the Gross Domestic Rrodudt (%9)

Branch of economy 1990 1995 1997
Indugtry 36 13 18
Agiadture K7 4 0
Savices K7 13 52

Tod 100 100 100

In this teble industry indudes building industry and other branches of neteid produdtion ad
thesavicssindudetrade, trangport, commrunicetion and ather branches of nontmeterid production.

Snce 1996, due to pditicd gdhility, pudic tranquillity and a dow, but gadde course of
eoonaic refoms, gradld improvemant of mein econamic indices begen in Gaorgia, Patticdaty, if in
1995 the GDPwes 370 USH per capita, in 1996, according to dffidd deta, thisvaduemede 750 USE, in
1997 it increesed up to 890 USH. The year 1994 is dharactarized by the lonest econoic conditions
when GDP pa caoita wes 3650 USH. Presated figures are besed upon the Sate dffiad deta But it
should be nated here as wall, thet aconsderable shere of GDP, bath during the Soviet period and &ter
its bresk up, wes mede by informd sector. Acoording to differant assessments this dhare vaied within
40-60%6for thelegt years The Govarnmant of Georgiagtarted to carry out various messresin 1998 to
Oecresse condgdarably this share and to eadicate the corruption. Inrovemant of the econamy wes
favored by the introdudtion a new mongary unit - Lai in Sgtarbe of 1995, daadeaized by
sonificat gehility. Duing thelegt 3yearsit dianged withininteva from1.25t0 230 rdaiveto USh

Agiadtureis treditiondly one of the leeding sattars of Georgian econonty. Qut of the whde
taritory of Georga—69,700km 2, forestsoooupy 20900km %, 35200km 2 are cooupied by aop fidds
700 km by dties axd3800km 2 aenat ussd. The latter indudes the aress covered by stones, rocks
sowanddgades shvarpsandwae.

Thewhde aeadf aadeland wes used in 1997 as fdlows Tatd area of ploughiands under
anud aops mece 10 880 km 2 660 km ? ware under teaaops 270 km 2 were oooupied by plats:
Vineyads took over 1410 km 2, orchards oooupied 1430 km 4, vegtables and potatoss 420 km - 2, hay-
fidds1610km 2 ad18540km *wereusad aspestures

Nunmber of domegtic animdlsin 1997 wes digributed anong thegroups asfdlows: cattle—1.03
nillion, shegp and goats — 583 thousand, pigs — 330 thousand, harses — 28 thousand, poudtry — 14
millionand 114 thousand.

41thoussndkm 2 of atotd ares, covered by forests (29.9 thousand km %) ae under coniferous
Spadies ledt-bearing tress and bushes are expanded ova 58thousand km 2 Up to 60% of forests is
goreed onthesegp dopes meking their indugtrid Utilizetion difficult
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3.5. ENERGY PRODUCTION

Ore of the gedes pradlars of an indudrid s dor ad econony, as a whde is enargy
produdtion. Acoording to vaious essesaTantts the country a presat gdts only 20% of necessary
enagy, neded to stidfy its primery nesds. A vidous dirde hes bean aregted-econamy can nat devdap
without auffident enargy supply; & the sareting it canat supdly energy without suffident incone
fromather settars of economy. The source of this aigslaysin the Soviet sysemdf energy supply and
conaunation, whichwes cheradterized by lowtednicd and orgenizationd levd.

Dueto thefatt thet Georgiais vary rich in hydro-energic resources, hydro-energy produdion
higoricdly hed aprimary inportance A tatd vdue of river rundif ove thetaritory of Georgaiis, on
theavaae 66km 2 ayesr, and its hydro-enargetic patertid is 25 mrillion KW in power and 219 billion
KWh in output. Themrd power plats (meinly those of Thilis and Tkvarddi) saved for the bese
enagy produdion and nostly operated on inparted fud. Dynanics of dedric energy conaunyation and
produdtion during thelagt two periods (during theexigence of the URSSand diter itsddntegration) are
presmtedintale35.1

Table35.1 Consuntion and production of dediric enargy in Georgia(million KWh)

Years 1985 1988 1993 194 199%5
Conaunpation 16746 18114 10771 7963 7340
Rodudtion 14421 14550 10150 7045 7082
Inpart 235 3564 621 918 78

Thistae dealy illusrates degraddion of the enargy bedis during thelagt 6-7 years the mein
resson of whichisalow levd of meintenence on hydro-power plarnts and ther overlceding due to the
adfidt of fossl fud intherd enargy produdtion. If in 1990 hyadrod edtric Stations produced 53%of the
tatd energy output, in 1996 the sare index mede 83% And it heppened while hydrodedric gations
thared ves, produced only about 60%/6(6.12 hillion KWh) of ther capeaity.
Vey ramarkable are danges in the srudture of consumpation of dedtridty. Share of munidipel
consunrption incressed from 16%6in 1990 to 52%in 1996. Respedtivdy decressed the share of indugtry
from 48%to 12% Subgantidly inoressad tatd |ossss in low-and highttenson neworks: In 1996 this
index reeched 23% ingeed of pamissble 1618% Such drupt inocesse of the munidpd ad
resdatid share dte the adlgose of the USSR wes conditioned by the falure of exiding sysars of
thermd and hat water supply dueto catagtraphic growth of prices on inrported fossl fud. As aresut,
population hed to use dedric enargy in winter for hegting purposss. Subdtantidly incressad, as wal,
illegd autting of forests since under the ladk of dedric energy wood gppeared to be the only rdigdle
source of heting.
Anatha  resson of worsaning the conditions wes the fait thet extraction of locd ail in the
Republic decressad from 3.3 rillion tans (1933) to 50 thousand tons (1994-1995). In the sae menng
wes decressad cod rining from 1.8 nillion tons to 50 thousand tons, respedivdy. Consunytion of
returd gesfdl doan  fromShillionm  ® (1989 to Lhillionm  ® (1996).
At presat, prgected annud output of 60 hydrodedric plats, oparating in Georgian enargy
sydem is 10 billion KWh, out of which 84 hillion KWh is produoed by 28 fundioning large ad
mediumg zed dations
In addition to thet, hydro-energdtic patent id of the Republic dlows the congtrudtion of about
20 lage mediumand sl hydro-dationswithtatd output of 30 hillion KWh. Themodt effedtive part
to beinplarated of this genad direttion is rehahilitation and recongrudtion of exiding gaions thdt,
in case of the avdladlity of necessary investmants, can produce additiondly 2.0-25 hillion KWh of
enagy duing the neret svard years. In patticular, about 80 sdl hydro-gidions have ben reveded
with a tatd cgpedty of 350 MW, recondrudion of which is possble within 1-2 years. Qut of 15
opading & presant ardl hydro-gaions cgpedty of which mekes 80 MW, 7 are privaized and 3 ae
rented. Progoedts for the devdgpmant of powerfu enargy produdtion system in future are diredtly
comected with the congrudion of 2 large hydropower plants Anong themthefird is Khudoni hydro-

27



3. NATI ONAL Cl RCUMSTANCES

ddion onthe Rver  Bngui (cgpedity — 700 MW, output — 1.7 hillion KwWh), and the ssoond one -
Narekhvan hydogaionontheRver Ron (250 MW and 914 hillion KWh, respedtivdy).

Due to the seesond ndture of the accunulation of hydro-energtic resouross, great atattionis
peid, a presart, to bedc themd enargy produdtion, consuming fossil fud. Out of the bove-mantioned
two mein themrd dedric plants only Thilis ( Gardebeni) plart is oparating with ingtdled capedity of
1850 MW.  Tkvaddi themrd plant with ingtelled cgpedty of 220 MW hes nat been oparating during
the lag years due to its ovardl darege Because of an extrardy low levd of tedricd equipmat,
dfidency of Thilid themd power plat is vay sTdl ad its red cgpedty does nat exossd, on the
avaage 700 MW. For inganoe energy produocad by Engui hydro-dation tatdly mede 3.08 hillion
KWh in 1995 ad that o Thlis themd power pat 070 billion KWh. After gopropriate
recongtrudtion, theoutput of this plant may reech 3-4 hillion KWh.

3.5.1. ENERGY RESOURCES

The prodemdf besic enargy produdtion deve opment is directly connected with the prodem of
the avaldility of fossl fud and its consunpation in Georgia Corfired resarvees of cod in Georgia
meke a presant 432 million tang and the patartid resarves exosad 700 nrillion tons Tkibdi mines
which fundtion for over 150 years, gave 3 milliontons of cod in 1960. By theyear of 1990 nrining hes
decregsed here to 1 million tons and in 1997 — to 5 thousand tans Acoording to the Govammant
deddon, edopted in 1997, these nrines areto be rehdhilitated, as aresult of which thecod nrining levd
should reech 1.5-20million tonsannuly. Onthisbed's, condruction of Tkibui thed power pant is
planned, asswell, condgting of severd lodkswith 100-150 MW power esch.

Forecegted resaves of dl in Gaxrga ae etinged to be 375 nillion tons In 1933 all
produdtion in Geargia reeched 3.3 nillion tons, and by the year 1990 it decressad by 95% and mede
only 181 tons This deoresse wes causad bedicdly by the exhaugtion of dd depodts lak of all
progpedting warks and investments. Country’'sdemendinail, a presant, mekes gopraximetdy 5 illion
tonsamnudly.

Baumi al rdinary, built in 19505 output of whichin 70-sand 80-smedeanudly 3-4 nillion
tons of ail produds meinly opearated on inported aude ail. At presat, the fatary refines anudly
goproximetdy 600 thousand tons of all, trangported meinly from Azerbejan and Kazekidtan deposits
It is planned to renehilitate and expand the fadtary fundamentdly in future under the assgance of
Jppereeinvesors

Urtil the presat tine it hes bean condd aed that the resrves of naturd ges in Gaorgia ae
grdl. Rrodudion of neturd gesin 1990 mede only 60 million m’, thet satisfied only 1.2%of domestic
darend. Progpecting works, condudted for the legt paiod, mede it dear thet thareis Suffident resarve
o ges in the Gaorgan sedor of the Black Sea shdf with totd output edtimeted in 1.8 hillion m 3
anudly.

Gaxgaisvay richin renenede enargy resources, epeddly in hydro-energy resources Asiit
hes been noted above, tatd energy resource of Surface runoff reaches 219 hillion KwWh, out of which it
is tednicdly feasble to produce 40 hillion KWh of energy a about 300 dedtric Sdions of vaious
capedity. At presart, only 20-25%af this patentid can be usad,

Theoreticd resouroes of wind enargy in Georgaare edieted in 1 trillion KWh. In the rentte
future, produdtion of 2-3 hillion KWh of dedridty may be condidered econonvicdly reesondde It isto
be nated, thet due to non-unifarm neture of this energy source its Sharein tatd produdtion of enargy
system should nat exosad 7-10% On the bedis of gopropriate investigetions carried out in Georgia,
svad regos have been dedted, whare condrudion of wind plants is econonicdly pronising.
Paticualy, it is planned to congtrudt a windlamonthe  Likhi Range sgparding western and essten
pats of Georgag with 100 MW cgoadty ad 500 million KWh expeted anud  produdion.
Condrudtion of 5 MW power and 7 million KWh output dation is possble near the port of Rati, ad
near Batumi - thedation of 50 MW power and 106 million kWh output. Rromising Stesintheenvirons
of Kudg, Thilig, and  Dedopligskaro are d<o idertified. Acoording to vaious edimgions, e of
wind powner intheenergy bl ance may meke 1.5-2%by theyear of 2020.

Sda enagy, dueto anurbe o its advanteges, dtradts now an inreesing atertion in mery
countries and arong tham in Gaorgia Im 2 of Geargian taritary theoretically gets 1300-1800 Kwh of
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a eagy anudly |, out of which predticdly may be used 300-500 kWh. Duration of the fundioning
of hdioingdlations under Georgian conditions mey neke 1700-2200 hours Theharedf Sda enargy
in taid consumpation, under the conditions of hdio-enargy produdion devdgpmant with gopropricte
rae, mey meke 0.5%by theyear 2010, and 1%- by theyear 2020.
Due to grest expandon of forests Gaorgiais rich in the most widesreed and acoessible type
hioress—the firewood. Overdl resouroes of wood in forests meke gproximedy 44 millionm 3 that
gvenoeten 8 m ° o vdue pa cpita As it wes indicated ove, forests are predominartly
expandad on gegp dopes of the mountains,; complicating rationd usage of wood and reaudting in forest
at ou in exdly acessble plaoss Avarage incemat of wood per 1 ha mekes 1.8 m 3 anudly.
Eodagicdly bdanoed paissblelevd of autting is etimeted as 36 millionm 3 amudly, ie 06-11-
m° per cpita
Gaxgia hes a auffident resave of geothed waters As a redt of condudted progpedting
adivities it hes been idantified thet dedit of 50-110 °C thamrd weters can meke 220250 millionm 3
anudly. Ovadl aeadf thamd waters ooopies 24thossndkm ) i.e 3% df thewhdetaritory of
the country. Because of such an aeadf expenson and dueto low levd of mingdizaion (0422 gfl)
the consunation of themdl waters hes agreat pargpedtives in Georgia. In the nearest future, they ey
be usd for providing about 1.5 rillion people with hat weter and hedting, as well as provison of the
fundioning of greanhousss, incubatars and ather econamicdly inpartant enterprises. This branch of
themd energy produdtion is espeddly pronising due to the posshility of dgnificat ebetemat of
gerhouegsansons

3.5.2. ENERGY PRODUCTION AND CONSUMPTION

Asit hes bemn nated above bregk-up of the Soviet Union resuted in besic dhanges in enargy
proouction and consunrption. This process wes ganedly illustrated by Teble 351 More odaled data
onthesedanges are presanted in Table 35.2. It showsthat, after 1991 the sharpest changes undenwert
consunption of fosd| fud, though, Snoe 1996 ail share began to incresse conddaradly, thet mey nat be
sdd about neturd ges and codl. Neturd ges which is inparted from Russia and Turkmanigan, is
auppied a presat only in alimmited amount to soe of Rugavi enteprisssand to Gaddben thedl
ponver plat. The retordion of cod produdion is comnetted with the condudion of a number of
messures, planned up to the year 2006. This Table shows as well, how intendvdy is fundioning now
Gaxrgan hydro-enargy sysem output of which is festured by a sufficet séhility, and its shareina
tatd output of energy produdionisrather large and variesfor thelagt yearswithin 70-90%
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Table35.2 Dinaricsdf energy produdtionin Georgia (1980-1997)

. Saed Ql Produdtion .

Hw'm Amorgthem hydroenergy (induding ges Roadion o Rrodudtion of

Yexr of dedric ity | hydroenargy proccion e (10 ° neturd ges o (10 *1)
(millionkWh) | (millionkWh) o 0 (10° m°)

1980 14687 6410 436 3186 20 1860
1985 14421 6250 433 552 69.6 1674
1986 14571 6057 416 179 415 1712
1987 14550 7693 529 183 474 1620
1983 14600 7748 531 186 511 1426
1939 15825 8788 5.5 185 594 1152
1990 14246 7600 534 186 599 956
1991 13376 7041 526 181 44.9 693
1992 11520 6515 56.6 125 379 181
1993 10150 7315 721 88 218 8
194 7045 5101 724 67 114 44
1995 7082 6333 0.1 43 33 43
199%6 7233 6120 845 128 33 2
1997 7172 6062 845 1A 0 5

Change o enargy output in various branches of Georgian econonty is presanted in Teble 35.3,
Taking into aooount the abovemantionad processes, this table shons averagad deta far the pariods of
1980-1991 and 1992-1997.

Tae35.3. Changed enargy genardion in Georgiaduring the period of

1980-1997 (Y%ointotd output)
Avaagevdues
No Brandhes of enonony and sub-branches 1980-1991 1992-1997

1 | Rodudiondf dedricenergy and heet R4 1.1
2 | Podudiondf ironand 9ed 17.7 104
3 | Mundpd bales 140 5.2
4 | Mator trangport 92 152
5 | Agiadture(induding faresry and fishary) 6.7 84
6 | Podudiondf bhuldng meterids 44 90
7 | Madhinay and metd-working 44 30
8 | Food produdtion (ind uding beverages and tolbeono) 40 26
9 | Ghe bradhes 7.2 5.1

ALL 1000 1000

This Tadde dons tha catan rasng up of econony, dated dnce 1996, conddaddly
Oecressd the difference betwean 2 cond dered pariods, thet wes espeddly contradting for the pariod of
1992-1995. Trangpart sharegromhintatd energy output is espeddly remerkable during recent 2 years
thet isconrsdaredin detdl inthe peragyrgph 354,

3.5.3. ENERGY PRODUCTION AND CO, EMISSION
Like other countries, the mein source of GO 2 arissonin Gargais enargy produdion module,

in which the processes of enargy produdtion are meinly bessd upon fosdl fud conaunyation. Deta on
Q0 tatd arissoninto the anogohare fromenergy produdtion nodulefor the period of 1980-1997 are
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presated intdde 3.54. It fdlonsfromthis Tadle thet thehare of thisnoduleinatatid GO 2 arisson
dhangeswithin 72-93% During theexdgence of the USSR it wesvarying & 90%levd. Snce1993this

share began to deoressg, but did nat fdl bdow 725% This redudtion in dosdute indices is vary

importat . It dereesed from 3 mrillion tons, deradgigtic to the pariod of 1980-1991 to 4 mrillion tons

in 1995 and then began to incresse gradldly. Meen evission index during the period of 1992-1997
mekes81nillion  tons thet isgredtly dipulated by the grownth of e@rission frommotor trangpart during

recant 2yeas

3.5.4. TRANSPORTATION

Trangpartation savicein Gaorgia (trangport of pessengers and goods) ind udes motar trangport,
ar, ralwey and sea trangparts The country’s river trangport is not develgped. Relway trangport
pradicdly totdly (exogat some auxiliary oparations) is gparaing on dedric enargy. Gremhouse ges
arissons in the anmogpohare as areadt of notor- and dr trangport (d@rplanes) fundioning in Geargia
during 1980-1997 have ben andyzad in acoordance with [ROC greenhouse ges evisson invantary
methodd ogy, results of which are gethered in Tale 35.5. It shows thet the shere of notor trangport in
tatd QO , arisson during the exigence of the USSR wes gable and mede 8% After 1992 (there are
nat detaavaladefor thet year) this va ue decressed 2-3+imes, but Snoe 1995 it begen to incresse and
during the recant years reeched 30-35% It can be explaned by thefadt thet nogt enterpri ses comnedted
with QO , arisson have nat dated thar fundioning yet, but the motor — trangport begen an intendive

devdopmat egan

Table35.4. Ovadl erissonaf GO 2 intheanmogpharefromenargy produdiion
nodulein Georgiaduring 1980-1997

Years Ooz%ﬁgl f’d“@sgm Sareintad arision (%9
1980 0% 26
1981 25 03
19 B 05
1983 B67 09
1984 B8 04
195 53 06
1996 B0 03
1987 B o1
1983 B2 915
1989 23 27
1990 581 28
1901 2660 @31
192 1600 05
1903 900 &6
1994 5% 797
195 388 725
19% 667 799
1997 73 799

Retio of QO , aritted by ar-trangoart to the erisson produced by notor-trangport during the
Soviet pariod chenged within 20-24% During the bregking up of econonty thisratio fluduated within 5-
45/ and during the legt 2 years its Sabiilization & 3-5%levd is dosaved. The resson for thisisthe
lossof contadts, exigting betwean former Svid Repubdics, harpraseinar-tickasfar and avalaaility
of pard a rdaivdy  lowprices
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Table355. GHGarissonsfromnotor- and ar-trangport in Geargia
duing 19801997 ( &)

GHG | 1980 | 1985 | 1900 | 1991 | 19% | 1965 | 1997
Mator-trangoort
Cabon Dioxide 2790 31% 3137 3529 211 1430 2866
Metane 0562 | 0617 | 0580 | 0600 | 0040 | 030 | 050
Nitrous (1) Oxice 0046 | 0057 | 008 | 0080 | 004 | 0030 | 0080
Nitrogen Oxides ~ NO,, BHM | B8 | BW | 4830 240 1730 | 3B
Cabon Monoxide 206 | 3142 | 212 | 25 212 184 | %17
NMVOGCs 288 | 316 | 2060 003 0002 001 003
Air-trangoart
Cabon Dioxide 6645 | 6/66 | 6%0 1930 %.2 1274 | 1620
Nitrogen Oxides  NO, 2023 | 2056 | 2118 | 0600 | 0300 | 0400 | 0440
Carbon Monoxide 7334 | 745 | 7681 | 2100 | 1100 1400 1760
NMVOCs 4753 | 48% | 498 140 | 0700 | 0900 1100
Siphur Dioxide 0211 | 0215 | 0221 | 00600 | 0030 | 0040 | 00%

Conddadde shae of greahouse ges arissions from nmotor-trangport in Georgiais exdaned
nat by ahighlevd of motarizetion (overdl quantity of cars by 1993 resched 642 thousand, by 1997 this
figure decressad down to 349 thousand) but, firgt of dl, by low tednicd and tedndogicd indices of
exdiging nmotor trangport, ot pert of whichis conposed by dd Soviet nodds

Aveage consunption of fud per 100km for pessanger and oadd cars meke s11.2liters ad
for buses and trudks 30,0 liters Thisis twice as much as those for devdoped countries. Recant years
ae daadaizad by  widespread inport of worn-out pessenger cars from Buropeen countries, even
worsening theindicated Stution. High levd of gpedfic erissonsfram notor-casis sipuaed aswdl
by low qudity of consumed fuds ladk if goedd deating devices low qudity of motar highways and
nmeintenance o cars. Conddaing thet ane of the sadtions of “Slk Way” pesses through Georgia, more
atention should be ped in future to the monitaring of greanhouse ges and agrosdl arissons from
notor-trangport over Georgian territary.

Asto averageanud vaduedf fud consumed per 1 car in vaious types of notor-trangpart, this
vaue mede 10-16 thousad liters for trucks in 1980-1991, for buses — 1528 thousad lite's and
pessanger cas— 170-290 liters. During 1993-1994 thisfl down to 500-800 liters (busss), to 300-600
liters (spedd cars) and to 2060 liters (pessenger cars). Snoe 1995, oadific consunyation of fud begen
toinoressergpidy and in 1996 excesdad eatlier Soviet indices Satidics on avarageanud run per cax
in eech venidetypeis nat rdidde thoughits goproxinete etinetion is possble Thisvdueduing the
exigance of the USSR wes 50 thousand kmfor trudks, 70 thousand km— for buses, 60 thousand km—
for goedd casand 20 thousand km—for pessanger cas
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4. INVENTORY OF
GREENHOUSE
GASEMISSIONS AND SINKS

The resuits of the fird ndiond invatary of
greanhouse ges arissons and drks in Georgia for the
period of 1980-1997 ae presated. Edimdions were
caried out acoording to IRCC Guiddines [5-7).
Invetory resdts ae presented both in naud
expressons and in QO , and C equivdents using globd
waning potatid (GAP).

Teking into condderaion therde of aerosalsin
Ol a-taredrid radidion regime, inthelagt paragrgph of
this chepter arepresanted dataonthar emissons.

4.1. GENERAL REMARKS

Invertory of greenhouse gases, emitted in Georgia, as a result of technogenic adtivity,
conprises bath the greenhouse gases of direct efect (CO 2,CH 4, N0 andthoseof indirect effet ( NO,
GO, NMVOC, SO ). It wes undertaken acoording to 1POC Guiddines usng offidd daaavaladein
Georgia  Anthropogenic adtivity is divided into 5 nodules energy produdtion, industrid processes,
agriculture, land use and forestry, weste menagement. Overdl results of inventary are presanted inthe
Table4. 11

Tadble4.1.1 Toid GHG arissonsin Gaorgia

GREENHOUSE GASES 1980 1985 1990 1995 1997
Q0,,Tg 34593 39620 36422 534 9.177
CH,Tg 0.3%0 0411 0.3%6 0150 0.167
N.OGy 8435 8598 7.8% 3273 4.366
Tatd inQO , equivdet, Tg 45.1838 50916 46.345 9509 14.037
Totd inC  equivdet, Tg 12324 13886 12640 2533 3828

1980-1991 amisson high levd, rddiveto the next period, is explaned by the fundioning of
Soviet econany till 1991, In the next period, sharp decreese of arissons is causad by the process
connected with the bregk-up of the USSR and the country’s trandtion to the prindples of merket

€oonony.
It should be nated, that there were no subdtantid erissions in Ge orgia of other GHGs
recommended by |POC Guiddines besides above- mantioned 7 gases.

4.2. CO, EMISSIONS

Main source (about 80-93%) of GO s emssonsin Georgiaisfoss| fud combugtion (both from
daionary and nobile sources), and the mein srks are forests CO 2 @nisson invertory results are
presated in the Table 4.2.1. Sgparate indicdion of motor vehides in the table is conditioned by its
largeshareinar pollution and condderations of its possibleinareasein the nearest decede
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Tded421l Tad QO erissonsandsnksin Georgia( To)

Sour ce categories 1980 1985 1990 1995 1997
1 Energy generdion—ind. 30.976 36.883 33814 3877 7.336
dationary sources 28186 32683 30.676 2447 4470
nmotor trangport 2.70 319% 3137 1430 2.866
2. Indudtrid processss 1200 1259 1042 0.136 0207
3. Forest utilizetion 1576 1658 0.664 0.734 0937
4. Agiadture 0.841 0.820 0.902 0547 0.6%
Totd: 34593 39620 36421 534 9.176
00, 9rks
Forest ecosysars -12.389 -12.389 -12.389 -12.389 -12.389
Grasdand converson 9.83%6 9.83%6 9.83% 9.83% 9.83%
00, e emissons 32040 37.067 33868 2791 6.623
Saed QO , absorbed by
foredts, % 279 51 238 816 65.2

4.2.1. CO, EMISSIONS FROM ENERGY MODULE

Energy supply in Georgiais subgtantidly bassd upon the fossil fud combustion. Therefore,
energy production seitor is the mein source of QO 2 @risson. Therde of different branches of this
noduleand therdeaof amodule, asawhdle ispresartedinthe Table4.2.2.

Tae422 QO ,erissonsfromenergy module, (€]

SECTORS OF MODULE 1980 1985 1990 1995 1997
Hedricenergy and hedt production 97265 |127743 |121653 1,028 19140
Ironand sted produdtion 5575.7 5985.0 5576.6 2321 2344
Production of other metd's 29 1050 874 41 41
Production of chemicds 744.0 1,400.0 694 5.3 833
Cdlulose and paper production 3720 3500 9.7 53 08
Food industry 11780 21000 1,107.3 0.2 191
Production of building meterids 1457.0 595.0 13757 98 108
Machinay and metdworking 13640 1,645.0 12852 1736 2292
Residentid sector 43768 46849 47752 472.2 826.9
Agriculture (forestry and fishery) 21080 19250 23022 242 324
Motor trengport 2700 3195.0 31370 14300 2.866.0
Air trangport 664.5 675.6 69%6.0 1274 1620
Useof biomess 526.6 4482 7.1 112 4131

Totd: 30,976 35,883 33814 3877 7,3%6

Acoording to data andysis, investigated period can be divided into two parts: 1980-1991 and
1992-1997. Thefirg peiod refledts anthropogenic processes in the country under Soviet, so-cdled
planned econamy, the next one — controversid processes of the trangition to merket economy. Inthe
seoond period percentege share of energy productionin GO » totd emissonis decressad from 90.5%t0
nearly 70% In 1995 this vaue wes the sTdlest (725%), dter whichisbeganto rise GO 2 @risson
dynamicsin Georgiafromenergy moduleis presented onthe Hg. 4.1
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- YEAR

Fig. 4.1. CO, emission dynamicsin Georgia from energy module in 1980-1997

4.2.2. CO, EMISSIONS FROM INDUSTRIAL PROCESSES

Industrid processes of Georgia comprise production of cament, anmonig, Nitric Add, coke,

iron and ged, faradloys, odlulose and paper, food and beverages CO

ispretedinthe Table4.2.3.

» emsson fromthese branches

Table4.23. GO , amissonfromindusirial prooesses ( Gg)

SOURCE CATEGORIES 1930 1985 1990 1995 1997
Cament produdtion 8332 785.3 6424 306 46.4
Production of Ammonia 2204 3084 3288 B3 1539
Ironand sted production 21 23 21 0.089 0.09
Produdtion of Farrodloys 1418 1609 67.9 6.7 6.2
Chanricd recovary infearous 59 20 11 0081 i
metdlurgy

Totd 1199.7 12589 1042.3 13672 206.59

Q0 emissondynaricsin Georgiafromindudtrid proocessesis presarted onthe Hg. 4.2

Fig. 4.2. CO, emission dynamics in Georgia during 1980-1997 from industrial processes

4.2.3. ROLE OF MOTOR-TRANSPORT IN CO; EMISSIONS

One o the importart condtituents of energy produdtion sstor is notor trangpart. It is a

ubdtantid sourcedf ar pollutionin Georgia, aswel asintheworld, Sncea presant:
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= unlikeforeign vehides, trangport functioning in Georgiais not equipped by deaning devioes for

exhaudt gasss;
= qudity of fud, consumed by motor — vehides in Georgia does not correspond to modern
dandads

= qudity of Georgian highwaysisvery low;

*  mEntenanceof motor vehidesis unsaisfadory.

Taking into cond deration the progpects for theincreese of theintendty of notor trangportation

inthenearest decade, GO emissondynaricsispresmtedinthe Teble 4.2.4.
Tdle4.24. G0 , arisson by notor-trangport
during1980-1997inGergia(  To)
Trucks Buses Fadd cas Sued trar
Tnyf & | P Tad | PO
, " |ggcas | Rard | Died | Tod | Retrol |Diesd | Tad | Perd |Diesd | Tatd totel amnudl
O, arisson
0168 | 1672 | 0302 | 1974 | 0319 |00 | 0388 |0228 |00 | 0260
0 60 |m® |08 |05 |11 |4 |39 |817) |15 |ex) |2 | &Y
g1 | 0184 | 178 | 038 | 2061 | 033 |0074 | 0417 |02 [003 0265 |00 | g
63) |E%) [113%) |031) |17 259 |1430) |7%) |(113) |@08) :
o | 0194 | 1729 | 038 | 2112 | 030 008 | 0450 |0263 [0034 (0277 |0 | gy
640 |G70) |(1263) | (0968 |(1220) |26 | (1488 |80 |(112) |@13) |3 :
g | 029 | 1838 | 0404 | 2237 | 0381 |008L | 0462 |024 [0034 (028 |0 | gy
689 |G737) |(1269 |00) |11 |25 |(1445) |(763) |(L0g) |@70) | :
g | 020 | 1777 0434 | 2211 |03 |008 | 0468 |0267 |08 (025 |4100 | gpp
660 |80 (1369 |4 |11 |280) |1470) |89 |(088) |027) |* :
g | 020 | 1755 | 049 | 2245 | 0368 |00% | 0463 |0231 |00% (0277 |1 | gos
65) |9 |53 |27 |11 |29 |14 (723 (1) |@6n) |* '
g | 0204 | 160 | 0487 | 2157 | 0376 0102 | 0478 0262 [0047 (030 | e | g
649 |®06) |(1547) |53 |(119) |32 |(1518) |82 |19 |@8y) | :
g | 022 | 1631 | 0511 | 2142 | 0381 |01 | 0500 0273 [0047 030 |1 | g
666 |12 |(1608) | (6730 |(1197) |40 |(15%) |@859) |(149) |(100) | :
s | 025 | 1652 | 0569 | 2221 | 0384 |01 | 0507 0236 [0047 028 |10 | ges
637 |6L37) |(1769) |(©906) |(11%) |38 |(1576) |(7:30) |(146) |@880) | :
o | 010 | 154 | 0609 | 2153 | 037 (0127 | 0484 |02 [00%5 (0275 | o0 | g
68) |(9® |1970) |63 |15 |411) | (1565 |74 |(146) |@89) | :
1o | 0191 | 156 | 0606 | 222 | 032 0120 | 049 |0211 [00R2 (028 |10 | g
609 |50 |(1970) |020) |(1158 |411) |(1565) |672) |13 |@806) | :
0212 | 1427 | 1158 | 2565 | 0331 |0151 | 0482 |0198 |0067 |0.250
L) 601 |04 |(@81) |12 | 03 |42 |36 |B49 |16 |70g) |32 | 13
192 | 0057 | 0071 | ND | ND | 003l |ND | ND |0004 | ND | ND | ND ND
005 | 0102 | 0259 | 0361 | 0024 |00BL | 0075 |0006 |0019 | 0004
B 615 |Ley) |(340) |49 | 4%) |05y |(1546) |19 |39) @) |00 |  48L
1o | 008 | 0050 |00% | 0110 |01 [0012 | 0033|0004 [0006 (0010 [ | e
@49 (@70 (199 |(5213 | 0% |69 | (1569 |(19) |28 |74 |®
0187 | 0734 | 0250 | 094 | 015 |0064 | 0219 | 0087 |0008 |0040
19\ 1308 | 5133 |(1748) |(6881) | (1084 |(a47) |(153) |259) |021) |280) |2°0 | 276
035 | 1399 | 0659 | 2068 | 02% |0176 | 0471 |012 |0007 0109
196\ 1007 | @122 | (229 |©946) | 9% |(599) |(15%0) |34 |029) |@3eg) |2X3 | B
0281 | 1262 | 0678 | 1940 | 035 |0184 | 0589 | 0098 | 0008 |0.106
97| @8 |wmm) (260 | 6769 | (1239 |(642) |(188) |34 |02 |@70) |2E® | 3B
Note Inbrakesisgiventheshare (99 of typesintatd trangpart e nmisson
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Pesrted data conddar the intend drudure of notor-trangport, as wdl. Conplee
charatteidics of greenhouse gas aission frommotor trangport arepresantedin Tdble Al of and Fgs.
Al and A2 of the Appendix, demongrating important rde of notor-trangport in QO canssons.

4.2.4. CO, EMISSIONS FROM AGRICULTURAL MODULE

Q0O, amisson from agricuturd module is meinly conneted with the fidd burning of
agricdturd wegte Qropsin agriculture give large amount of weste, goproximetdy 80% of which are
removed by fid d-burning. Obtaned results are presented on the Fg. 4.3, where QO erissonisgiven,
aswdl, dongwithCO  , erisson.

1000
80047 T
600 — I I —
400 HEE @co2
BCO
200 — I I —
0 Hu NN, NE; Ny N
o — [§V] [32] < n (o] N~ [o0] [*)] o - (V] [s2] < n (o)
0] [e0] 0] 0] 0] [e0] 0] 0] 0] 0] (2] (2] (2] (2] (2] (2] (2]
(o)) (o)) (o)) (o)) (o)) (o)) (o)) (o)) (o)) (o)) (o)) (o)) (o)) (o)) (o)) (o)) (o))
— — — — — — — — — — — — — — — — —

Fig. 4.3. CO, and CO emissions due to field-burning of agricultural waste

Q0, arissons ad renovds are d0 gipulaed by changes in land use resuiting in the
Carbon amount changein ssparae sail types. Carbon soregeis edtimeted in 30-amlayer of soil and to
condde changes in the system of land use a 20-year paiad is teken. Soil cover of Georgia is
chaadtaized by lage divadty and conrplexity. Almogt dl sl types greed on the Eath ae
prested here Conventiond divison of mingrd soilsin Georgia has been carried out for cdauldions
acoording to IRCC Guiddines
1 Sl of highativity;
2 Soil of low adtivity;
3 Aqicsils
4. Ogaicsils

Qasscd svanps oooupy 13,000 hettares, and they arenot used for agriculturd production.

Acoording to cdauldions, Carbon sodkpile in soils of high adtivity for the recant 20 yearsin
Garganmede107.3  Tg, insoilsof low edivity — 161 Tg adin agqicsls—1274  Tg, thet in totd
mekes250.8 Tgfor mingd soils

Increment of Carbon during this period for arganic soils mede, onthe average 55 CGg, while
net loss of Carbon, es aresult of agriculturd use of organic soils, mede 9.8 Tg, tha isfindly reflected
inthefdlowingG- GO , ne erission:

- outof mned oils - -25C Tg o -46.0C0 , Tg;
- outorganicsals - +98C Tg o +361C0 ,Tg
- outof limestonesails - H006B6C Tg o 00200 ,Tg
Thardore as areaut of land use change, due to agricuiturd ativity, GCO o tatd erisson

nmede-27C Tgoar-98CQ0 , Tg Theintemd rucure of QO 2 @rissons from agricuturd modueis
presented in Table4.2.5.
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Tdled.25. 00 , anissonfromagriculturd module ( &)

SOURCE CATEGORIES

1980

1985

1990

Fdd burning of agriculturd wastes

840.8

820.1

0L5

A4

Agiadtud soils

-480.8

-490.0

-494.8

-497.0

Energy generdion (transport)

21080

19250

23029

36.7

Tod :

2468.0

2561

27109.6

407.1

Note dgn(-)indicaesCO ,drk. Dataarecdaulaed per oneyeat.

4.2.5. CO2 EMISSIONS AND SINKSBY FORESTS

Vegetdion cover of Georgiaisrich and diverse Both subtropicd and high-mountain verdure
is prested here d ong with desat spedes. They subdtantidly sipulate the formetion of the regime of
aufece and underground wates. Thar soil protecting and dinmete regulding inportance is
remerkable, aswdl, and foretsplay adiginguished rdein thisdirection.

Whde aea of Georgia land resources mekes 6949.6 thousand hedtares, out of which the
whole area of forest resources mekes 2989.3 thousand hedtares. 27534 thousand hediares of themare
ocovared by foret, meking 39.62% of the country’s whale taritory. Daa on the foresation of
Gaorgianteritory arepresanted onthe Hg. 4.4.

1. Foresless partion (5799 of atatd
aea

2. Area(39.62%) of forest reserves,
covered by forests

3. Forestless aren(3.38%) of forest
resarves

Fig. 4.4. Forestation characteristics of Georgian territory

Totd resaves of wood in Georgian forests condiitute 434 million m 3 Avaage anud
incremant equasto 45 thoussnd m 3. Approxinete value of wood per capita out of its totd resarves
mekes 86 m * and 0.5 hetares of the area covered by forests Distribution of Georgian forests for the
beginning of 1996, according to thdr spedes compodtion, is presanted in the Table A2 of the
Appendix.

Wehavenat condidered three processes. “ Foregt autting out”, * Burning in cut-out forests’ and
“Trandformetion of hayfidds and pestures’, incorporated in the sub-nodule “ Changesin land use and
foregtry”, because in ealy years such processes were nat Spedified by forest menagement and forest
utilization agendesin Georgia Under the term of unusad land we consider eroded lands. Cdaulaiions
showed thet annud increment of biomess (evduaed in the terns of dry mess) on unusad lands during
20 years mede goproximetdy 2.5 Tg, and for the process laging over 20 years - 1.05Tg. Amourt of
Cabon, accumuiaedby  biomessinthefirg casemekes 1.1 Tgandin the ssoond case- 0.48 Tg

Armount of Carbon, accumulaed by soil on conpletdy unusad lands mede 3.36 Tg, thet
Mekes12.32 TgcdalaedinGO  , amournt.

In the base yer of 1990  as arext of  athropogenic adtivity, “Exploited forests’ were
characterized by thefalloning belance
» BEmsson - 0664 Tg,

*  Rarovd - 12.334 Tg, corresponding to net remova 11.725 Tgof QO ».
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During 1990-1996 meintenance and sdedtive autting of forests decressad in Georgia, while

illegd autting incresssd (Appendix, Tables A3 and Ad). These processss causad the rise of QO 2
arissons. Annud amount of GO ,, anritted in this peiod, wes inceesng from 16 to 161 &

Maximumenrission took placein 1994.

4.3. CH; EMISSIONS
Chaadeidics of Mehane enissons in Georgia ae presanted in Table 431 The men
sourcessof CH 4 erissons aeweste menagamant, agriculture and fugitive emissonsfromfud systars
(sytarsof naturd gesand ail explaitation and cod mining, aswAl).

Tble4d31 CH ,eanissosinGeogal( Cg)

SOURCE CATEGORIES 1980 1985 1990 1995 1997

1 Enegy, induding 1030 1210 106.0 65 72
Fugitivearissonsfromfuds 0.1 1169 103.3 6.0 6.3
2. Indudtrid processss 04 03 02 00 -
3. Agriauture 107.7 1131 09 65.7 74.0
4. Foregt utiliztion 281 24.3 150 78 94
5. Wadte menegamant 1406 1525 144.3 719 726
Totd: 37.8 4112 364 1519 1632

Totd inCO , equivdent 7975.8 8635.2 74844 31899 | HA2r.2
Totd in Cepuivdent 2075.2 2351 0412 870.0 9.7

Emisson of Methane consderadly decressad in 1992-1997, nady, from 0.24 Tg (1992) to

015 Tg (199%). The dhare of different modules in Methane emission by this paiod is as fdlows
wegtes 38.3-49.9% agriculture 36.0-45.8% Share of energy produdtion and indudtrid processss has
subgatidly decreasad: from 25.1% (1992) to 4.2% (1996) and 0.04-0.003% repectivey. This can

be explaned by the fact that thermdl energy production in Georgia wes basad meinly upon imported

foss| fud consunrption. Asaresult of the destruction of earlier exiging infrastructure and trangtion to
merket econony, foss| fud inmport has bean cons derably decreasad. For the detail ed demondtration of

the dhare of agricuiture and wedtes in CH 4 @risson, daa ae given in Table 4.3.2, the andyss of
which shows, thet the mein sharein Methane e ssion fromwaste modul e bd ongs to solid westes and
indugtrid westeweter. But the share of thelatter hes considerably decressed during the period of 1992-

1997 dueto theaidsinindustry. Fromagriculturd module predonvinant ralein CH 4 @risson bdongs
to animd enteric fermentation and system of menure processing, share of which in this setor is
goproximetdy 97.%

Tdled32 CH 4 anissonsfromweste menegament and agriculturd nmodules (€0)
SOURCE CATEGORIES 1990 | 1985 | 1900 | 19565 | 1997

Landfills 439 | 475 | 508 | 499 | 500
g | ReSdentia weslendta 121 | 130 | 140 | 137 | 138
g IncLstridl wedteneter 85 | 21 | 74 8.1 89
Tad: 1405 | 1526 | 1442 77 | 727
Tad inC0 , eqivdent 20505 | 32046 | 3282 | 15067 | 15267
Anirrel enteric famentation, animel 160 | 1114 | &0 | 663 | 661

o | menureprocessing
= | Rddburning of agricuturd westes 17 17 18 13 20
3 [ Enagy produdtion 015 | 014 | 016 | 0m | 00
2 Tatd 1078 | 11324 | 0% | 6/63 | 6813
Tad inQ0 , eqivdent 2649 | 23780 | 19102 | 14202 | 14307
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4.4. N,O EMISSIONS

Owning totherdaivey srdl vaume of Nitrous (I) Oxide emissonsin Georgia, they have been
regigeared with possble meximum accuracy, reflecting dl emisson sources: The mein resuits ae
presnted inthe Table4.4.1

Tale441 N ,Oanissonsintheamogphae( )

SOURCE CATEGORIES 1930 1985 1990 1995 1997

1 Enagy gengdion 0.280 0.320 0.293 0.048 0.0%6
2. Indudtrid processes 0.802 1624 1613 0530 0926
3. Agiadture 7.161 6.487 5.886 2645 3.274
4. Forest enosysars 0.193 0.167 0.103 0.050 0.066
Totd: 8436 851 7.8% 3.273 4.362

Totd inCO , equivdent 2615.16 2665.38 244745 1014.63 13/2.22
Totd in Cepuivdent 71323 72692 667.49 276.72 363.79

MandhaeinN O arisson bdongsto agricuture From ather sstorsindudtrid processss are
important, while burning of fossl fud and forest ecosysteTs play rddivdy less dgnificat rde
Jaesof ayiadturd brandhesarepresanted intable4.4.2

Tdhed42 N ,Oamosgpheicearmissonfromagriculturd nodule ( &)

SOURCE CATEGORIES 1980 1985 1990 19%5 1997
Animel preises 3128 3308 2804 1665 182
\T;‘;b"””gd aiauturd 0042 0042 0044 0,030 0052
Energy producdtion (transport) 0023 0021 0025 0004 0004
Fertilizers 393 3119 3042 0950 1065

Tad: 71%6 6510 5915 2649 2953
Tod inQ0 , eqivaat 2077 20181 187 12 9154

Data andyss shoas that the mein shaein N 20 erissonis mede by the use of organic ad
nmined featilizars and subgtatid N 20 arission by indugtrid processss is caused by Nitric Add
production.

4.5. EMISSIONS OF OTHER GASES
Bmissons of gremhouse geses, having indiredt effect ( NOx, GO, NMVOCs SO ) ae

registered with possble accuracy thet wes feesible by the method of recording and precison of initid
informetion. Results of invertory are presanted in the Table 4.5.1, which dealy shows, that energy

production sactor is the mein source of Nitrogen Oxides ( NO,) arisson. Energy nodule occupies the
firg placein Carbon oxide (CO) erission, aswal, and the next oneiis teken by forest ecosysters ad
agriauture Therdeof indugtrid processesisinggnificant (eswdl asin NO, erissons). InNMVOC
armissons mein share d0 bdongs to energy production. For Qulfur dioxide (SO 2) a@rission, enargy
productionisresponsblednog etirdy.

Sae in greenhouse gas armissons of branches, refledting technogenic adtivity has bemn

cond derably decreasad during the years of trandition to merket econony (from 1992). Thet is diredtly
connected with the change of functioning of the country’sfud and energy conlex.
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Table4.5.1. Erissonof greenhouse gases, having indiredt effedt ( &)

SOURCE CATEGORIES 1980 1985 1990 1995 1997

Energy genardion 11271 13300 124.35 2384 5115
Indudtrid processes 031 040 040 0.08 014
Agiadture 09 098 103 0.70 090

& |Forest ecosysters 7.00 6.03 373 1% 239
= Totd: 12101 14041 12951 2656 5458
Totd inCO , equivdent 484040 5616.40 5180.04 106240 218320

Tatd in Cequivdat 132011 153L75 1412.74 28075 50642
Energy genardion 4100 36390 32900 141.70 297.22
Indugtrid processss 150 190 200 050 0.66
Agiadture 59.80 5830 64.10 38920 4961

8  |Forest ecosystens 246.00 21240 131.30 6840 8L73
Totd: 64830 636.50 52640 24950 42022

Totd inCO , equivdent 19490 190950 1579.20 74850 1287.66

Totd in Cepuivdent 53040 520.70 430.69 204.14 3118
Energy generdion 36.69 40.09 37.78 116 15

8 Indugtrid prooesses 882 825 858 0.38 105
§ Totd: 4551 41834 46.36 1 260
Totd inQ0 , equivdent 500.61 53L74 509.9% 16H 2860

Totd in Cepuivdent 13653 14502 139.08 462 7.8
Energy generdion 22903 27201 247.36 2024 3308

) [Industridl processes 120 097 179 002 003
Totd: 230.23 27298 24915 20.26 31

4.6. AGGREGATED EMISSIONS

Andyss of greanhouse gas invertory represants the investigeted period in two intevas
1980-1991 and 1992-1997. The firg peiod refledts technogenic prooesses of soviet econony
conditions, the next period conpri ses processes of trangition to merket economy in Geargia

Carbon dioxide emission in 1980-1991 wes changing from34.6 Tg(1980)t028.7 Tg(1990).
Raroantage share of branches in this erission is expressad as fallows: energy production 89.6-93.0%
forest utilization 4.6-20%4 indudtrid proocesses 35-25% agiadture1.8-25%

During 1992-1997the GO, erission condderably decressed, nardy from 17.6 Tgin1992to
9.2 Tgin 1997, the srdleg arisson (5.3 Tg) being regigered in 1995. Raroantage share of energy
production during this period is decressed to same extert in QO » totd emission, meking 91.6-82.5%
Share of agiculture incressad repectivey, meking 3.6-11.6% This exceads goproximetdy 3.5 times
theind ces of thishranch for aprevious period.

Methane emission in 1980-1991 wes changing from 0.38 Tgof 1980t0 030  Tg of 1991
Rarcentage share of brandhes in this arission is as folows wedtes 37.0-43.6% agicuture 24.9-

03 awgy gaadion 264-304% foret utilizaion 4.2-74% indudrid processss 0.1%
Bmissons of Methane in absolute units during 1992-1997 decressed goproximetdy 3 times (see
Amex, TableA5).

Emission of Nitrous oxide in 1980-1991 wes vaying within 0.0084 and 0.0065Tg.
Raroatage share of setars in this arisson is reflected this way: agriculture 83.0-70.2% indudtrid
processs 9.525.9% enagy ganadion 3.3-4.0% forest utilization 23-1.3% Peroatage share of
branches did not chenge for the 1992-1997 intervd intatd N 2O arisson, however avounts of totd
amisson subgtantidly decressed from0.0063 of 1992 t0 0.0039 Tgof 1996.

In the bese year of 1990 GHG arissans in GO » equivdents anounted to 53.11 Tg, from
which 68.6%0oesto QO 5, 141%-toCH ,ad4.6%-toN 0. Totherest evissons about 3% were
contributedby GO, and dmost 10% by Nitrogen oxides NO..
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Conplete charadterigtics of aggregated arissons are presated in Table A5 and on Hg. A3
givenin the Appendix.

4.7. CONCLUSIONS

Presmited data are the resuits of thefirgt inventory of greenhouse ges arissonsin Georgia It
hes ben egimated thet Georgids share in greenhouse gas glabd eissions during 1980-1990 wes
goproximetdy 0.3% Gremhouse ges tatd emisson cdadaed in GO 2 euivdeat pa cgoita for this
peiod mede goproximetdy 8.6 tons a year (0.0086Gg/yr). At presant tine these respectivdy meke
0.1%and about 2.6 tons'yr.

The dynanrics of GHG arissons in 1980-1997 is shown in Table A5 and on the Hg. A3 of
Appendix.

Likein dmogt dl other countries, in Georgia energy produdtion sector is dominant in totd
amisson of GHGs. Andyss of data, reflecting its fundioning shows, that greenhouse gas erissons
aredipulaed meinly by the consumption of fossil fud (see Appendix, Fgs A4-A5).

Themein condudons of investigation may beformulated thisway:

1 In1980-1990 the tendency exigted in Georgiatowards the formetion of fud and energy resources
predominantly by inported meterids. Their share was condtantly growing during the period of
1980-1990 within 63-80% (Appendix, Fg. A4);

2 Indicaed peiod is remerkable for the tendency of locd fud production decresse in 1980-1990
respectivdy within 25%6-4% (Fg. Ad);

3 Saed primary fud and energy resouroes decressed in 1980-1990 from 67%0f 1980 to 59%of
1990 (Appendix, Fg.A5), nardly:

a Ol production decresssd from54%in 1980 to 13%in 1990 (Appendix, Hg. A6);

b. Cod peoatage sharein fud and energy resources incressed during the sae pariod
from32%of 1980 t0 69%of 1990 (Appendix, Hg. A6);

¢ Paoentage share of firewood in the same period incressad from 5%in 1980 to 10%%6
in 1990 (Appendix, Fg. AB);

d.  Gonsumption of naturd gas changed indgnificantly for the same period and its share
was 9%in 1980 and 8%in 1990 (Appendix, Fg. A6).

To obtain more rdiddle data on greenhouse ges erissions in 1990, recommended as a bese
yea, invatary wes carried out throughout 1980-1997. In 1991 the neture of fundtioning of econony
subgtatidly changed in Georgia due to the trandtion to merket economy. Emisson minimum
coinddes with the paiod of generd depression in the country (1994-1995). Considarations of the
newest prospectsfor the country’s devd opment indicate the further possible groah of greenhouse ges
anissons

To cary out gopropriate estimetion for the use of greanhouse ges arisson deresse in the
oountry in various assessments in future, gopropriate andysis of theinvantary datais very importart.
Onthebesisof datapresmtedinthe Teb. 4.7.1 we can mekethefalowing condusons:

= During the pariod of planned econony, average annud vaue of emissons for CO 2 Was 34-35Tg,
and during the period of trangtion — gpproximetdy 10-12 To. For thelegt 7 yearstatd evissons
Oecressed by 1719 Tg(ontheavaageby 246 Tgayem).

» (CH,eanissons dd not vay sgnificantly during the firg peariod of considered interva, and they
mede goproximetdy 0.37-0.38 To/yr. The second period is characteri zed by nonatonous decreese
of arissons and thar average vaue mey be estimeted s 0.14-0.15 Td/ yr, thet for thelegt 7-yeer
paiodgivesCH 4 erissiontotd decrease by 1.13Tg. If we bring the vdue of GWPfor CH 4 e0ud
to 21, we gd arission decressein QO 2 equivdent. Henceit isequd 102373 Tgadf QO ,, towhich
corresponds annud average v ue of decrease 3.955 TginQO , equivdet.
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» N Oearissonvaidility dynaricsis even less expressed and its average vadue for thefirgt period
can be edimated to be 8.4-85Gg/yr, while for the seoond period its erisson on the average

mekes 3.5-4.0Gyyr. For thelest 7-yeer paiodtheN 2O arisson decressad in overdl by 0.028Tg.
Rdaiveto QO ,, its GWPis 310. Dueto this the corresponding amount of GO 2Will be868 Tg, to
which corresponds average annud rate of decresse 1.447 Tg yrinQO , equivdert.

»  For QO, during the firg peiod, arisson vaidhlities are not condderable and meke 0.63-0.64
Tg/ yr, whilein the sacond period its average vdue is 0.21Tglyr. Teking into condderation thet its
GWPisequd t03,inC0  ,equivdatitgves063  Tg For thelas 7-year paioditstotd emisson
OJeressd by 225Tg, orinCGO  , equivdent by 6.75Tg.

»  NO, arisson dynarics predsdy refledts the nature of indugtrid devdopment in Geargia Its
average v ue during 1980-1990 ney be edtimeted to be 0.130-0.132 Tg yr, thet acoounting to its
GWPR, equd to 40, will give 5.205.28 Tolyr. Emission average vd ue during the second period
mede 045048 Tgyr., tha gives 1L80-192 Tg/ yr of QO , equivdat. For the last 7-year paiod
NO, tatd emisson decressad by 0.5Tgor 20 TginQO , equivdett.

Tabhle4.7.1. Chaadtaidicsaf greanhouse gas arisson decressein the period of 1991-1997 ( To)
1980 Differencerddiveto 1980-1990 averagevaue
Compound 1990 oo | 10w | 1003 | 1994 | 195 | 196 | 1007 | JOAIN
avaage 1991-97
Cabondoxide(CO ) 37.009 -8.337 |-19.235 | -26.496 | -29.666 | -3L.665 | -28.666 | -27.833 | -171.898
Mehane(CH ) 0.320 0081 | -0148 | 0201 | 0227 | -0238 | 0235 | 0219 | -1.349
ThesmeinO
equivdent 8190 1701 | -3108 | -4.221 | -4.767 | -4.998 | -4936 | -4509 | -28329
Nitrousoxide(N 0 0.009 -0002 | -00 | 0005 | 0006 | 0006 | 0005 | 0005 | -0033
ThesmeinO
equivdet 270 -0620 | -1240 | -1550 | -1860 | -1860 | -1550 | -15650 | -10.230
Carbon axide (CO) 0626 -0185 | -0497 | 0484 | 0478 | 0377 | 0236 | 0197 | -2444
ThesmeinO
equivdet 1878 0555 -1491 | -1452 | -1434| -1131| 0708 | 0591 | -7.362
Nitrogenoxides( NO,) 0132 -0019 | -0034 | 0099 | -0111 | -0105 | 0083 | 0078 | -05M
ThesmeinO
equivdent 528 07 | 336 | -3% | 44 | 420 | 33 | -3120 | -23160
Combined QO 2, CH 4a“d ) } § § § § § }
N,0in Q0 , exqivdent 47.989 10658 | -23583 | -32.267 | -36.293 | -38523 | -36.151 | -33.982 | -210457
Combined QO 2, CH 4y } ] } ] } ] ] ]
N,0Oin carbon ecpivaler, 13083 2907 | -6432 | -8800 | -9.898 | -10506| 9587 | 9268 | -57.38
Q2 H 4 N0 N 517 | 11073 | o434 | 37670 | 42167 | 43854 | -0.170 | 37603 | 200970
inQ0 , equivdet, aMuy
Saein Cabon 15040 | 0538 | -7.755 | -10276 | -11500 | -11.980 | -10685 | -10280 | -66.721
equivdent SMc
Therefore, emisson decresse for the mein contributors to the  greenhouse efet (GO 2 CHy,
N>O) during the period of depresson (1991-1997) in Georgiain GO o equivdeant, mede totdly 210.3
Tg, towhich corresponds average annud vdue for indicated period 30.0 Tgof QO , equivdert, out of

which245 TgoomesdiredlyonCO  ,, adtherex 55 Tgof QO , equivdeatistheresdtof CH 4 and
N,O armisson decrease

Interegting are the data, showing the tatd unddiberate saving of GHG enissions (in GO 2
equivaan) during the years of depression (1991-1996), rdaiveto averagelevd of arissonsin 1980-
€s

43



4. | NVENTORY OF GREENHOUSE GAS EM SSI ONS AND S| NKS

O, - 172 Tg;
H, - 28 Tg,
N.O - 10 Tg;
(60) - 7Tg,
NOx - 23 Tg.

These deta may be usHful as a rference informetion &ter the adtivation of GHG trading
mechanism

4.8. AEROSOL EMISSIONS

Mansourcesof  anthropogenic aerosol erisson into the anosphere from Georgian tarritory
are represented by residentid and industrid sactors, notor trangport, wegtes and techndlogiical cydes,
dissipation of pegtiddes and fetilizars, intensive ploughing of soil, ec. Determingion of an agrosdl
condtituent is assodaed with catain difficulties however such assessmants arein genard avaladle

Table4.8.1 presants the data. on amogpheric aarosals, erission of soat partides fromgasdline
and died fuded motor-trangport and agrosals generated from SO 2, @mitted by energy produding and
indudtrid enterprises. The Table showsthat the mein part of agrosals (more then 50%) is compasad by
Qilphates, having a subdtantid impact upon the decresse of olar diredt radidion on the Eath's
suface It is evident from the Table, as well, thet condderable decresse of agrosdl a@misson in the
anmospheretook place during the period of 1991-1996, causad by decreasing indudtrid production.

Tabhle4.8.1 Agosd arissonsby nmotor-trangport and energy ojedtsin Georgia
during the period of 1985-1996 (thousand tons)

Solid patidesemitted by Sot patides, Siphates cegted Totd 200l
Yeas indudtrid and energy- amitted by notor- | ssaresltof O, aission
produding enterprises trangport anssons
1985 186 39 208 33
1986 239 39 N 437
1987 21 40 196 421
1983 199 42 19 397
1989 171 43 189 34
1990 144 43 189 337
1991 89 6.3 147 242
1992 el ND 103 >182
1993 47 13 A 102
194 2 03 36 65
1995 24 18 15 41
199%6 15 44 23 42
1)1985-1990 193 41 195 3R
1) 1991-1996 47 - 63 112
11/1 x100%% 24 - K7 29

Note ND - noddaavaladle

The share of soat patidesin the a@mogphereis not subdtantid (gpproximetdy 1%9). BEmisson
of there partideswas il thesamein 1996, asit wasin 1985-1990. It israrerkeadle that soat partides
play acondderadle raein the intensification of greanhouse efect and weskening of solar redidionon
alocd scdein places of motor-trangport concantrdionin largedties.
Table 482 prests the results of messuramats of olar rad igion during 1930-1990 in
various regions of Georgia for doud ess conditions under the influence of an aerosol conponent by
nidday. It denmongrates the Sgnificant increase of the weskening of direct solar radiation by aerosols
adl points exogt  Tsdka Theandydsof additiond datanmedeit dear, that anon-aerosol conponent

44




4. | NVENTORY OF GREENHOUSE GAS EM SSI ONS AND S| NKS

of solar redidion weskening has nat changed conddarddly, meking goproximetdy, throughout the

indicated periad, in Thilig 465, In
Tsdka3sbWm 2

Tdavi 419,in  Anasauli 458in

Sk 470, in Sukhum 465 and in

As aret of the solar energy weekening by aerosol's during 1981-1990, intendity of solar

direct radidion on the Earth's surfece decressed, rddiveto 1931-1940 period, by 2%%in Tsdka while
thisindicesamounted to 13-16%a other paints.
Tahle4.82. Changedf sola radiant energy diffused and absorbed in the atnosphere
by anagrosol component (1) and of sdlar direct radiation (11) onthe Earth's
sufacea different paintsin Georgia(Wm 9
Weke
gy | Alituce | ning | 1981 | 1041 | 1961 | 1961 | 1970 | 181 | jerioo-
asl (m Chg:ra_de 190 | 1950 | 1960 | 1970 | 1980 | 1990 %
rigics

Thilig 403 | 5 86 116 146 176 206 333
Il 912 883 8A 825 7% 767 A

Tdavi 598 | L2 68 A 120 146 172 410
Il A a8 8 85%6 80 8 86

Anasai 158 | 59 8 m 137 163 189 320
Il 878 82 826 800 774 748 865

Senedi 40 I 73 97 21 145 169 193 24
Il 852 328 84 780 76 [ 86

Sukhum 116 | 66 a1 116 141 166 191 289
Il 860 837 814 791 763 745 87

Tsdka 1457 | 2 28 A 40 46 52 236
Il 1014 | 1010 | 1006 | 1002 993 oA ]
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5. POLICY AND MEASURESTO
MITIGATE GHG EMISSIONS

5.1. GENERAL POLICY CONTEXT

Gaorgian dimete Change Rdlicy is besad on the prindples of
the UNFOOC and on the reparts of the IPCC, aswal as on theresuits
of sdatificressarch & thenationd levd.

The mein prindple of the Georgian Aimete Change Rdlicy is
thet dl pdliticd dedsons and messures should be thought out degply
and comprenensvdy ad be cogt dfedive as fa as possble
Unfortunately, in Georgig, as in country with econonty in trangition, it
isdfficult and sometimes inpossbleto folow these prindplesin red
vdue

Gaorgia, s nontAnnex | country, hes no spedific conmritments connected with the reduction of
CGHG arissons but it is not out of the possibility that Georgia will assume in future some pedfic
commitments on GHG armisson redudtion till 2010 in the context of Kyoto Rrotood. Therdfore, pedid
atertion is peid to the d aboration of the pdlicy for the periad till 2010, wht isin acocordance with the

mein oyjective of the Convertion.
Gaorgian Paliamant ratified the Convattion on 29 July 1994. Under the 1996 Order of the
Rresdet of Georgia No 630 Nationd dimete Change Rrogramme hes been gpproved for the years

1996-2000 ad the Sae Commisson on dimae Change Rrablens hes been aeded under the
darmenship of the Minide of Ervironmat. This commmisson corprisad both the Minigers of
different branches, connected with the Qimete Change, known sdatigts and other represantatives of
ady.

At the some ting, in the paiod of 1997-1999 the UNDR'GE~Government of Georgia joint
proged wes inplareted, the mein god of which wes the preparaion of Initid Nationd
Communication to the UNFOOC Confarence of Paties and working out of the Nationd Qimete
Change Adion Han. One of the mein subjjets of this project wes the mitigation of GHG evissons ad
andyssof messuresfor thar ebatamet.

5.1.1. ENVIRONMENTAL POLICY

Theprindples of theevironmantd pdicy and the mechenigrs of itsimplemantation in Georgia
ae s out in the Law on “ Ervironment Pratection in Georgid’, adopted on 10 Decarrber 1996. The
Artide 51 of the Lav concarns the Ainete Change In paticuler it is outlined that the sujjet of
adivities directed to the prevention of globd dinete change is addressad to fdlow the normrs of GHG
arissonsin theamogohere and to inplement the meesLres for their reduction. Thismodan legiddive
framanork rgoresants a pafedt besis far the ndiond evironmentd pdlicy and is fooused on the
fdlowing prindples

*» ThePrinciple of limitation
Accordingtothisprindple dl hanful or undesirableimpeds mugt belimited to the extent rd evant
to the tedicd posshilities At the saretime this linvtation dso mugt be acogptable in economic
view. This prindple is in conformity with the Artide 3 of the UNFOOC and pra/ldes the cogt
effedtivaness of different meesures conoarning theimpect on dimete change

= ThePrinciple of contribution by polluter
Aacoording to this prindple, the contribution of palluter to the messures, directed to the reduction of
the inpact on the evironmant, is established and it suggests the mechaniam besad on the merket
rues
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= ThePrinciple of the public awareness
Nationd organizations should regulaly provide the public with informetion on the gae of the
environment and the messures for itsimproveran.

Cther lans, connetted with the environmentd protection, adopted as wel recartly in the
courtry are the Lav on Weter, the Low on the Rarrission for the BEnvironmentd Protedtion, the Law
onEcdogicd BExaringion |, ec
At presatt, the Lav on Atnogpheic Air Rratedtion is beng considared by the Georgian
Paliament adit will be  submitted for theadoption & theautum sesson of 1999, Badic prindples of
this Lawv areasfdlons
»  To condde and as=ss the inmpedt of huren adivity on the amospheric dr condition while its
planning and implementation, to carry out messlresto avoid amospheric ar pallution;

»  Tooompensaethedamege causad by amosphaicar palution

»  |nmplamentation of amogpheric pratection messures should nat damege ather environmanta
darats

» |nformetion onthegateof amogphaicar mus be tranguarat  and avaladefor thesodety.

5.1.2. ENERGY POLICY

Bdore the dsinteyaion of the Sovig Union, pdicy of Georgia wes rued fram the Certer.
Charadteridicfestureof thispalicy wes theunthrifty consunrption of energy resources. Georgig, infadt,
imported subsidizad energy caries (ndurd ges, ol products , €&c) a symbdic prices from ather
Repubdlics, menly  from Rusda Azabdjan ad Turkmenigen. Georgian enargy sydem wes a
condituet of a n united sysem , rded by the Cate, from  which the ddfidt of enagy wes rdfilled
without ddlay.

Snce 191, eagy aids hes begun in the courtry, the mein reeson of which wes the
establishment of world merket prices on enargy carriers by energy supplying countries. Populaion
begen to use prinitive dedric, organic fud (meinly kerosene ) heding devices. Qutting out of forests
shaplyincessedin - rurd aress . Eoonony wes pradticaly pardyzed.

Gaorgian governmant conddars thet the way out of the created Studionis firg of dl, to use
conpledy enargy resources avalable in Gaorgig, in patticua, hydro power resources and cod
Despite of the fact thet the use of cod in enargy production will cause the dgnificant GHG erissons,

Gaorgiais foroed to take messures directed to the rendhilitation of cod indudtry (the Resdetid deoree
No. 457 deted 27 Augudt 1997). Thiswill ensurethe produdtion of bedc energy by the use of domegtic
sources, what would reduce the dependence on fud expoarting courtries

Gaorgiais one of therichest countries in the world for its hydroponver resources Hydroenergy
patentid of its rivers mekes 80-85 hillion KWh pe year . Economicdly dfedive patertid is 4050
hbillion KWh. By the year of 1990 ovedl proetted output of exising hydro power plants wes
gopraximetdy 10 hillion KWh, that mede 20-25% of econonricaly dfective patentid. Congtrudtion of
1,100 MW cgoadty hydro pover plats hed been dated in the country, thet hed to produce
gpraximedy 3 .3hillionkWh o dedric enargy . Dueto the lack of finendd sources, congtrudtion of
these plants has been sugpended. Therdfore, Georgia possesses Subdtantid resaves of the ecdogicdly
deanegt source for the devdopmant of hydro power produdtion. There is a possihility to construct
100 MW-S00MW cgpedity poner plantsin Gaxrga with thefdloning conventiond gradation: powerful
hydro plats (>100 MW), medium size hydro power plants (10-100 MW), srdl hydro plants (1-10
MW)adminiaddmiao  hydo powe plais(<LM W),

The Governmant of Gergiaiistrying to aege such alggddivebeds whichwill dipu  laethe
devd opment of energy production inthe éboveindicated direction.

On27 dredf 1997, “ThelLaw on Bedtric Energy Produdionin Georgia " wes adopted, aming
ta
=  Povidon of accurae refledtion of the expensss on efedtive production, trangrisson, digpatching

and ddribution of dedric enargy in the taiff sysem through combinin g of conpdition
nmechani 918 and non-compdtitive merket regulation;
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»  Egddishment of legidative beds which is necessary to provide the consumers of dl categories
with debilededriaty;,

»  Ponotion of locd and fordgninvesments atraction aming the rehabilitation and devd oprment of
dedricenagy sdor.

On 3 March 1998,  the Deree of the Resdat of Georgia “On the Devdopmat of the
Utilizetion of Nontreditiond Energy Sourcesin Georgid' wes Sgned, thermein paints of which are
=  Adrision of renewade enargy resouroes use as on e d the primaery branches of Georgian energy
sedtor anving the sugtanebl e devd opment of the country,
= El&boraion of messures pronoting investiments nesded for the utili zation of renewebl e resources;

Acording to  the Reneneble Enagy Devdopmat  Programme the fdlowing messures are
planed inthe mationed Deore
= Povisonof 10-12 %subsdy by the Governmatt to the producers of “ecologicaly dean” energy;
»  Toguarantee by the Government the producarsto purchese energy a reduced prices
»  Tocary out reduosd tax palicy for Ecdlogicaly Aean'” energy producas

5.1.3. TRANSPORTATION POLICY

Trangportation network in Georgiahes ben aregted inthe Sovigt Union under the conditions of
conpleeintegation. Thelogidics of the devd gpment of this sysemreflected theinterests of the Union
and it ill presarves consderadly itsformer gate

Rivatization, caried out without any digind dra tegy, causd indfedtive dlocation of the
forms of proparty. Snce 1990 the levd of trangportation and its infragtrudture savice hes shaply
Oecressd, resuting, in some casss, in aiticdl digrudive Stugtion of the mein fadlities Paymat,
datidicd and menegamant informeti on sarvi ces were broken doan during the trangition period.

Man fegures of theexiging Saeof the country's trangportation sysemare

Obso leeand Sgnificantly dameged mein fadlities
Grett scadity of investmantsfor dl typesof vehides
Ineffetive sygemof the Sate Manegament of transport;
Linited tendendes of technicd innovationsand inprovamants;
Absnee of adenuate datidticd basefor theregigtration of the gate of thebrandh;
Lack of theinformdlionsysemo  neconaicindices

Lack of qudified meneger's.

Trandtion to merket economy under indicated condiitions, formetion of a private ssctor ad
decregse of econonvic rde of the gate changes compledy economic srudture of the country. New
pditicd and econoric conditions |, meinly putting into operation of TRACECA and the trend of its
cgpedtyinesss aresteanew patattid for the devd opment of the country's trangportetion systen

» The inceaedf the ocomedting rde of Georgian parts with outer world and Transcaucasa -Cantrd
Adarggons aswel;
*  Ralwey trangoort getsthefundtions of intendve carier of intemnetiond trangt conmrodity tunover

= Mator-trangport will have the possibility to fulfill nat only the fundtion of the conmodity carrier,
but effectivdy sarvethe trangportation merkets of the region and those of other countrieseswell;

= Shaply dangestherded ar- trangport: & presant, dr trangport isconddared as apatdo svice
sysgamfor Ero-Adan trangport aion corridor.

Thardfore, the country’s new trangport system considers nat only internd  trangport damends,
but it is intended to be usad in the savice of regond and transoontinentdl commodity  trangportation .
This will undoultedy  have saious inpat on ecologicd dae of the ewvironmat of Georgia in
paticla, on genhousegesarisson s
Theamaf theSaeRdicy is
» To dexesse the number of sources of greenhouse ges arissons by meens of coordinged ad

har moniousdevdopmat of dll types of trangport
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» Toaedeasydanf o assessrat and nonitaring of harnful substances arisson (arong them
gresnhouse geses) in the trangportation sedtar;

»  Egpeddly important isdevd opmant of notor highway network . Underthe 1996 Presdanttid deoree
No 338, Governmant commission has been sgt up, which prepared aPresidantid programfor the
reneilitetion and modernizetion of the highways

» Tednicd earindion of nmotor vehides aedion of GHG e xhaut nonitoring  system
corresponding to internetiond Sandards,

» Caiondfalgys laivebedss forlimits , daenining GHGarissonsintheavidion;

» Theatidpaed ail trandt th rough the Blak Sea aredes the prodem Sof ecdogcd ey of s
trangport and the infragtrudture (temrinds, tarkers, ralway and notor-trangport farries) . Anong
them thepradlemof limit  dion of GHG Sisvay inpoartart. The Sate ecdlogicd supervison upon
Carbon dioxide amissions should be conducted by the Minigtry of Ervironment on theseroutes, and
the adivities of the Minisry of Trangport of Georgia caried out in this diretion, should be
Uppdemantary hut, & the sametime vay inportant, induding GHG nonitoring and detadatigtica

processing;
*  Equip mat of ading seaportswith modern tedhndlogiesfor GHG amissions supavison,
»  Traningof eddids
= Anong vaioustypes of trangport, rallway wes nodt integrated in the unified Sovigt sysem It hed

only narow explait  aion function. Under new conditions, when Georgian railway system hes the
possibility of independant deve opment, formretion and determrinetion of itsown rules of functioning,
therallway sygemisfadng the prodlars of quite anew nature and meaning. The system gppeared
to be quite unprepared for thet baoth idedlogicaly, conogptudly, and orgenizationdly;

= One o the inpotat proders of the devdopmat of Georgian trangport is aedion for
nmountainous regions of ecdlogicdly deen pessange, pessager-freight and freght autometized
spedd trangport (cable cable rail, monoral, trdley-bus, ec). The Indicating Han of sodd and
econanic devdopmat of Georgia up to the year 2000 and the 1995 Detree of the Gaorgian
Rresdert No 4 reflects the mogt inportant problars of the devd opment of spedid trangport branch
in Georgiaand ways of thar solution. Respongible for funding the adtivities on the recondiruction
and devdopmat and cedtion of nomd conditions of expldtdion ae ownas-unicpe

organizations, joint-gock conpanies and individuds (phydcd parsons ). Implarentaion of the
conplex of works is goproved by the Governmant on the besisof Yoedd dae  conbined program
"Setdran s—2000 .

The Law on Maotor Trangport wes adopted in April 1995, The law defines the beses for
legidative, economic and orgenizationd adiivity and is rdevant to dl ownas of notor vehides despite
of ther organizationd and legidative farm and subordingion. In October, 1995, the Decree on the
prevention of atnosphericar pallution by harmfull geses, enitted by notor venides ws adopted by the
Caingt of Minigersof Georgia

5.1.4. AGRICULTURAL POLICY

Agricutural paicy in Georgiawes governed fromthe Gater and till 1991 wes meinly direcied
to didy the neads of the Sovigt Union. In paticular, priority wes given to those aops, (teg, dtrus
plants, vine and fruit), cutivaion of which, due to dirmate conditions, was limited or inpossble in
other Republics In soite of great higtoricd traditions, corn wes grown in arel arounts. Subgtantiad
pat of megt and milk wes inmported from ather Republics, hindering devdopmant of cattle bresding.
After the bregk-up of the Soviet Union, Stuation bothin agriculture and other fid ds of econony becare
aiticd. Egtablishmant of world prices on produdts, inported from former Soviet repubdics caused the
necessty  for theinvestment of consideradl e funds by the Governmat for purchesing of vitd agriculture
products

In order to find the way out of the aregted arid's, the Government begen to carry out refars,
the mein of which wes the land privatization. Therformin agriculturd pdlicy is basad upon two mein
ohjedtives; (3) sugtaneble production, which isin conformity with merket demend and menagemant of

49



5. POLICY AND MEASURES TO M Tl GATE GHG EM SSI ONS

addeland and (b) thrifty utilization of naturd resources Themein deant of the conoaat, worked out
for the achievamant of thesedng, isthe ssparation of oot and income palides. In other words, prices
on agricultural products depend upon the merket Stuation and these prices are estddlished, as possble,
for the improvement of econoric repaymat, when within the soope of interests of the population,
finendd compensation, independent fromthe produdtion, isgiven asagrant only in case of necessity.

The progran for the devdopmat of Georgan ayicdtue oconddas the drudurd
reorgani zation of the branch and changing chare praportions of agriculturd argps acoording to the Sate
of theworld merket, compdtitive qudity of domedtic produdts and vitd interests of the populaion. For
exanple nore aress Will be oocupied by ogreds and by besic vepetables. Subdtantid atertion will be
peid to the replacement of locd low-productivity catle by high produdtivity bresds

Riority will be given to ewvironmentdly sound, o cdled organic -bidogcd ayicdture besd
uoon (1) the deressetotheminimum  inagricdturd produdtion and refinary of foss1 fud, pettiddes
ad fatilizars produoad by charmicd synthess (2) dfedive utilization of naturd resources and
meteids of bidogicd orign; (3) presavaion of sl fatility; (4) produdion of ecdogicaly sdfe
foooduff s, c.

5.1.5. POLICY IN FORESTRY SECTOR

Utilizetion of forest resources has long higtaricd treditionsin Georgia Sl in the XII century
Gaorgian kings hed a chief foregter a thdr court, which wes responsble for fores pratedtion and
meintenance In the XIV-XVII canturies numarous enamies ddiberatdy destroyed forests of draegic
impartance Unfortunatdy, inhebitants cut out forest pitilesdy for the purpose of incressing the areafor
ploughlands, hayfidds and pestures. Eqpedidly decressad groves of boxwood and other spedes of
va usbl ewood, which were utili zed and exported from Georgial ong ago. Srabon mantions boxwood, as
an export edesinthe Caucaals. The Ganoansusdtotrade Abkhaz an boxwood, aswe L
Acordingtothenatei  dsof the Sate Archives of Gaorgia datus of forestsin Georgiad the
beginning of our century wies quite poor. As aresult of theintendification of tinber industry during the
paiod of 18851917 Georgan foret fund deressad by 654 thousand hedtares, tha mekes

gpraximetdy 25% of the presant area covered by forests Only in 1912-1916 nore then 100 ,000
hedtares of forests bdonging to noblemen were aut out, though, it shoud be nated that conlicated

landscape and lack of highways during thi's period saved from destrudtion forests of Abkheda, Radha
Lechkhum and someather regions.

Urtil the Ssoond World Wer forestry adtivities in Georgia were meinly direted towerds the
devdopmant of forest industry and intendfication of tinber utilizetion. Snce thet, due to excessive
autting in meny regions of Georgia, mountain forests were rarified to 0.3-0.4 dengty. During the next
peiod, techndlogy and autting intendity normrs were subdtantidly vidated. The autting out wes dlowed
evan in the forets of wate-and soil-saving and rerediond inportance, destroying dmogt only
vauabletress, asareaut of which generd gate and qudity of forests has been worsened. Initid density
(0.7-0.9) has bem lowered to 0.3-04 over the large arees. Snce 1965 indugtrid cuttings in Georgia
were restricted by the Government. Rlanned autting hes bean reduced dnogt 4.5 times for 30-35 years
and by theyear of 1997 it mede’ 500,000m 3

Urtil the 20-es of the XX cantury aforestation adtivities were nat conducted regul aly and they
oovered only sTdl aess Adudly, works in this diretion begen snce 1925-1926. The Teble 5.1.1
shows thet they sharply decreasad in 1991-1996, what wees caused by heavy econonric Situation in the
courtry .
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Tade5.1.1 Dynaricsof fores groning and pratective doregdion
of eroded lands during the period of 1926-1996 (he)

1926- | 1946- | 1966- | 1981- | 1991 | 1992 | 1993 | 194 | 19% | 19%6

veas 1945 | 1965 | 1980 | 1990

Totd doreted aea 3900 140421 | 60807 | 2848 | 2001 | 1233 | 907 | 1023 | 1042
Menanudly doresed 1% | 3314 | 9361 | 6081 | 2848 | 2001 | 1233 | 907 | 1023 | 1042
aea

In the pest, doreddion aea in the Repubic wes limited only by open, woodess aes
Attention wes nat paid to restoration of low-dendity groves becauseit dedt with hard labor. Sncethe
last decades fores fund indudes rarified groves dong with open, woodess aess Snce tha time
considerddly increesad the scde of growing and recongtrudtion of forest gpedies under the coverage of
lon-dendty groves.

Thadore deite of their  egula explaitation of foreds in Georgia during the long peiod,
gncethe mdde of XX century vest reforestation adtivity wes suocoessfully conducted. Besides, during
thelagt 3540 years, as aresuit of groning urbenizetion of the population, in meny regions of Georgia
ayiadturd oanosss werereplaced by forests During the same period, fud damends of populationinthe
Republic have been dnogt stidfied by liquid fud and neturd ges that subdtartidly decressed the
valuredf firevood gore up. Al these subgtartidly tipulated presarving forest resouroes of the country
anditsfurther increese It must be d o mentioned thet the energy aisis, which hes oooured Snce 1991,
causd the sgnificant increese of illegd wood autting, thet hes accordingly decresssd the doresed
aress aound the stlaments The windoreedks in eestern Georgawere espedidly dameged. The legd
andillegd timber exporting hes d o intens fied the Stuetion.

5.1.6. WASTE MANAGEMENT POLICY

Aacoording to the Law of Gaorgi a"On the Brvironmentd Rratedtion”, ecologicd requiremants
to wedte trestmant have bean pedified. In paticua, subjedt of the adtivity must ensure decresse of
indudtrid, resdentid and other wedtes, thar sdfety, utilizetion, dlocation and burid aooording to
envoronmentd, sanitary and hygienic sandards and rules. Allocation of any kind of wegtes in the sea
and ather water aressis restricted. Tax code of Georgiaavisagestaxes onther dlocation.

It is necessary to prepere the Sate legid ation on wedtes, induding the daboration of the pdlicy
of wede menegamat, ther decresse and processing, to work out sandards for ther colletion,
processing and find menegemant, arongthemof  harmful westes.

Responghilities for cdledtion and ramoving are different and depend upon the type of westes
Adninigraions of dties are reqponsible for cdledtion of sdlid munidpd westes and ther ddivary to
landfills Sdlid indudtrid wedtes are within the regponsibilities of each separate entaprise Wedtes are
divided into hezardous and non-hazardous indudtrid types. The firg of them should be ddivered to
goedd burid places and a the saretime, condtrudtion of aplant for their processing  isplanned.

At the request of the World Bark, the proet "Thilis, Gened Han of Solid Weste
Manegamat” wes implamented in 1996 by the Nethelands Conpay  “Hddarmé€' |, inwhich asedd
atetion wes pad to organization  d and edogicd agpedts posshilities of ssoondary processing,
ediding mongary acocountingsandadua | expenses, reveding dd, usdess normetive documents.
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5.2. MEASURESTO MITIGATE GREENHOUSE GASEMISSIONS
5.2.1. CARBON DIOXIDE, CO,
5.2.1.1. ENERGY MODULE

Energy dfidency dmogt in dl ssedtars of Georgian econonmy is, in fadt, vay low. Tab. 521
presants detaon enargy dfidency in dedridty generation using foss| fud. To solve sgparate agpects of
this prodlem the inplemantation of the prgject on renoving barriers to energy-dfidency in municipe
heet and hat weter supdly in Georgiawill gart in 1999 under theass gance of GE-

Table 521 Energy dfidency of dedtric power produdtion (0]

Years 1987 1990 1993 1995 1996
Efidecy 27 5 23 17 2

Man meesres for Carbon Dioxide emission nritigation ae asfdlons
Incresse of theeffidency of dedtric energy production using fossl fud;
Replacemant of thefud with high carbon cons sencewith morelow ones;
Reduction of lossssin the sysemof dedric trangrisson and digribution;
Egadlishmant of energy saving techndogiesinindudtry;,

Increese of enargy efidency in the munidpd sedtor ( glicstion of enagy dfedtive larps,
refriggators  ar- conditionersand  ather nodamn devioss ),

Incresse of theeffidency in heat and hat water supply;,

Usedf geothermd energy for heat and hat weter supaly;

Recongtruction and moderni zetion of the existing hydro power plants;
Rehdhilitation of suspended hydropower plants

Rutting into operation of hydro power plants under congtrudtion;

Rehdhilitation and congtruction of srdl hydro ponve plats

Utilizetion of wind, solar and biomess energy.

5.2.1.2. TRANSPORTATION SECTOR

MegaLresto itigate Carbon Dioxide evisson, to be condudted & thefirst gege ,ae:
*  Renend of notor-park within the country’s economic possibility;
»  Egadishmant of thefinendd palicy tolimit theinport of old, second-hend vehides,
» Ruting in oder of notor-vehide angines in aooordence with technicd noms and practicd
implementation of contrd systen
*  Rodudionandor inport of al necessary types of gesdine
=  Condat contrd of the correspondence of the fud to tedmicd repuirerents and obligatory
trandtion to non-Ethylenegasdine
Inprovemant of highway cover in acoordancewith technicd reuiremants,
Romationto  theequipment of trangport with a@r—desning devices,
Provison of two-raw traffic on intemetiond notorways, avoiding dties,
Rrovison of twoinetrtfic on the portion of SamtrediaBatur of Thilid-Poti-Batuni ralway;
Rutting in operdion of Thilid - Akhdkdaki ralway line

52.1.3. AGRICULTURE

In Gaorgian agricuiturd sector arisson of GO , meinly ooours during the fidd buming of
vepetation waste and production of fodder grain. Anount of GO 2, @mitted during the burming of wegtein
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1990 mede 900  Gg. In 1996, due to the dedine of the branch, this index fdl down to 630 Gg. To
deressethe arisson, wegteis ploughed and dug intothe sai I, oristobeusad asfud. Thiswill increese
the accumulation of Carbon in the soil and decresse eisson of Carbon Dioxide, since utilization of
wedeasfue | deoressesfoss| fud consunption. Patid utilization of fodder grain for energy produdtion
purpose to get hioges is favordde as wd I. It will replace fossl fue | and derease carbon dioxide
arisson, aswel.

Accumuldion of Carbon in the sail, or enhencemant of agriculturd Soils as Srks of cabon
dioxidewill be pronoted by the devd opment of bio-organic tedndogesin ayiadture

During the enargy arisisin Georgiaforest shdtar-bdts on agricuiturd la nds were sevardy ot
out, causng the intensified sail erosion by wind and additiond emisson of Cabon dioxide into the
anmosphare So, conddarabl e dtention should be peid to the restoration and devd opment of these forest
bdtsinfuture

5.2.1.4. LAND USE AND FORESTRY

Toinoese  the phatasynthetic adtivity of Georgian forestsand rasethe accumuidion daility of
revoved QO it isnecsssay:
»  Topreavetheexiding forest cover;
»  To incresse goadfic share of young, high-produdtivity forests (soft-wood trees ad ahe rgody
growing spedes) by means of eforestation of woodess aress;
» Tocaryou intedve recondrudion and rehabilitetion adtivitiesin aut out forests for the inoreese
of forest dengty;
»  Toautivaetreeplantetions

By meens of the esdblishmant of a nodern syle of menegamant in land use  regtordion of
degraded soils on the besis of landred ametion devd opment , the subdatid deresseof GO  @rission s

ispossible

5.2.2. METHANE, CH,
5.2.2.1. WASTE MANAGEMENT

Wegte processing industry doesnat exig, infadt, in Georgia Ealier, therewas acompogt plant
in Thilig, which produced 38,000 tons of conpost annudly. Snce techndlogy of the plant did nat
provide separation of metd, glass and pladtic fractions out of weste, produced compogt wes usdess, o,
there wes no darend on it and it is ot expected to bein future  Due to these and ather reasons, the
factory does nat function Snce 1991. Congtruction of a compogt plant besad on inproved technology
weas dated, but because of the ladk of funds it wes suspended. The househdd garbiege indnerating
factory hed been hilt, but nce the technal ogy nesded enormous consunption of eagy thetrandtion
to merket prices on fuel under current condiitions, mede opadion of the faday econamicdly
unprdfiteble . Soit doesnat fundion a presat.

Mehene arisson fromwestein Georgianmede 144 Ggin1990, or 40%cf itstatd erisson. In
1995-1996, under the conditions of econamic aid's, aission was decreesad down to 72-86 Gg, though,
its peroantege shareinaressad up to 4/%4

Wegte utilization for the produdtion of energy is considered to be vary effedtive messurein the
World practice Energy produdtion by burning organic mess, separated as aresult of weste prooessing,
exdudes Methane arisson, though it incresses Carbon Dioxide arisson. Asawhdlg it will decresse
the amitted GHG amount, Snce genarated enargy will replace the energy, produced by fossl fud. The
ssoond method is diredt utiliztion of Methene as afud, thet is nmore efedtive from the gandpaint of
dimate change , thoughit doesnat solveather ecdlogicd problens
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5.2.2.2. AGRICULTURE

BErisson of Mehereintheagicuturd sector mede 91 Ggin1990. thet is goproximetdy 25%
of thewhde Mahaene arisson . It mainly ooours during the process of fermantation while digesting
food by livesodk (83%9. 15% of arisson is causad by catle menure deconpodition . Mehare
arissonduetobuning  of agricuturd westeisnat subgtartid. In gaiteof thefadt that, during theyears
of dgpression (1992-1996) Methane annud aisson decressad down to 66-67 G, itshaeincressed up
to 43% that wes causad by the decresse from 28-30%6 to 4% of the share of energy production in
methanearisson dueto sharp linitaion of theimports of neturd gesinto Georgia

Ore o the dfedtive ways of Methene arisson deoreese is the introdudion of hio ges
equipmat ("Mah  anetanks’) infaming . Thar cgpedty will dgoend upon thefam scde Acoording to
theinvedtigations carried out by TAQS by the gate of 1990 subgtartid decre a&e of Mehanearission
fromagricuturd wegteis possblein Georgia, though it wil 1 inaresse Carbon Dioxide emisson causd
by biogas burning. Thewor1d practice show s, thet farmers pay greet interest to such equipment, Sinceit
is economicdly profitéble for them and it increese s smitay levd on the fam, as well. There exids
another way of the decrease of Meathene @rission by daenging the fodder conpogtion, eg. to increese
fat and other condtituents, duetowhich thelive-sodk will consumelessfood.

5.2.3. NITROUSOXIDE, N,O

5.23.1. AGRICULTURE

Nitrous Oxide arission is conditioned by catle intesinal fermentation and dissipaion from
nineral Nitrous fatilizers In 1990 its arisson mede 59  Gg, in 1993-1996, when ayricuture wes
destroyed and sharply decressed the amount of fertilizers introduced into the soil, emisson mede only
2627 g In 1990 the country inported 22,600 tons of pegtiddes and 25,000 tons of minerd
fetilizas In 194 thdr amount decresssd to 10,000 and 12,000 tons, repedtivdy. As a result of
aurrant econanic reforns and under stebiilizing condiitions, intendfi cation of agriculturd production and
processing indudtry, e ssions began to inarease Snoe 1996.

The d exress e of arissons is possble by caeful goreading of Nitrous fatilizars, expeddly
during the time period, when growing careds intendvdy aosorb Nitrogen. This mey bath decresse
required mount of fetilizasand N 20 arisson. Indiret way of decressing Nitrous Oxide arisson is
the utilization of wedte, aregted during the production of bioges fromlivegock menure, as afetilizer
Tha is far better arganic fatilizer then menure and decresses the necessity of the use of chamicd,
nitrousfetilizars

Ervironmentaly sound econommic adtivity decressess N 20@arisson, sswdl. Marbarsof IFOAM
from Gaorga ae  Gaagan Agosdogicd Sodey  (dnce 1993) and assoddion of BioFanas
"Bkand' (dnoe 1996). At presant there are goproximetdy 60 ecologicdly sdfe and bio-organic adting
fams in Georga Expaimatal fam a Agosdogicd  Saatificressarch Canter conduds works
snce 1992 to daborae and dissarinde sysens of evironmentaly sound land usein Georgia

5.2.3.2. OTHER SOURCES

Conddadde erission of Nitrous Oxide took place during the production of Nitrous Add. Its
aritted anount of 1.6 g in 1990 decregsad down to 0.4 g in 1994, though since 1996, due to the
revitdization of produdion, it begen to inoreese again. Rossble way of the arisson decresse is
conplete recongrudtion of the Rugavi Chamicd  Entaprisg that is economicdly prdfiteble for the
production, thoughiit requiresrather condderddleinvestments.
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6. PROJECTIONS OF GHG
EMISSIONS

6.1. CARBON DIOXIDE, CO,

6.1.1. ENERGY MODULE

Shae of energy sadtar in Carbon dioxide @rissonin
Gaorgia is nore then 9% Table 6.11 presats Carbon
dioxide psg ad prognodic erissons according to the
branches of economy (sedtors) and Teble 6.1.2 presants
arissons aoording to sub-ssdars of enagy genaaion
sor.

Tdle611 QO pest and forecagted arissionsin various sectors of econormy (Tg)
Sector 1987 1990 1995 2000 2006 2010
= ENERGY GENERATION BB 3381 38| 127416H 21.77-24.60 3L41-36.37
(Fossil fud)
= INDUSTRY 118 14 014 0.20-:0.37 060082 075128
= AGRQULTURE 034 090 055 ne ne ne
=  FORESIRY 126 066 0.78 0.70-:090 0.70-:080 060-0.70
TOTAL 36.09 36.41 5.35| 13.64-18.21| 23.07-26.22| 32.76-38.35
ne - not estimeted
Tae612 QO past and forecagted arissonsin sub-sstors of energy genaration (Tg)
Sub-sector 1987 1990 1995 2000 2006 2010
=  ELECTRATY 6.86 6.63 070 226 | 417430 521-547
GENERATION
=  HEATINGAND HOT 362 553 039 214 | 38415 4.80-6.00
WATER
=  TRANSORT 389 314 143 | 400450 | 430510 500650
=  |NDUSIRY 15 1048 05| 159189 405495 830945
= RESDENTIAL 476 477 047 | 175190 340360 500525
=  ACGRQULTUREAND 229 230 02| 080100 | 160190 250280
FORESTRY
=  OTHERS 088 021 012 | 020025 | 040080 060090
6.1.1.1. ELECTRIC ENERGY GENERATION
Sone daradeidics of the sub-sactor for 1985 — 1995 are presated inthe Table 6.1.3.
In Energy gengrdtion ssdtor evissons are subdtantid during dedtridty gengration. Tale 6.1.2
presmis pest and pro  jedted amissons BErissons for the year 2000 have been cdaulated aocording to
the Adion plan of the Georgian Minigtry f or Fud and Energy
For the asssssmat of GHG arisson levd by the yer 2010 two soaaios have bemn

conddered : soaaio (1) su  ggedts that anud dedridty consunytion per cgoita will reech the 1990
levd, what is goproximatdy 3 200 kWh. Then, considaring the population increese, we will get
dedridty arount necessary for the year of 2010 equel to 17.6 hillion KWh. This arount of dedric
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enagy ey beproducsd: fromhyadro power generation — 10 hillion KWh, fromfoss| fud -7 billion KWh,
fromwind, solar and biomess energy -06-0.7hbllionkwh .
Tae613 Soredwaadeaidicsof enagy genaationin Georgia( TWh)

Production Consumption

Year | Tod Fom Hydo | Indus- | Trans- | Res- | Othas | Losses | Import | Export
fud try port dertid

1935 144 82 6.2 83 10 22 27 25 33 10
1990 142 6.6 76 6.0 10 23 55 26 45 13
1993 101 28 73 19 06 31 22 30 10 03
1995 7.8 0.7 6.1 09 03 24 29 20 07 -

Modernization and rendhilitation of existing hydro power plants and puitting into operdion &

leest soe of the plants now being under condtrudtion dong with the presant day trend towards the
increese of the nuber of adl hydro power plants, mekes red the possihility of production of 10
hillion KWh of dedtric energy by the year 2010.

Wind resources in Gaeorgia are edimated to be 450500 MW, Interest of locd and foreign

invesarsin thisfidd and messures being teken & presant dlow to plan 150-170 MW capedity with the
produdtion of gppraximetdy 500-600 million kWh of dedridty by the year 2010. It is supposed thet
utilization of solar energy for dedtric power genardion will be of aTdl scde dueto its rddivdy high

ood and probebly will meke 50-100 mrillion KWh by the year 2010.
Capadty of Georgian thamd power plants in 1998 mede goproximetdy 550 MW. In the

beginning of 1999 a 250 MW cgpedity ponver unit wes additiondly put in adtion a the
thermd plant. Rehabilitetion of thermdl plantsin ather atieswill give supplarentary 150-200 MW. By

2010, it is nat exduded chenging of dd power equipmat by new one We suppose thet during the
gaeadion of dedridaty fromfoss| fud, the fud will be consumed with the falowing propartion: 75%

neturd ges, 25% black
arisson will meke 521

Gardebeni

al. BEnagy dfidency will reech average world levd of 30% Carbon dioxide
Tg. Snce until now Georgia hes nat gat its own naturd ges and ail, the

courtry’s Governmant mey have to congtruct 150 MW cgpedity thermmdl pover plant on the locd oodl.
In this case according to the cd auldions mede undar soenatio (2), it is quite dear, that GHG erissons
will inceeseby 026 Tgin comperison with scenaio (2).

6.1.1.2. HEAT AND HOT WATER SUPPLY

Before the didntegration of the Soviet Union, hegting systars in large dties of Georgia were

cantrdized and bassd upon the consunption of heet, produced as a reult of conbudtion meinly of
naturd ges and patidly, bladk ail in didrict bailes. Regions located dang the ges pipdine were
suppdlied with neturd ges. Population of villages dso usad wood for heting, and patidly hend-mede
Soves operaing on kerosene and other fud as wall. Acoording to the Soenario (1), energy consunpation
pe cgoita by the year 2010 will reach the 1990 levd. Besides oantrdized hegting systerrs will be
resored in Thilis and other large dties, and in some didrids autononmous systers will be established.
Inguitedf thefadt thet Georgiahas subgtantid resources of geothermd waters, they wereused a avaery
ardl sde nenly, to supply one of the mico-ddrids of Thilid with hat water and heting.
Ratentidly, by the yeer 2010, it will be possble to supply up to 0.5 million inhehitants with hat weter
and hesting, which would prevert consunrption of 0.6 — 0.7 million tons of convertiond fud, meinly
neturd ges, dl and wood. Acoording to the Sceraio (2), for the supdy of 05 nillion of Thilid
inhebitants with hot weter and heding, geothamdl enargy will be used. Resuits of edinetions are
presanted in Teble6.1.2
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6.1.1.3. TRANSPORTATION

Asit isknown, Georgiais crossad by Trangport Corridor Europe-Caucasus Asa (TRACECA),
theanud  freight tumover of which &ter the recondtrudtion of motor - andral -roeds thet isexpedtedin
the nearest future, will reach goproximetdy 40 illion tons Out of this, goproximetdy 30 -40% isthe
share of motor trangport . Acoording to the edimetions, the anud freght tumover mey increese in
future up to 200 rillion tons. It is evidant that TRACECA will beoome the powerful source of Carbon
dioxidearisson. The assessments of expedted evissons of Carbon dioxide over Georgian portion of
TRACECA far nmotor vehides of vaious cgpadty and type combindions have been conducted
Aacoording to them, Carbon dioxide eission per 1 nillion tons of freight gppeered to bewithin 20 ,000 -
30,000 tons. By gpproxinmete assessmatt, putting in operaion of TRACECA with its full cgpedity will
rellt intheemsson of Cabon daxidewithin 1 .2-24Tgbytheyear 2010.

The prgettion  of totd arission of Carbon dioxide in the trangportation setor of Georgiais
difficult, Snce it is impossble to daemine the gate of notor park for prognodtic years. At presatt,
repecemat of vary  oosdlde nmotor vehides by modamn notor park, enagy-dfident  and ecdogcdly
rdaivdy deen trangportaion meens will condderably decrease @rissons, though, it is inpossble to
sy how it will becaried out.

6.1.1.4. INDUSTRY

Carbon doxide amission gipulaed by energy consunyation in the sub-sector of indugtry in 1987
mede 34 % of arisson in enagy sdor . Tdde 6.1 .4 presats the share of emissons by dffeet
branches in the tatd erisson, caused by indudtrid combudtion of fud in the pest ad projected
ase3rat s for theyears 2006 and 2010.

Tdle614 . QO arissons inbranches of theindudry sub-sectar  (Tg)

Sub-sector 1987 1990 1995 2000 2005 2010

Industry 11.55 10.48 0.55 | 1.59-1.89 | 4.054.95 | 8.3-9.45

(Fud combugtion )
»  Med production 6.00 558 023 06038 1518 3640
*  Produdion of building meterids 156 138 001 018 0810 1618
=  Mechinay 146 128 017 035 0.7-09 1013
*  Foodindustry 126 11 04 | 03035 0.6-0.7 1112
*  Podudion of chemicds 080 070 005 | 01502 03504 0.7-08
*  Pgoer production 040 035 0.006 00L | 01015 0303
=  Othes 0.07 008 o - - -

Metal production

Georgia hes large higtoricd traditions of metd production. At presant, the Rudavi  integrated
ironad Zestgoon ded works and farodloy plant are operating in the country. The share of cegt iron
andged produdion inovedl evissonrswasnmo st subdtantid. In Soite of the fadt thet Integrated sed
iron works hes bemn privaized ad tendency of regordion of co-oparaion with former business
patneas (dnilar entaprisss of AY exids, even aooording to the mogt optinidic assessmants of
econonids, the Works may reech a leest 50 % of the 1990 year production by the year 2010. The
Farodloy Rat is in a beter Studion, snce it hes gat 2 % ssgmat of the World's ferradloy
production quota So, as a whde Cabon dioxide erissons from metd produdtion will be ill
subgatidly lesshby 2010 rddiveto the 1990 levd.
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Production of building materials

Carent produdtionisthe modt inportant inthisfidd. Therewere two aperaing poneful plants
of cament production in Georgia but they did not megt even domestic demends of the country —
condderdde partion of consumed camat wes inported. Under the conditions of econaric aids,
caret produdion subgtartidly dedined, though, a presat, tendendes of the revivd ae bdang
obsarved — fadtaries have been privaized and their onnerstry to neke dl eforts for thar recovay. To
meke forecagts of camant produdtion for the year 2010 is rather difficult, Snce they depend upon the
rae of the recovery and devdopmant of buildng indugtry in the country and the conpetitiveness of
Gaorgian camat a theworld merket. While meking forecagts for 2010, we conddered three soanaios
(1) production will reach the 1987 levd, when goproximetdy 1.5 nillion tons of oament wes produced,
and QO , nontedhndogicd arisson mede 0.74 nillion tons, (2) to megt corpletdy the country’ s
damend, produdtion will incresse by 25 % rddive to the 1987 levd, erisson will increese by 0.225
million tons, repedtivdy; (3) half of the cematt, will be produced as aresut of dinker ary buming,
thet will decreesefud consunyation and subssquent Cabon dioxidearissonby 0.25 nilliontons

Meaking forecegts for the valume of produdtion of other building meterids and rdevant Carbon
dioxide emissons is dfficut. We can congde thet thar vaume will reech the 1987 par capitalevd,
but expected incresse of eissions ey be conpensated by replading exigting technologies with modem
enargy-saving ones.

Machinery

There were aradt, automobile car bulding and ohe fadoies opading in Gaorga

consumers of which were meinly Republics of theformer Sovig Union. Adtivation of thesefadtariesin
future & their full cgpedity is doubtful, though, a presant the tendency of the revivd of co-oparation
with dd partnersis being oosarved. Emission forecadt in this fidd mey gopear vary rough and vaiable
withinawiderange

Food industry

Until 1991 conddereble portion of the produds of Georgian food industry wes exported.
Bresking up of treditiond links and low conmpetitiveness of Georgian products & the World Market
dong with ather ressons dedined the produdiion levd doan. Acoording to the assessmants of
econonidts, by the year 2010, food industry should megt demends of the country's population by 80 —
85 % and menege to expart oatain portion of product S.

Production of chemicals

Rugtavi Charicd Enterprise hed no prodlers with consume's of its produds.  Even today,
thareisagreat damend for fatilizers from Armeniaand Azerbaijan. S, planning of the 1990 levd for
its production by 2010 and rdevant emissionsis quite ressonddle

Paper production

Thareis apoweful Papar Fedtary in Georgia, which pradticdly does nat fundtion today. This
enteprise locaed in Zugdidi, can satidy subgtantid part of the country's demend for peper. Wedte
paper hes nat been cdllected in the country since 1991, due to which there is a raher conddardde
resave of weste pgpe & presatt. It is known that produdtion of recyded papar out of weste paper
requires less enargy. S0, it is possble to plan the reeching of the 1990 levd for pegper production by
2010 with adight decresse of arissons

6.1.1.5. RESIDENTIAL SUB-SECTOR

Cabon dioxide arisson in this sub-ssdtor wes meinly sipulated by burning neturd ges in
bailers and for housshald nesds of populdion of large dties (cooking, landaing, €c). During the
years of aids emissons shaply decreasad in this sub-sactar, though, since 1996 oatain inareese hes
bem fixed. At presant, due to intensive adtivities of the naturd ges digtributing private conpanies and
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gret interest of the populdion in econamicdly profitable neturd ges it is redidic to plan the 1990
arissionlevd for 2010 forecadt per cpita

6.1.1.6. AGRICULTURE AND FORESTRY

In 1990 arisson in this sub-sactor mede only 6% of the setor's tatd emisson. Rrogram of
agricuturd devdopmant plans redigribution of arees oocupied by vaious aops, conddaing the
priarities of vitdly necessary produds that mey dhange the pettern from the point of view of energy
resources, necessary for agricuturd adtivities Agricuiturd mechingy in Georgiaiis rather out of date
Along with the improvemant of the econony, it will be redaced by energy-saving, nodern equipant,
which will catainly reduce anmount of Carbon aritted per product unit. While meking the prgedtionsiit
was avisagad thet by the yeer 2010 the country is to provide its populaion with bedc agricuiturd
products and raise the production of traditiond exported goods Thereis oatran resarve far the decreese
of emissionsin foresty provided by the adeguate menegament. Rrgjections d <o gipulae the tendency for
theinaresse of tinber export from Georgiato neighbouring countries, meinly to Turkey.

6.1.2. NON-ENERGY AND OTHER SOURCES

Cabon dioxide tedndogicd erissonin theindudrid sedtor is meinly connedted with cemant
production. Techndlogicad arisson per aneton of camant production mekes goproximetdy 0.5 tans of
Cabon doxide Table 6.1.5 presants pest and projected eissions of Carbon dioxide in the indudtrid
sor.

Tae6.15 . OO, tedndogicd arissonsin oarant adamonia  produdion (Tg)

Sector 1987 1990 1995 2000 2005 2010
Industrial processes 1.18 1.04 0.14 | 0.20-0.37 | 0.60-0.82 0.75-1.28
= Cament production 074 064 003 009 | 035045 0.750.85
= Anmoniaproduction 032 033 010 | 020025 | 025030 | 00070332
=  Ohes 012 007 001 003 007 010

Seoond, veary subdtatid source of Carbon dioxide emission is Anmonia produdtion. At the

Rugavi Ammonia produdng etapriss which meinly  produces fatilizars techndlogicd  Carbon
doxide can be uilized in the produdtion of a vaduadle fetilizar — the Urea It is economicdly vary
profitable and requires subdtantid investmant (goproximetdy 70 million USD), that isthe new owner is
trying to atract & presant. We can condder two soenarios to forecest Carbon dioxide erission from
Anmonia produdtion by 2010 (1) anmonia production will reech the 1990 levd, aeged Carbon
doxidewill bearitted into the atmosphere; (2) aregted Carbon diaxide will be corpletely utilized inthe
Urea production.

6.1.3. SINKSAND RESERVOIRS

Asitisknown, arount of GO ,, absorbed by young and nidd e eged forests excesds the arount
o QO, rdessed duing the  corbined eocosysem respirdion . Bath produdtivity and Carbon
acurudionintendty  forthem aehigh

In meture and vary dd foregts, which areiin late “successive’ or “dimex” sege largest part of
biomess , produced by GO , dusorb tion as a result of photosynthesis is usad in the prooesses of
repirdion of plants and heteratrophic organisns. At thistime baance between absorbed and rd essed
QO, daply fdls dom ad somdimesis equd even to zero, as aresut of which incresse of biomess
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andof Carbon resarveisvary sTdI or does nat ooour & dl. Such ecosysens aein rdative (dimedtic)
balance with the environment.

Adivities to daenine vaious parareeas of Gaorgian forests, as a Cabon resavoir and
removd  of QO , from the amogphere, were caried out meinly on the bed's of the data of the Forest ry
Depatmant of Georga |, according to the 1POC Guiddines Besides locd ad fordgn sdetific
publicetions and methodol ogi es have been usad.

In soite of the fact thet the resarves of biomess and Carbon, accumulated in Georgian forests
aeraha high (205.9 million tons of O), average rddiveincramant of the biomessis srdl (1.3 %), thet
indicates dd age and low produdtivity of theforegts,

In anumber of Eurgpeen countries, indices of the rddive biomess incamant ae much higher:
in Audria3%g Bdgum4.6% Demark 5.2% Finland 3.8% France3.8% dc.

In Georgia young forests occupy only 6.9% of the arep, covared by forests. Thar share in
ovadl resavesof  biomess mekes 1.5% Midd e aged forests oooupy 47. 7% of atatd areg, whare 37.3
%aof biomess reaveis accumulaed. Maure and old forests oooupy 45.4% of the areg, and 61% of a
tod biomessresave rdaive  biomessinaremant of which or Carbon accumulation aaility is quitelow.

As arealt of effedtive menegamant in the forestry and the conduct ion of planned meeaures it
is possible to decrease Carbon dioxide eisson, though its quartitative egtimetion is conplicated. For
the orietaion, the 1990 arissonlevd mey betaken by theyear 2010.

6.2. METHANE, CH,4

6.2.1. WASTE MANAGEMENT

While forecegting the Methene emissions, expected change of wedte quartity and quditative
conypadition have been teken into acoourt. Foreexample by theyear 2010, it is expected that munidipd
wegte will be of the fdlowing compogtion: organic mess 3% cardboard/peper 34% textile 5%
metds 5% glass 3% wood 3% pladtics 4% and the rest 7% Considering thet the country's econony
and living gandards of the populdion will reach the 1990 levd, veues presmted in the Table 6.2.1
have bean dbtained. Two soenarios have bean conddeared. Acoording to the scenaio (1) proocessing
(recyding) of wegte is not condudted. In this cass Mehane a@risson will be within 150-170 &g
Aacoording to the soenario (2), dedtric power plants, operaing on weste, will be congtructed with overdl
processing capedity of 400,000 tons of weste annudly. Methane arisson will decresse goproximetdy
by 20 Gg, though, Carbon dioxide erission will be within 350-400 Gg. This meeaure like dl other
ones, connected with wedte processing, is quite expendve and its inplementation is possble only by
means of forégn investmeants.

Tdble62 1 CH 4 pest and projected emissons (Gg)

Emisson source 1987 1990 19% 2000 2006 2010
Wede 1564 1443 719 80000 | 10001200 13001700
Agriculture 1086 €09 636 654721 8251 102.4-1099
Vodileamissons 1132 1026 6.5 110135 37040 7401000
Other sources H4 204 10 150-200 20020 300350
Total 413.6 358.2 153.0| 171.4-195.6| 240.2-294.1| 336.4-414.9

6.2.2. AGRICULTURE

Methene eissions from agriculture have been estimeted for the years 1990-2010 according to
IPCC Guiddines Vdues of parargters to be introduced are presated in Tadle 6.2 2. It shons tha
nuher of cattle wes decreesing Snoe 1985, as subdtatia amount of meat and milk wes inported from
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oher Republics  Numbe of ctle  dragtidy  decressad in 1995 -1996, though, rddive to ather branches
of economy, theinpeadt of the crissweslesshere

Tdle62 2 Daaonthenurbe of domesticanimes( inthousands )
tocdadaeCH 4 arissonsin Georgian agricuture

Emission source 1987 1990 19% 2000 2006 2010
Dairy catle 597 52 486 500-560 600-650 660-700
Non-dairy cdtle 99 746 429 450500 700-800 950-1,000
Fgs 1,150 80 307 600-700 900-1,000 1,000-1,200
Rouitry 24,342 2,79 12290 [18000-20000 |22,000-24,000 |25,000-28,000
Sep 1838 1550 ™4 750-800 800-850 900-1,000
Goas 100 8 30 60-70 8090 0100
Horsss 24 2 2 325 2528 527

While daenining pararetars for the years sdedted for the condderation, we supposed thet
nilk and megt production will continue to grow urtil the year 2000 with the rate of 1995 -1997 ad by
the year 2010 will reech the 1985 levd per capita Some indices by 2000 -2010 will show the decresse
For exarple use of horses as cariers in villages will be economicdly ineffedtive It is supposad as
wel that numbe of shegp will nat reach the 19 85 levd, dnce Georga can nat use in winter the
pestures, located on the southern tarritories of Russa

Mehene emissons efimated for sdedted years are presated in Tadle 6.2 3. Brissons will
digitly, by 7 -8% exosad the 1987 levd. While meking egtimetions; it hed bean teken into acoourt thet
locd bresds of catle will be patidly replaced by high-produdivity ones The sare table presants
Methene eniss ons during the process of fidd burming of agriculturd wegte

Tale6.2.3. Pt and forecasted CH 4 emissonsin agicdture (Gg)

Errission source 1987 1990 19% 2000 2006 2010
Enteric fermentation 1069 8.0 63| 642709 8L7-936 | 1006-108.1
and menure decormpasition

Waste burning 17 18 13 12 15 18
Tot al 108.6 90.8 67.6| 65.4-72.1| 83.2-95.1| 102.4-109.9

6.2.3. OTHER SOURCES

Qut of ather sources very inpartart are valaile evissons from fud, which hed alarge sharein
Mehere tatd erisson until 1990 (goproximetdy 25 -30%). Snce 1990 shaply decregsad import of
neturd ges. Decresse of cod production and, therefore, Methane e ssion decresse, was connected with
norHprofitableness of the branch. Cod is nat adudly produced since 1995 -1996. No subdatid
resves of ail and gas have been found urtil now in Georgig, though, exploraion works give rather
hopeful resuits S, the Governmant hasto condder the proldem of cod mining restoration, according to
vaious assessrantsupto 0.6 -LOmillion tons annudly. Scde of nining will depend upon meny hardy
foresedble  fadors, as a resuit of which prognodic emissons will be given within wide range
Intendfication of neturd ges supply is bang dbsarved today in Georgia, as well. Ges digtributing
organi zeti ons have bean privatized. Interest of gas supplying companiesin theindugtrid sector, increese
of popul ation solvency and econammic prfitebility of replading ather fossil fud with naturd ges, givethe
gondstoplan, e leet 75 -100% of the 1990 levd  of naturd ges conaunpation for the year 2010.
Corresponding figures aregiveninthe Teble 6.2.4.
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Tdle62 4. CH,vddileerissonsfromfud (&)
Fud 1987 1990 195 2000 2006 2010
Cod 216 128 06 1015 2040 6.0-100
Neturd ges R6 N5 54 100120 360500 63.0-90.0
Total 114.2 103.3 6.0 11.0-135 37.0-54.0 | 74.0-100.0

Mehene erission from other sources does nat excead 10% of its overdl erisson. Making
ararsinthar forecagting will not be of any inportance

6.3. NITROUSOXIDE, N,O

6.3.1. AGRICULTURE

Share of agicdtue in ovadl Nitrous Oxide arissons mekes goproximedy 75-80%
BEmissons of Nitrous Oxide from agyiculture were egtimeted for the period of 1987-2010 according to
IPCC Guiddines Pararders to be conddarad are presated in Teble 6.3.1 While daernining these
perarees for sdetted years it has bean conddered thet as aresult of conducted messures, utilizetion
of Nitrousfertilizarswill decresse rddiveto the 1990 levd, and aress under cropswill be re-digtributed
aocoording to econonic intarests of the country. Daa on the nuber of catle necessary for the
egimdions, aepresanted in Tale 6.22. Reslits of cdaddionsaresunmaizedinthe Tdile 6.3.2

Tale631 . Mingd fatilizasusedin agricuituread
aessoccupied by bescaops  inGaaga
Paramgter 1987 1990 19%5 2000 2006 2010

Usedf nmingd Nitrous 1178 67.6 20 | 150200 00350 550600
fatilizars , &g
Maize , 10° ha 119 1070 ne| 100120 | 100120 130150
Whest , 10° ha 289 300 e 4045 50-60 0120
Odt,10° ha 431 4638 e 035 4045 50-60
Vegetables , 10° ha 703 637 ne 5060 60-70 8090
Fits 103 ha 1506 1512 ne 120140 130150 130150
Ggpes(ving ,10% ha 1192 1128 ne 60-70 60-70 5060
Ten, 10° ha 67.3 623 e 1012 1520 2025
Soybeen, ben s,10° ha 272 206 ne 1520 2025 4050

ne—not estimeted
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6. PROJECTIONSCOF GHGEMISSONS

Teble632 Poeded arissonsof N

0 inGeogan agicuture (Gg)

Emission source 1987 1990 1995 2000 2005 2010

Aninel 312 280 166 178197 2.32-25%6 273297

- 480 305 0.% 0.72-04 143167 262-285
Use df fertilizars

7.78 5.85 2.61 2.50-2.91 3.75-4.23 5.35-5.82
Total

6.3.2 OTHER SOURCES

BEmisson of Nitrous Oxide in the indugtrid setor wes actudly caused by the production of
Nitrous Add and mede 15 -20% of ovadl arisson. Large darend for this product and the trend of

resortion of its production in 1995 -1997 mekes it red to plan by the year 2010 the 1987
avissonlevd.

Qut of aother sources (energy generation, foredtry, ec.) arisson of Nitrous Oxide mede only 5-
Todf thetotd erisson. BErors mede during ther projection will nat result in condderable changesin
forecadting their tatd evissons

Tade 6.3.3 presmts vaues of pegt and
fromthe table by theyear 2010, decresse of evissons

-1990

proeted erissons of Nitrous Oxides Asiit is ssn
rddiveto 1987levd  isexpetedby 20-27% .

Teble633 N ,Opast and prgected emissons (Gg)

Emission source 1987 1990 1995 2000 2005 2010
Agriculture 7.78 584 261 250291 375423 535582
Industry 1e2 le6l 053 120-130 150-160 150-160
Other sources 048 044 013 020030 0.30-040 040050

Totd 9.88 7.89 3.27 3.90-4.51 5.55-6.23 7.25-7.92
InCO , equivdet 3136 255 1046 1248 1779 2320
1443 1993 2534

6.4. UNCERTAINTIES

Forecadting GHG eissons in countries with econony in trangition, and espeddly in Georgia,
which, fromthe pdlitica paint of view, is Stuated in arathe tenseregion, is very difficut and in most
cass, dnogt impossble Besic informdtion on prgjedted vdue of country’s  mecro-economic
perareters upon which assessmants should be basad, does nat exigt nat only for the yeer 200, but even
for the some nerest years.: This is Sipulated by those numerous fadtors, menegemant, planing ad
regudion of which are nat within the country's possibilities They are firg of dl, vaiability of the
evaution of pdliticd prooessss in the world and multi-verson possihilities of solving econamic
prodlers of drategic importance coning out of them As an exanrple we mey darondrate so cdled
"Big GII" route sdedtion, upon which determingtion of the priarities in the economy of Georgia will
gredly depand. Devdopmat of energy produdtion, the mein sador of GHG arisson, is lagdy
dependant upon the hardly projectadle factors: the results of oil and naturd ges surveying works, scde
of fordgn invesmants dc. There ae unoatdrties in the progpedts for the rehabilitation ad
devdopment of the industry, Snce, in saite of the fadt that mogt part of the enterprisss is privatized,
owng's are unddle to recongtrudt and modeamize them, due'to theladk of funds They @mto mekether
products conptitive a the world merket, in most cases, they even cannot menege the rehahiilitation of
enteprises Gaorgig, as a country having subdtantid trangit  cargo turnover potattid, hes quite good
prospects for the devdopment of trangportation sedtor, forecedting of the redizaion of which is
comnected with lats of unoatainties aswel.
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6. PROJECTIONSOF GHGEMISSONS

Rroceeding from the mentioned above, calauldion of GHGerissonprgetedvdues  ae besd
upon catan, in frequent cases perhgps rough goproximgion s, ad the vdues tharsdves may be
considered only as positionHfinding ones.

We hopethat in the saoond Nationd Conmrunication of Georgiaiinformetion on CGHG prgected
vaues will be more rdidde and with less erars basng upon the falowing conditions: (8 Rditicd
stehilization process in the country; (b) Intensive legidative adivity, (¢) Adivaion of process of
reforrs, (d) Tendency to the increese of the interest of foreign invetarsin the economy of Georgiag, (€
Support by devdoped countries (f) High intdledtud possibilities of Georgien popultion (thet is
frecuently mentioned by fordign exparts).
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7. TRENDS OF CLIMATE CHANGE AND VULNERABILITY ASSESSMENTS IN ECONOMY AND NATURAL ECOSYSTEMS

/. TRENDS OF CLIMATE CHANGE
AND VULNERABILITY
ASSESSMENTSIN ECONOMY
AND NATURAL ECOSYSTEMS

7.1. CHANGESOF CLIMATIC ELEMENTS

Episodic observations on the air temperature began in Georgiain
1836. Since 1844, due to the establishment of Thilisi Magnetic and
Meteorologica Observatory, these observations were carried out on a
regular basis. In 1862 systematic observations started on atmospheric precipitation and other
meteorological eements, as well. For the beginning of 20-th century more than 90 meteorologica
stations were functioning on the territory of Georgia and this makes it possible to assess quantitatively
the character of changes of the main climatic elements in this country with its complex geography.

7.1.1. AIR TEMPERATURE

The distribution of mean annual air temperature is given on the Fig. 7.1.1. It follows from this
map that on the territory of Georgia can be distinguished 2 warmest regions. the Kolkhida Lowland
with the bordering Black Sea shore line areas in Western part the country and Kartli and Kakheti
valeys in the Eastern part. The average annua temperatures here are reaching 12-14°C. In the
mountain regions of Great Caucasus and South Georgiathis val ue varies between 0-2°C.

On the background of these averaged temperatures different changes of air temperature took
place during the current century. The longest observationa series has Thilisi, the variation of mean
annual temperature for which in the period of 1845-1995 is given on the Fig. 7.1.2. The analysis of
that data on the basis of linear approximeation leads to the conclusion that for the last 100 years the
mean annual temperature in Thilisi has increased by 0.7°C. The growth tendency is aso revealed for
the minimum and maximum temperatures (Fig. 7.1.3). The precipitation amounts have changed
insignificantly, but wind-speed and the frequency of cloudless sky has decreased a most twice.

For the determination of the air temperature change over the whole territory of Georgia the
observational datafor 90 stations has been anaysed for the period of 1906-1995. On the basis of linear
approximation the trends of temperature change have been derived. The data gaps were filled using the
correl ation between nel ghbouring stations.

The results of the anaysis are presented on the Fig. 7.1.4. It can be seen on this map, that in
the current century the mean annua temperature in Western Georgia was characterised by the small
decrease. The biggest decrease by -0.3-0.5°C is established in the high mountain areas of Svaneti and
Ajara. In other areas the temperature decrease varies in the range of -0.1-0.3°C. The opposite picture
has been revealed in Eastern Georgia. Here on the most part of the territory the rise of temperature has
been determined in the range of 0.1, 0.5°C and in some areas that value has exceeded 0.5°C. The
narrow strip of temperature decrease has been fixed in Inner Kartli and Javakheti regions. The
contrasts between mean temperature changes are revea ed more sharply in the cold period of the year
(November-March). For the most regions of Western Georgia the temperature decrease in this period
made -0.3°C, but in the central regions of Eastern Georgia its growth exceeded 0.5°C. In the warm
period of the year (April-October) amost in al regions of Western Georgia the temperature change
varies between -0.1, +0.3°C and more, but in Eastern Georgia a narrow zone of temperature decrease
by 0.3-0.5°C is stretched over the areas of Javakheti and Inner Kartli. In other regions of Eastern
Georgiatemperature increase by 0.3-0.7°C is fixed.
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YEAR
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FIG. 7.1.2. CHANGE OF MEAN ANNUAL AIR TEMPERATURE IN TBILIS
DURING 1845-1995

et

YEAR

1920 1040 1960 1080 1090

FIG. 7.1.3. CHANGE OF MEAN MINIMUM (A) AND MAXIMUM (B) AIR
TEMPERATURESIN TBILISI FOR THE LAST 100 YEARS
1-NORM, 2—-TREND
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7. TRENDS OF CLIMATE CHANGE AND VULNERABILITY ASSESSMENTS IN ECONOMY AND NATURAL ECOSYSTEMS

The results obtained are in good agreement with the more generdised data of the analysis,
carried out by the IPCC in 1995 [4]. In particular, the decrease of temperature in Western Georgia
reflects a tendency of cooling over the Black Sea and neighbouring regions, clearly revealed in this
investigation by the comparison of mean air temperatures between the periods of 1995-1974 and 1975-
1994. Eastern Georgia, in contrary, appeared under the influence of warming processes, spreading
over the territories of Central Asia and the Caspian Sea basin. Concerning the spotty character of the
distribution of temperature changes over the territory of Georgia, it can be ascribed to the complex
nature of atmospheric circulation over the complicated relief of the country. The examination of this
problem on the basis of mathematical modelling is one of the objectives for future research.

7.1.2. ATMOSPHERIC PRECIPITATION

The distribution of mean annual sums of precipitation on the territory of Georgiais given on
the Fig. 7.1.5. It is evident from this map that this distribution has a clearly expressed regiond, and
within the regions — spotty structure. In most regions of Western Georgia the precipitation totals vary
between 1200-2400 mm, reaching in some areas 2800 mm. In the most parts of Eastern Georgia the
annua sums meke 500-600 mm, varying in mountainous areas in the range of 800-1400 mm.
Maximum precipitation (up to 4500mm) is registered in the mountains close to Batumi and the
minimum (360 mm) in lower parts of Mtkvari Valley, south of Thilisi.

The analysis of precipitation change patterns during the current century was not possible for
such along period of time, as it was carried out for air temperature, because in different times there
were made many changes in the observational methodology. It was possible to reconstruct the uniform
series only for the period of 1937-1990, which was divided into 2 parts: 1937-1963 and 1964-1990.
The results of the comparison of averaged precipitation totas for these 2 periods are given on the Fig.
7.1.6.

The analysis of this map shows that tendencies of precipitation changes in the main 2 regions
of Georgia are not so differing, as it was in the case of air temperature. Clear tendencies of
precipitation growth are evident on the Kolkhida Lowland, in the environs of Surami Ridge (5, 10%)
in eastern part of Kakheti (5, 15%). The letter, it seems, is under the influence of the Mingechaur
Reservair. The significant decrease of precipitation totals (10, 15%) are observed in the mountai nous
zone of Ajara and in the eastern sector of Great Caucasus. On the rest of country® territory the
changes of precipitation sums are fixed in the range of + 5%.

Similar to the temperature, more sharp changes have been reveded in the cold period of the
year. In particular, significant growth of precipitation (up to 20-30%) has been fixed in the southern
part of Ajara and in Eastern Kakheti. At the same time considerable decrease has spread over the
southern slopes of Great Caucasus. The increase of precipitation by 5, 10% is noted in the Kolkhida
Lowland, Inner Kartli and in Javakheti.

In the warm period of the year most significant growth of precipitation (up 10, 15%) has been
found in the Kolkhida Lowland. Sight increase (in the range of 5-10%) is reveded in parts of Western
and Eastern Georgia except eastern sector of Great Caucasus.

The topics discussed above were anaysed in the framework of the Nationa Climate Change
Program of Georgia, which was launched one year before the beginning of the project GEO/96/G31.
The obtained data were used as a basis for the vulnerability assessments in different sectors of
economy and in natural ecosystems and for the approximate projections of possible climate changes
and relevant adaptati on measures in the near future in specific regions of Georgia
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7. TRENDS OF CLIMATE CHANGE AND VULNERABILITY ASSESSMENTS IN ECONOMY AND NATURAL ECOSYSTEMS

7.1.3. ATMOSPHERIC CIRCULATION PROCESSES

In Transcaucasia, particularly, over the territory of Georgia, formation of weather conditions
occurs as a result of intensive impact of those large-scale circulation processes, which start on the
Eurasian continent, in the North Atlantic and its neighbouring arctic basin (Fig. 7.1.7) Annua
distribution of the recurrence of the impact of these circulation processes upon Georgian territory has
been established on the basis of synoptic data. Results are presented in the Table 7.1.3.1.

Table. 7.1.3.1. Recurrence of the influence of different circulation processes upon Georgia (%)
according to months

Process I I Il [\ \ VI VI | VI IX X XI XIl
M. 11.8(12.9(12.3/8.6 {5.8 13.0(2.0]1.1|4.4|8.0(13.8|16.3
Ay 3.813.3/4.5|5.1|8.2(14.7(15.9(18.7(9.9|8.9|4.7|2.3
I 6.9/7.3/85]7.1{9.9/8.9]8.7|8.2(10.1/10.5|7.6|6.3
Ny 5.314.2 7.6 12.1|11.0(10.1|8.7 (11.8(12.9|8.4|4.8|3.1
Sy 14.2117.0(9.2 |16.9 | 7.9 - - - 6.1|7.9(13.4(17.5
AL - - - 8.5(10.9(23.0(25.1|20.3|9.4 | 2.8 - -

1. Mediterranean Depression (M )

During the period of the influence of the depression, relative to the transport of cyclonic
formations eastward, expansion of warm and humid air masses occurs over the territory of Georgia,
and frequent precipitation is observed. The process often has a serid character. Asiit is seen from the
Table 7.1.3.1, the influence is intense during a cold period of the year, the maximum vaue of its
recurrence is observed in December (16.3%).

2. AzoresHigh (Ay)

Relative to the expansion of the ridge of high pressure from the Atlantic Ocean eastward, in
Georgia, during a warm period of the year, mainly the expansion of cool and humid air masses is
observed and during the cold period — the expansion of both warm and cold, as well as humid, air
masses occurs. Precipitation formation is stipulated and western winds prevail. The influence occurs
during the whole yearlong (Table 7.1.3.1), but its frequency considerably increases in summer (the
maxi mum val ue of the recurrence - 18.7% is observed in August).

3. Icelandic Low (1)

In case of the shift of cyclonic formations from northern regions of the Atlantic Ocean to
south-east, in Georgia, during the whole year, intensive expansion of cold and humid air masses
occurs. Abundant precipitation is observed in Western Georgia, western winds intensify (especidly in
Eastern Georgia). The influence has a seria nature. Asiit is seen fromthe Table 7.1.3.1, recurrence of
this influence during the year is distributed relatively uniformly. The maximum s observed in October
(10.5%) and the minimum — in December (6.3%).

4. Northern (Arctic) High (Ny)

In case of an anticyclone developed in the Eurasian section of the Arctic basin, or deep
expansion of its ridge to the South, penetration into Georgia of very cold air masses around the
Caucasian Range is observed both from the West and the East. Especialy low temperature regime is
created in Georgia. It is remarkable, that an average recurrence of this influence is rather high during
the warm period of the year (Table 7.1.3.1), the maximum is observed in September (12.9%).

5. Siberian Anticyclone (S)

The influence of the Siberian (Asian) anticyclone upon Georgia is expanded from the North-
East or the East, therefore dry weeather conditions or with small precipitation, and cold and weak winds
are mainly predominant this time in the eastern part of Georgia Very often, relative to the
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development of foehn processes in the Western Georgia, rather strong eastern winds are observed on
relatively high temperature background. Greatest part of the recurrence of this influence is observed in
winter months (Table 7.1.3.1), the maximum being observed in December (17.5%).

Fig. 7.1.7. Influence of circulation processes upon Transcaucasia

6. Asian Depression (AL)

During the influence of this depression, the gully of summer therma cyclone is expanding
from the south-east, as a result of which dry and hot air masses are formed over the territory of
Georgia. Minimum temperature on the lowland does not fall below +20°C, and a daily maximum
exceeds +35°C. Recurrence of theinfluenceis the highest in July (25.1%).

Analysis of the influence of indicated circulation processes upon Georgia shows that if
recurrences of the influence fluctuate within average vaues, then formation of any substantia
temperature anomalies does not take place in Georgia and on the contrary, in case of substantial
deviation of the recurrences, temperature anomalies are created as an adequate reaction. We are
presenting some exampl es.

Cold 1907 year. This year was remarkable for the activation of the influence of Siberian
anticyclone (cooling factor). Deviation of the recurrence of this influence from average value in
January, February, March, April and November made 16.3%, 6.8%, 78.6%, 143.9% and 60.5%
respectively. Recurrence of influence of Arctic High was aso substantia in September, the deviation
from average val ue of which made 95.6%.
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Cold 1949 year. During the winter months of this year, very low activity of the influence of
the Mediterranean depression (warming factor) was remarkable. Deviation of its recurrence from
average vaues in January, February and December made -65.1%, -70.8% and -62.3%, respectively.
On the other hand, influence of Siberian anticyclone was rather active deviation of the recurrence of
which from average values in March, April, May and November made 78.6%, 70.7%, 212.5% and
85.2%, respectively. Recurrence of the influence of Arctic High appeared to be substantial, as well, in
April, when its deviation made 86.0%.

Warm 1937 year. This year was remarkable for considerable activation of the Mediterranean
depression influence. Deviation of its recurrence from average va ues in January, February, March and
April made 66.6%, 29.4%, 60.5% and 93.0%, respectively.

Warm 1966 year. This year, too, was remearkable for the activation of the influence of the
Mediterranean depression, deviation of the recurrence of which from average vaues in January,
February, April, November and December made 207.6%, 41.2%, 110.5%, 119.8% and 12.1%,
respectively. At the same time, the influence of Siberian anticyclone was less active, deviation of the
recurrence of which from the average values in January, February, March, April, November and
December made -65.1%, -61.6%, -8.9%, -21.0%

During the recent decades, the tendency of temperature increase is being observed in Georgia,
especidly in its eastern part. Snce formation of the temperature regime is greatly affected by the
influence of the Arctic High (Ny), we present the data of deviation of the recurrence of this influence
from the average vaues (Table 7.1.3.2) in the warm season of the year for two periods — years 1900
1920 (cold period) and years 1978-1998 (warm period), which are in a certain correlation with the
periods of corresponding temperature change, derived in [1]. As it is seen from the Table 7.1.3.2, in
1900-1920 recurrence of the Arctic anticyclone influence was more than the average one (annua
deviation made, on the average, 25%), that made a certain contribution into the formation of relatively
low temperature regime. And during the last 21 years — vice versa, |ess recurrence than average values
of this influence was frequently observed (annua deviation made, on the average, -32.9%), that
stipul ated the temperature increase for the last years. Smilar conclusion has been obtained as a result
of anaysis made for the winter months.

Table 7.1.3.2. Deviation of the recurrence of Arctic High (Ny) influence upon Georgia from average
values (%) in the warm season of the year (April-October) (1900-1920 and 1978-1998)

Year % Year %
1900 101.8 1978 65.1
1901 -45.0 1979 -35.8
1902 46.8 1980 -72.4
1903 37.6 1981 -72.4
1904 19.3 1982 60.0
1905 65.1 1983 19.3
1906 46.8 1984 -63.3
1907 -63.3 1985 -35.8
1908 -45.0 1986 -72.4
1909 65.1 1987 -72.4
1910 -72.4 1988 -45.0
1911 74.3 1989 -72.4
1912 60.0 1990 -45.0
1913 -26.6 1991 -26.6
1914 46.8 1992 28.4
1915 92.7 1993 -8.3
1916 -35.8 1994 -8.3
1917 37.6 1995 -90.8
1918 -26.6 1996 -26.6
1919 111.0 1997 -45.0
1920 37.6 1998 -72.4
Average 25.1 Average -32.9
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Therefore, it may be concluded that certain changes of large-scal e circul ation processes played
a considerable role in the formation of a positive temperature trend in Georgia, that, first of al, was
revedled in the weakening of the influence of those circulation processes, which stipulate the
expansion of cold air masses over Georgia (particularly, of Ny influence). It should be noted, that the
wesakening of the Arctic High was apparently conditioned by the evident increase of temperature to
the north of Siberiaduring the last decades, that is fixed in recent |PCC data[4].

All these denote, that in the atmosphere there has been created such a trend of the
development of globa processes, that should provide preservation in near future of circulation
conditions that stipulate warming. However, it can be supposed that, on the warming background,
negative temperature anomalies should take place in Georgia, as well, sometimes substantial ones,
since formation of temperature anomalies is the result of overal effect of the influence of various
circulation processes, that is characterised by a rather complicated dynamics. Therefore, the next
stage of our investigation should be devoted to specification of the peculiarities of the dynamics of an
overall effect.

7.1.4. PALEOCLIMATIC DATA

Almost during the whole late Pleistocene and Holocene (Postglacia Epoch), continuos
sedimentation took place in marine and land stratitypica cuts over Georgian territory and as a resuilt,
five Palynezones of Holocene has been distinguished. According to Blitt-Sernander scheme, | and Il
zones belong to earlier Hol ocene, Preboreal and Boreal periods, I11-1V zones to Atlantic and Subboresl
periods, V zone corresponds to later Hol ocene (Subatlantic)

Most of cuts investigated, are made on the Abkhazian territory. They are distributed, more or
less evenly through al vertica vegetation belts. Subfossil samples have been taken as well, aong the
transacts, passing through present |andscapes from coastd |owland to a high-mountain region. Totally,
2000 Holocene and 100 subfossil pollen spectra have been analysed. Therefore, a large amount of
actual data have been collected, alowing to construct general model of vegetation and climate
development both with quditative characterisation and detailed quantitative data. Methodol ogica
basis for the reconstruction was a principle of actuaisation, according to which the relation between
climate and vegetation in the past was approximately similar to that observed at present. Satistica
analysis made it possible to derive simple linear equation of regression, arguments of which are the
most important components of pollen and pore spectrum, alowing the assessment of pal eoclimetic
characteristics. Method of computer analysis application in the pal eogeographic reconstruction had
been illustrated in detail in papers published earlier.

Climatic phenomena, their intensity and response of vegetation to climatic changes in
Hol ocene were not uniform. At the earlier stage of Holocene, particularly in Preboreal (PB) period
(10000-9000 years ago) vertical vegetation belts moved up by 700-800 mrelative to late Dryas under
the impact of climate warming. Area of broad-leaved forests of the Black Sea coasta foothills and
piedmont plains considerably increased, but the area of fir and beech forests decreased in the mountain
region.

Preboreal warming was stopped twice by cooling. Generdly, the temperature regime was
nearing the present one (mean annual temperature was only 0.6°C higher than it is today). Precipitation
amount on coastal lowlands reached 1400 mm, though, it was increasing during the cooling of climeate.

At the beginning of Borea (BO) period (9000-7500 years ago) heavy and short-period cooling
was fixed (air temperature was 7°C lower relative to the present one) and precipitation was 500 mm
higher. Afterwards, Borea optimum had establi shed which was soon again replaced by heavy cooling,
the heaviest one during the whol e Hol ocene (mean annual temperature decreased almost by 10°C), and
precipitation amount reached the maximum val ue (2200-2400 mm). Further climatic conditions were
gradually improving, but at the end of the period the cooling was observed again, being less intensive
that the previous one. Such climetic fluctuations resulted in the substantia migration of vegetation
associations. During the phase of maximum cooling upper boundary of forest lowered amost by
1000m.

Atlantic (AT) period (7500-4500 years ago) is characterised by three heavy warmings, divided
by two rather cool phases with relatively high humidity. According to our data, climeatic optimum was
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observed in the second part of this period when upper limit of forest was 300 m higher than the present
one. Duration of Atlantic period stipulated unusual expansion of chestnut and other thermophilic
elements of the forest. As to coniferous and beach-coniferous forests, their area was considerably
decreased. Subd pine and Al pine vegetation underwent evident reduction.

During Subboreal period (SB), (4500-2500 years ago) climate became rigorous. Five cold and
the same number of warm phases were recorded. The heaviest cooling look place 3300 years ago,
when temperature lowered down to 10.5 °C. This time was characterised by the low humidity (Fig.
7.1.8). As a result of climate change all vegetation belts underwent shifting. Besides, in the high-
mountain regions, distance of such a shift was considerably larger that in the lower belt of the
mountains. In spite of this, the area of chestnut forests was decreased substantidly, that probably
should be attributed to the decrease of humidity.

Subatlantic period (SA) (beginning 2500 years ago) was characterised by most frequent and
sharp climatic fluctuations, with 12 cold and 13 warm phases. Their intensity and duration were rather
different. The best climatic conditions were observed in the beginning of SA, phase, approximately
2000 years ago, when annual temperature exceeded the present one by 2°C, while at the boundary
between Subboreal and Subatlantic periods it was 2°C lower than the present temperature. Best
climatic conditions were characteristic for the beginning of the SA phase. The largest cooling in the
SA; phase took place 850-900 years ago, reaching SB; leve of cooling. In the SA; phase, i.e. during
the last 1000 years, at last 6 cooling and the same number of warmings were observed. It should be
noted that these phenomena had influenced first of al the vegetation of high-mountain regions, since
the amplitude of climatic fluctuation increases just with the growth of atitude.

As to the paynologica data of the last century, intercomparison of the sea level fluctuation
and climate changes gave very interesting results. For instance, it has been found that air temperature
decresses in the lowland of Western Georgia, while this value is increasing in mountain regions and
Eastern Georgia. Increase of temperature is indicated, as well, by the shift of the curve of the sealevel
change and that of the upper boundary of forest (Fig. 7.1.8). As to the correlation between the
fluctuations of a smdler order, here too, certain regularity has been observed: during the climate
cooling, phenomena have completely synchronous character in regions under observation. For
example, during the years 1920-1922 maximum temperature decrease was observed both in Poti,
Batumi and other districts of Georgia and also amost over the whole Europe. Generally, during the
Hol ocene period, as well asin its separate phases, there has not been found any clear periodicity in the
course of climate changes. Climate phases are not similar, neither according to their duration, nor their
intensity. The similar picture is observed in the regions of Western Europe [9]. The andysis of
paleoclimatic phenomena in Caucasian mountains has revealed their simultaneous occurrence in
various vertical belts. In addition, it has been found, that in mountains amplitude of paleoclimétic
change increased with the growth of the altitude. Most contrasting character of climetic fluctuations
was observed under extreme conditions of high-mountain regions, above the forest limit. Comparison
of data obtained by different methods (historicd and climatological, dendrochronological,
phenological, radioisotope) in various regions makes evident once again the global character of
climatic changes of the past.
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7. TRENDS OF CLIMATE CHANGE AND VULNERABILITY ASSESSMENTS IN ECONOMY AND NATURAL ECOSYSTEMS

7.2.VULNERABILITY ASSESSMENT IN AGRICULTURE

Under the conditions of transition to new economic relations, the process of worsening the
guaitative state of land resources in Georgia and degradation of arable land has intensified. The main
reason is the reduction of measures directed towards the increase of soil reproduction capacity,
suspension of anti-erosion and land-reclamation activities. The process of applying minera and
organic fertilizers is reduced to minimum. Programs against land contamination are not being
implemented. This becomes more evident with the consideration of the fact that Georgia belongs to
countries with biologically productive lands, which are very vulnerable to climate change and natural
disasters. So, it is necessary to answer the foll owing three questions:

1. How substantid is the impact of globa climate change upon the productivity relative to other
factors?

2. Istheimpact of these changes similar in all regions and for al agricultura crops or not?

3. Isit possibleto forecast theimpact of globa climate change upon the productivity of crops?

Even the simplest calculations prove that by more intensified management of the economy in
Georgiait is possibleto increase twi ce the productivity of agriculture under present natural conditions.

The assessment of Georgia's present soil and climatic potentia from the position of market
economy makes it necessary to consider in genera terms the possible transformation of agricultura
production for various conditions of its intensification under the impact of globa warming.

Present globa climate change will have quite a different impact on the development of
agricultura production in Western and Eastern Georgia. One of the most substantia aspects will beits
impact upon the hydrological cycle and reasonable utilization of water resources in agriculture.
Frequency of extreme natura phenomena (floods, droughts) will increase resulting in the increase of
the scae of natura disasters. In Eastern Georgia, under the shortage of water, desertification of the
territories is expected. Therefore, to save the ploughed fields (according to the low productivity of
whest, Georgiais a one of the least places in Europe, see Table 7.2.2.), substantia financial resources
should be needed. In Western Georgia, the situation will be quite opposite. So, the question arises
before the country: “What concept of agricultura development should we use to enter the XXI
century?’

In Georgia 43% of the country’s territory is used for agricultura purposes, that makes 0.51 ha
per capita. Out of them 0.3 hectares are cultivated, 0.16 hectares of which are ploughed lands.

The country’s natural and climetic characteristics are conditioning the directions of
agricultural production. Territory of Georgia is divided into 11 specidized zones and 3 subzones
according to agricultural production (Fig. 7.2.1). The map presents the information on the structure of
the branches of agricultura production. Division into zones is based upon the grouping of the
administrative regions according to following parameters: 1. Economic conditions, 2. Natura
conditions, 3. Prospects of agricultura production devel opment.

According to the structure of branches of agriculture, Georgia is characterized by large
diversity. They are represented both by main branches, such as vine-growing, tea-growing, citrus-
growing, grain growing, and other branches, such as vegetable growing, livestock farming and
production of technical crops. The structure of alocation of separate crops is presented in the Table
7.2.1. 1t clearly shows how substantially have decreased for recent years the areas under such
important crops, as tea, fruit, grain, technica crops, etc. The Table dso shows the prospects for their
increase by the year 2000.

Current politica events in Georgia caused sharp decline in the production of agricultura crops
(see Table 7.2.2.), as aresult of which agricultura sector could not provide the country’s popul ation
with agricultura products necessary to meet physiological norms (see Table 7.2.3.). This is mainly
explained by considerable decrease of the supply of agriculture with necessary machinery, fertilizers
and chemicals.
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Table 7.2.1. Allocation of agricultural cropsin Georgia (thousand hectares)

Areas under perennias

Y% | CQultures |1940(1960|1975(1979|1985(1989|1993/1995|1996|1997 (2000
1 |Vineyard 69.8 | 85.6 |126.1|142.7| 128 |115.6| 78.9 | 94.2 | 90.8 | 81.2 | 70.0
2 |Tea 49.6 | 55.6 | 65.8 | 67.4 | 67.1 | 65.1 | 33.7 | 33.1 | 325 | 34.7 | 50.0
3 |Citrus 24.6 1 9.03 118.03| 20.3 | 26.1 | 26.7 | 16.7 | 13.2 | 11.9 | 11.4 | 20.0
4 |Fruit-berries 89.2 |106.0]/159.1|155.3|147.6/128.2| 83.5 | 949 | 92.6 | 85.3 | 72.0
Areas under crops

Ya Crops 1940 1965|1970 | 1975|1979 | 1988 | 1991 | 1993 | 1995 | 1996 | 1997 | 2000
1 |Cereds 748.4/500.8(388.5|373.0|311.6|272.0|290.6|256.0| 259.0| 280.7|437.2|400.0

Among them:
1. |Winter wheat 232.6(186.2(126.9|140.0/106.3| 87.0 |101.0| 82.7 | 61.6 | 79.1 (167.4| -
1
1. |[Spring wheat 3958531103410 |10| 21|13 |13 |92| -
2

1. |Winter rye 2451304 |29.7321|252|30.0|320|229|163|16.2|23.1| -
3

1. [Springrye 69.1|39.0|245|19.7|16.6 |16.0|16.0 | 13.0| 156 | 129|188 | -
4

1. |Granmaize 355.3{215.8(184.0|155.8|127.7|109.0|114.6|112.0/142.4|148.8(283.2| -
5

1. |Beans 196|153| 79 | 99 |131|16.2|129|123|13.3|13.4|106| -
6

2 |Sugar-beet 5514019363514 (120909 ]|01] - 5.0
3 [Sunflower 155|21.1|17.2|16.2|133|120|126|14.0|36.2|33.3|36.3|31L1
4 |Tobacco 209|139 /1241124|115|105| 57| 26 | 1.2 | 11| 02 | 15
5 |Potato 246 1241|246 |283|31L.7|30.0(232|21.4]232|236]|27.1|350
6 |Vegetables 1441241295 |327|36.2|39.2|31.2|253|286|283|323| -
7 |Food crops 52.6 |174.2|251.5|276.2|305.7|344.8/309.0/143.2| 97.9 | 78.4 | 57.7 |160.0

Table 7.2.2. Average productivity of leading agricultura cropsin 1950-1996 (t/ha)

Ya Product 1950 | 1960 | 1970 | 1980 | 1988 | 1990 | 1992 | 1994 | 1995 | 1996
1 |Vine 331|218 | 614 | 269 | 59 | 6.76 | 407 | 376 | 475 | 3.64
2 |Tea 208 | 319 | 475 | 9.04 | 805 | 9.04 | 416 | 1.76 | 1.26 | 1.04
3 |Fruit 262 | 274 | 493 | 566 | 6.48 | 581 | 445 | 494 | 418 | 4.03
4 |Citrus 119 | 714 | 1746|1254 | 26.11 | 16.98 | 10.35| 7.74 | 9.09 | 6.94
5 |Winterwheat | 0.76 | 1.02 | 1.48 | 1.91 | 279 | 282 | 169 | 1.3 | 1.22 | 1.33
6 |Maize-corn 13 | 163|181 | 245 | 298 | 252 | 232 | 248 | 271 | 3.3
7 |Vegetables 5.5 6.9 95 | 135 | 14.7 | 1106 |11.36| 143 | 140 | 12.1
8 |Potato 5.4 9.0 | 12.1 | 116 | 10.87 | 10.56 | 9.46 | 12.31 | 15.2 | 13.6
9 |Sunflower 062 | 099 | 065 | 0.75 | 1.36 | 058 | 0.59 | 043 | 0.2 | 0.12
10 |Tobacco 097 | 11 13 | 155 | 118 | 112 | 1.25 | 0.23 | 0.83 | 0.92

and

Results of investigations, connected with the expected climate change, showed that agriculture
devel opment would have serious socia, economic and ecological impact in Georgia both at regiona

nationd levd.
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Degree of vulnerability depends upon ecological, technological and economic factors.
Decisive importance here will have both the sensitivity of a separate crops to a changing environment
and sensitivity and sustainability of the whole agricultural ecosystems.

Results of investigations showed that climate change in agriculture would have both positive
and negative impact. Negative effects may be formul ated as the following types of vulnerability:

1. Incresse of the area of droughty regions, increase of moisture deficit at the expense of evaporation
and therelated loss of crops;
2. Intensification of soil salination processes as aresult of the increase of evaporation;

Table 7.2.3. Dynamics of foodstuff consumption per capitain Georgia

Y|  Foodstuff category |1985|1990|1991|1992| 1993|1994 | 1995|1996 | 1997 Phy’;_']g'r‘r’r?'c""'
1 |Overdl wheat products

estimated into flour, kg  |175.1/184.6/183.6|175.0|214.3|152.6]153.6| 161 |154.2 120.5

2 |Fruit (including tinned
fruit estimated intoraw | 60.1 | 48.3|49.3 |42.5|43.9|33.2|36.7 | 66.3 | 60.2 110
fruit), kg

3 |Vegetables (including
tinned vegetabl es
estimated into raw
vegetables), kg
Potato, kg 46.6 | 37.3|36.8|33.3|38.9(254|26.8| 42 |44.7 96.7
5 |Meat and its products, 41.5(36.5(26.4|195|229| 9.4 |125|14.6| 15.6 70
estimated into meet, kg

78.7|71.1|77.2|652|72.3|51.5|558 856|812 140.3

N

6 |Milk and dairy products |321.0|311.3|308.9(144.1|148.0| 90.6 | 97.9 (178.4/217.6 360
estimated into milk, liters

7 |Fish, kg 73/80|66|28|14]04|06)|13]|14 18.3

8 |Eggs 149.3/140.0 12.9 | 89.1 | 75.0 | 63.2 | 66.1 |105.0{107.7 260

9 |Vegetablefats, kg 3514542563824 |33]62]71 13.1

10{Sugar, kg 20.2|17.0|10.1| 70 | 6.1 | 48| 6.0 |21.0|23.0 36.5

3. Rapid minerdization and exhaustion of soil organic mass,

4. Increase of the intensity and frequency of frostsin someregions as aresult of humidity decrease;

5. Creation of better conditions for spreading of diseases and vermin of crops as a result of winter

warming;
6. Intensification of erosion processes due to the increase of precipitation amount and frequency in
some humid regions, raise of frequency of floods, hail, etc.

Positive effects may be revealed in the following way:
1. Expansion of the area under heat-loving plants and raising indices of their productivity and
qudity;
2. Possihility to get two and more harvests (as the after the reap crops). Increase of fodder storage for
livestock farming and rai se of its productivity;
3. Increased duration of the use of meadows;
4. Energy saving in greenhouse farming and further devel opment of this branch.

To establish the degree of vulnerability in Georgian agriculture, the impact of expected
climate change on main crops, grown in Georgia and possibilities of their adaptation have been
studied.

Tea is the main crop in Western Georgia. Its growing, development and productivity are
stipulated by sums of temperature over 10°C. The more is this value under optimal humidity and high
agricultura technology, the higher are the harvest and its qualitative indices.
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7. TRENDS OF CLIMATE CHANGE AND VULNERABILITY ASSESSMENTS IN ECONOMY AND NATURAL ECOSYSTEMS

The maximum growth of tea-bush is observed at 22°C, and for its normal devel opment the
temperature should not exceed 30-32°C. As a result of investigations (with consideration of active
temperatures and preci pitation sums) it has been established that according to the frequency of ted eaf
harvesting, 3 zones may be distinguished: 1. Places where picking frequency is 18 or more. It
comprises the part of Ajara Black Sea coastline from Khelvachauri to Kobuleti; 2. Zone, which
expands over the relatively mountainous part of Ajara, including sea coastlines of Guria, Imereti,
Samegrel o and Abkhazia as well, where harvesting frequency is variable within 15-17; 3. This zone
coversindicated (I-11 zones) mountain areas, where picking frequency is 15 or less.

In case of the increase of temperature by 1°C, sums of active temperatures in the regions of tea
crop will increase by 250-300°C, as a result of which, increase of tea picking by one or nmore is
expected. That implies the increase of the harvest of tealeaf up to 300-400 kg from each hectare. In
addition, it will be possible to expand the area for tea production, which will be economicaly
acceptable for Georgia, up to 50.000 hectares. It may be expanded in the southern part of Western
Georgia up to the dtitude of 550-600 m as.l. (in the mountainous parts of Ajara, Samegrelo, and
Abkhazia). For the lower limit should be considered the sum of temperatures higher than 10°C equal to
3200°C and minimum air temperature -15°C taking into account the presence of snow cover for the
better wintering of tea crop.

Therefore, in Western Georgia, possibilities for the expansion of tea production, associated
with the necessity of considerable financial investments should be crested.

Vine. Viticulture and winemaking is the oldest and currently the leading branch of Georgian
economy. Vine is expanded both in the Western and Eastern Georgia. Species of early ripeness are
introduced up to 1100 m, and of |ate ripeness reach the heights of 800-820 ma.s.l.

Volume of grape production and the quality of wine substantialy depend upon the climatic
conditions. The quality of wine mainly forms in the phase of ripening, when mean diurnd air
temperature is over 20°C and diurnal amplitude is more than 10°C. Under such conditions sugar
content is over 20-22%, the quality of wine being high, respectively.

It has been estimated that optima area of vineyards in Georgia should be 70 thousand
hectares, average productivity of grapes should not exceed 7.5 t/ha. Keeping to of such parameters will
stipulate high quality of grapes and wine. It is very important, since the fine wines represent
substantial source of foreign currency inflow.

Under conditions of global warming, the assessment of vine vulnerability requires a specia
approach that is due to the fact that vinein Georgiais represented by numerous sorts, specific regions,
variety of types of the product and qualitative indices (table, ordinary wine, champagne, €tc.).

Investigations showed, that in case of expected climate change (with temperature increase by
1°C), in main wine growing regions of Eastern Georgia humidity decreases considerably, number of
draughty days increases. This period, especialy according to seasona phenomena, reaches the critical
limit in the phase of ripening, when formation of qualitative indices (sugar content) occurs. Proceeding
fromthe foregoing, quditative indices are givenin the Table 7.2.4.

Table 7.2.4. Impact of expected climate change on the indices of sugar content of grapes
in the main viticulture districts of Georgia

Hydro-
District S>20°C September Atmosph. | therml Sugar content
e t,°C Precipit., | coeffic. c, %

mm. (HTC)
Actual | Exp. | Actuad Exp. Actual Exp. Actua | Exp. Dc
Kvardi 2090 | 2200 | 19.2 20.0 86 1.22 20.2 21.3 1.1
Gurjaani 2050 | 2160 | 19.0 20.0 73 1.13 20.0 21.2 1.2
Akhmeta 1610 | 1710 | 18.3 19.3 62 1.06 19.0 20.0 1.0
Sagarejo 1420 | 1520 | 17.3 18.3 63 1.10 17.7 18.8 1.1
Zestaponi 2450 | 2570 | 20.3 21.3 85 1.18 21.7 22.8 1.1
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As the table shows, in case of temperature increase by 1°C, sugar content in al districts
increases by 1.0-1.2% in absolute value. Preliminary investigations showed that in case of temperature
increase by 2°C, sugar content will increase by 2-2.4%. Considerable changes are expected, aso in the
productivity indices, presented in thetable 7.2.5.

It can be seen fromthis table, that in case of temperature increase by 1°C, the decrease of wine
productivity is expected in Gurjaani and Kvardly districts. E.g. the decrease of productivity in Kvardli
district reaches 6%, and in case of the increase by 2°C loss of productivity will be much higher and for
someregionsit will reach 10-15%.

Table 7.2.5. Indices of vine productivity a the raise of air temperature by 1°C

Change of air temperature °C Many-year Expected changes
Didtrict IV-X IV-VIII productivity of productivity

(/ha) (%)
Gurjaani +0.34 +0.4 5.35 -2.2
Kvardli +0.25 +0.4 3.76 -6.0
Teavi +0.34 +0.4 4.47 +0.7
Akhmeta +0.61 +0.7 4.49 +2.4
Mtskheta +0.03 +0.5 291 +8.1

Proceeding from these data it is evident that the degree of vine vulnerability in Eastern
Georgiais rather high and it needs the conduction of substantia adaptation measures in the future.

In case of temperature increase in viticulture regions of Western Georgia relatively better
conditions will create for the development of vine, increasing the area of its expansion and, as it is
very important, productivity and qualitative indices will be substantially increased.

Cereals. Winter wheat. According to 1997 data, 73% of the area under crops in Georgia was
occupied by corn. 39% of them was under wheat, which is the main cereal crop in the regions of
Eastern Georgia

In connection with expected climate change and for the identification of the degree of whesat
vulnerability, the base 30 year climatic data have been used. According to the scenario, created on the
basis of the andysis, in case of the incresse of ar temperature by 2°C, precipitation amount
considerably decreases in the main wheat growing areas of Eastern Georgia, humidity decreases,
amount of evaporation and number of draughty days will increase.

According to the results of investigation it has been determined that while assessing wheat
vulnerability, especially important are peculiarities of individual devel opment of the crop according to
separate phases, since it responds differently to maximum temperature in different phases.
Temperature change and its seasonal nature considerably stipulate development of the plant and its
productivity.

In case of the increase of ar temperature by 2°C in the main wheat growing regions,
substantia negative phenomena are expected in the different phases of wheat development. They are
affected mainly by extreme phenomena during the spring and summer (days with temperature higher
than optimal), when vegetative and generating parts are forming. In this period, such temperatures
may result in delaying of wheat-ear development and respectively decrease the corn amount,
formation and accumul ation of organic substances is delayed or stopped at al (when t>36°C). That is
being reflected in the indices of productivity. It has been considered, as well, that warming by each
1°C causes the increase of evaporation by 4-6% and during the vegetation period, it will be necessary
to incresse precipitation by 3-7%, or conduct corresponding irrigation measures, that will be
connected with large financia investments in Eastern Georgia. Crop loss may reach 30-60% for some
regions. |f temperature increases by 1°C, then degree of wheat vulnerability will be relatively low and
the loss may reach 15-35%. Temperature increase may cause transfer of the zone of winter wheat
growing to mountain regions, but it will result in the decrease of economic indices of wheat
production, since the lack of roads and low level of mechanization of technologica processes on the
slopes cause substantial raising of prices on the products. That is why in foreign countries the
agriculture of mountain areas is being subsidized.
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Therefore, it may be concluded that wheat in the main regions of Eastern Georgia is notable
for its relatively high vulnerability, and requires working out and conduction of sound adaptation
measures.

Maize. Due to the variety of its use, this crop is one of the main cereds in Georgia. Areas
under it make 150 thousand hectares for grain and 50 thousand hectares for silage.

According to investigations carried out, maize is highly vulnerable to expected climate change
in Eastern Georgia, since the temperature increase will cause corresponding changes of the periods
between phases of maize development. This will be stipulated by the increase of the number of
draughty days, intensification of moisture evaporation and the decrease of precipitation resulting in the
decrease of harvest by 20-30%.

In case of the raising of the temperature by 2°C in Eastern Georgia, temperature sums will
increase by 400-600°C, that will make possible spatia replacement of maize by 300-350 m higher. In
case of temperature increase by 1°C in Western Georgia, under expected conditions of precipitation
amount increase, possibilities of expanded maize production may be created. The devel opment of
maize growing on Kolkhida Lowland is quite justified in case of changed climétic conditions. On the
basis of the analysisit has been determined that it will be possible to increase production of maize and
raise its productivity and quditative indices. In particular, productivity in the maize producing regions
will increase by 30-40%.

According to the results of investigations, degree of vulnerability of main agricultural crops
expanded in Georgiawas determined and is being summarized in the Table 7.2.6.

Table 7.2.6. Indices of agricultural crop vulnerability

%2 | Crops Types of vulnerability | %2 | Crops Types of vulnerability
: — (East. Georgi

1 |Vine 0 ((W et Geor%iz)) 8 | Vegetables +

2 |Tea 0 9 | Sunflower +

3 | Citrus 0 10 | Tobacco + (East. Georgia)

4 | Fruits and Berries — (East. Georgia) 11 | Sugar beet +

5 | Winter wheat + 12 | Maizefor grain + (East. Georgia)

6 | Spring wheat + 13 | Maizefor silage + (East. Georgia)

7 | Potato + (South. Georgia) | 14 | Food crops + (East. Georgia)

Notes: + vulnerable
— lessvulnerable
0 not vulnerable,

As the table shows, most crops in Eastern Georgia-wheat, sunflower, tobacco, sugar beet,
vegetables, maize are vulnerabl e to expected climate change, as well as potato, which is cultivated in
regions of Southern Georgia. This kind of vulnerability of crops is stipulated by the decrease of
precipitation, increase of the frequency of droughty days, reduction of soil humidity and other effects
caused by the warming, which are reflected in productivity indices. Reatively less vulnerable are
fruits and vine in Eastern Georgia. As to Western Georgia, the main crops, expanded in this region —
tea, citrus, vine and maize are not vulnerable.

While considering the impact of temperature increase on the agricultura sector, specialist did
not pay attention to negative influence of this phenomena upon the machinery, used in agriculture.
However, it is known that both eectric devices and capacity of tractor engines are substantialy
affected by environmental temperature. Particularly, when temperature increases by 1°C, it causes the
loss of 1.3% capacity of nonsynchronized engines.

Therefore, analyzing the aforesaid, we can conclude, that under the conditions of considerable
climate change, basic transformation of the management of Georgian agriculture is necessary. This
implies agroclimatic verticd shift, increase of vegetation period. As to productivity, due to the
increase of aridity, in Eastern Georgiait will slightly decrease. However, it will be compensated by the
increase of productivity in Western Georgia At the same time, it should be noted that the
improvement of soil productivity (and this measure due to irrigation, is more red) will mainly
overshadow negative impact of climate change. It should be aso considered here, that probability of
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catastrophic phenomena will increase, that is mainly associated with the increase of the recurrence of
draughts and floods.

On the basis of the assessment of vulnerability degree, we have the opportunity to work out
timely adaptation measures, determine correct strategy at the State level. Thiswill provide conduction
of measures, which will prevent and neutralize expected negative consequences of climate change in
agriculture.

7.3. VULNERABILITY OF WATER RESOURCES

Main features of water resources in Georgia are represented by rivers, underground waters,
glaciers, swamps, lakes and reservoirs. Among them the first three types of objects are important,
determining al phenomena, processes connected with water resources, their course and impact on the
environment.

Among the water objects rivers, in which Georgia is rich, are most important. Here, 26
thousand rivers with tota length of 60,000 km are recorded. The average density of river network is
0.85 knvkn?. Thisis amost 3 times as much as in neighboring countries. River network is unequally
distributed over Georgian territory. Their number in Western Georgia makes 18,100 with atotal length
of 35,000 km, that corresponds to 69% and 58% of total number and length of rivers, respectively.
This Region of Georgia is distinguished as well, for large density of river network - 1.07 knvkn?.
River network of the Eastern Georgiais composed by almost 8,000 (31%) rivers, with tota length of
25,000 km (42%), with network density of 0.68 knVkn? [14].

The main part of the river network is comprised by very smal rivers, with the length less than
10 km. Their share is composed by 25 000 (97%) rivers, with total length of 43 000 km (72%). There
areaswell alot of small rivers with the length of 10-100 km. Their share is made by 690 (2.6%) rivers
with tota length of 13 000 km (22%). The number of medium-sized rivers with length of 101-500 km
is very smal. It comprises only 14 (0.027%) though they have many tributaries. The first place
belongs to the River Mtkvari (Kura), the basin of which is composed by 6434 (24.7%) rivers with tota
length of 13656 km (22.9%). There are 6 rivers, the network of which is composed by 1000-3000
tributaries: Kvirila (3320 rivers, with totd length of 6112km), Ktsia-Khrami (2260 rivers and 6717
km), Alazani (1796 rivers and 6845 km), Ajaristskali (1511 rivers and 2115 km), Khobistskali (1038
rivers and 1635km) and Kodori (1307 rivers and 2121 km).

Density of river network is characterised by vertica distribution — it incresses with the
increase of the height above sea level, reaches its maximum at the average atitude of the basin, and
then decreases to the heads of the rivers. Distribution of rivers according to the categories, number of
which increases with the increase of river length and the area of watershed, is of the same nature.
Their distribution is characterised by the increase of the number of rivers and the length from low to
high categories. Rivers differ according to the area of watershed. It has great impact upon river water
content and is widdy used in hydrological and hydrographic calculations. Basin of the R.Mtkvari
equal s to 188,000 kn? (within Georgia 19,050 kn¥), Chirokhi — 22,100 kn¥ (within Georgia— 1,600
km?), Rioni — 13,400 kn?, Alazani — 10,800 kn? (within Georgia - 5,943 kn¥), Ktsia-Khrami — 8,340
km’ (within Georgia— 4,600 kn?), lori — 4,650 kn? (within Georgia— 4,190 kn¥), Enguri — 4,060 kn?
and others. Generally, rivers with watershed areas of |ess than 500 kn? are predominant. Their shareis
composed by 99.8% of the total number of rivers.

Parameters of river hydrographic network change not only according to the territory, but also
according to time, as well, both under the impact of anthropogenic and natural factors. Number of
irrigation canals both functioning and being under construction, has considerably increased. At
present, the following irrigation systems, equipped with modern hydrotechnica constructions exist in
Georgia: Tashiskari, Tiriponi, Skra-Grakai, Tezi-Okami, Mukhrani, Misaktsidi, Samgori, Alazani,
etc. Tota length of their irrigation network reached 18000km, as a result of which network density on
the irrigated area increased up to 3.5 krnvkn?, that is 6-10 times more than the density of natural
network. But there are regions, where periodical increase or decrease of the parameters of the river
network are observed. This is characteristic for high mountain zone, where glaciation takes place.
During the Wurm Ice Age density of river network was 3 times less than the density of present river
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network. Therefore, density of river network decreases in the zone of glaciation with its intensification
and vice versa

Among the water resources in Georgia considerable part belongs to current glaciation, which
represents the remainder of the third — Wurm Ice age of Pleistocene. It began 24000 years ago and at
the maxi mum stage of its devel opment, that |asted for 2000 years, it covered 16-17 thousand kn?, that
made 35% of the whole glaciation of the Caucasus. In this period glaciers descended very low, down
to 800-1000 m. above sealevel. Length of some glaciers reached 60-70 km. Basin of the River Enguri
was covered by glaciers amost up to village Khaishi over approximately 2700kn.Degradation of
glaciers began 12-13 thousand years ago and by 13-th century A.D. their area considerably decreased.
Heavy precipitation and low air temperature of the XIV-XVII centuries were followed by
enhancement of glaciers (small glaciation), which reached maximum development in the 50-ies of the
past century (the Fernau stage). Total area of glaciers increased then by 40% re ative to the area of the
X1 century. During the following years degradation of glaciers began again. Their area decreased
down to 511 kn, that makes 36% of the glaciation of the Caucasus and is 17% |ess then the area of
glaciation in 1891. But degradation of glaciers was not continuous during the last 150 years: in
separate years (6-7 times) glacier activation was observed. Reatively heavy was the period of small
cooling in the 60-70-es of our century, which was caused by heavy precipitation in 1955-1965 (5
years), that was followed by the glacier activation and their advancement up to 30-120 m. Snce that
time glacier degradation began both on globa and locd scaes, that is continuing up to now.

The Great Caucasian Range is rich in contemporary glaciation. Prominent is basin of the R.
Enguri, where glaciers cover the area of 288knv, accumulating 22.5 kn® of water, that mekes 56 and
75% of the area and volume of the whole glaciation of Georgia, respectively. Noticeable are dso
basins of the R. Tergi (in Kazbegi district) - 68 km® (13%) and 3.34 kn?® (11%), R. Rioni-63 km®
(12%) and 2.2km ® (7%), R. Kodori-60 km® (11%) and 1.6 km?® (5%). Glaciers are also expanded in
the basins of the rivers Bzipi (7.8 kn? and 0.19 km?®), Kelasuri (1.5 kn? and0.03 kn®), Khobi (1.6 kn?
and 0.04 kn®), Didi Liakhvi (6.6 kn? and 0.13 kn®), Aragvi (1.6 kn and 0.03 k).

Glacier regime is evidently connected with precipitation and air temperature. In case of 3400
m for the overage dtitude of the firn line, the increase of air temperature by 1°C will cause the
moving up of firn line by 160 m, height of the runoff layer will increase by 500-550 mm. In case of
the rise of air temperature by 2°C, that is expected in the regions of wesk expansion of glaciers, firn
line will move up by 320 m and many glaciers will find themselves without the aimentation field,
that will cause their compl ete disappearance, asiit is observed now in the eastern and lower regions of
glaciation. As aresult of glacier melting, rivers get additionally 1.5 kn? of snow melt water, and some
rivers — 0.86 km?® (R. Enguri), i.e. amost the same amount, as it is in Jvari reservoir. In addition,
glaciers represent the basis for creation of various types of recreationa activity, functioning of
nationa glaciation parks, that makes the source of income for the local population. Therefore, glaciers
should be preserved on the basis of implementation of necessary adaptation measures.

Swamps, swamped places, boggy reservoirs represent places of the accumulation of the excess
of water. 87 swamps and boggy places are recorded in Georgia, total area of which makes 1081 knt.
Number of swamps and boggy places of up to 10 kn? area makes 39 with total area of 232 kn. There
are considerably less large swamps and boggy places the area of which is more than 10 kn?. Their
number is only 11 (12%) but they are well-devel oped and occupy the area of almost 600 kn¥, that is
55% of the whole area. Swamps expanded up to the atitude of 100 m as.l. are characteristic for
Western Georgia. These are well-known swamps and boggy places at Kolkhida Lowland, where 17
swamps with atotal area of about 600 kn? are recorded.

Considerable attention during the current decades is paid to the utilisation of swamps and
boggy places. A number of drainage measures have been conducted. They imply drainage of the
eastern part of Kolkhida Lowland, other swamps and boggy places located at the atitude up to 100 m.
Actions directed on the utilisation of these lands for residentia purposes and as fields under
agriculturd crops are being conducted. It is necessary to specify water ba ance of swamps, quantitative
characteristics of the regime of interaction between water and hesat, etc. That needs declaration of some
swamps as Nationa Reserve and conduction of appropriate adaptation measures.

Lakes and reservoirs occupy 170 and 163 kn¥, respectively, represented by 856 and 44 units
aswell. They accumulate 0.72 and 3.32 kn® of water, respectively.

Overall water resources of Georgia make 100km?. Share of rivers is 65 kn®, glaciers-30knT,
lakes-0.72 kn®, reservoirs -3,32 ki, swamps-1.9 km®. Among them, approximately 35 knt® of water,
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accumulated in glaciers, lakes, reservoirs and swamps, represent secular stock of water and takes less
part in the hydrologica cycle of water (Fig.7.3.1)

56.5 km® of water out of 65 km?® of river runoff is formed over the territory of Georgia, meking
86% of the total flow. The remaining 8.74 kit (14%) comes from the outside territories (Armenia and
Turkey). These water resources are not equally distributed, that iswell seen fromthe Table 7.3.1.
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Table 7.3.1. Distribution of water resources over the regions by 1980 (discharge in ki)

Region Local From nel gh_bouri ng Total
countries

Western Georgia 43.8 6.62 50.4

Eastern Georgia 12.7 2.12 14.8

Georgia 56.5 8.74 65.2

Renewable water resources play considerable role in the country's economy-energy
production, industry, municipal activity and irrigation. As a result, by the years of 1980-1990,
complex utilisation of renewable water resources in the national economy reached 5.2 kn?®, that makes
8% of the whole water resources. Approximately 70% (3.5 knt) of it is utilised in agriculture for the
irrigation of agricultural crops, moistening of winter pastures, for household and municipa needs of
the popul ation of villages, etc. Therest 1.7 km?® of water is used in industry, municipal activities of the
cities. Water utilisation in Eastern Georgia exceeds amost 5 times that of Western Georgia It is
planned to increase complex water utilisation up to 6-7 knt in future,

Out of utilised water resources only 20-25% of water returns to rivers. The rest is spent on
plant vegetation, evaporation, infiltration into the soil, etc. In addition, it should be noted that to
provide the areas under irrigation with renewable water resources canas of 10 000 km tota length
(including drainage canal s) have been constructed. This fact, certainly, increases the losses of water.

Water-taking causes the decrease of river runoff and is characterised by the coefficient of
water discharge decrease, which for the whole territory of Georgia makes 0.97. Increase of complex
utilisation of water resources is planned for the nearest future, as a result of which the coefficient of
water discharge decrease will reach 0.91. Annua water discharge decreasse coefficient has been
caculated for al hydrological posts. Map of geographical distribution of the coefficient of decreaseis
presented on the Fig. 7.3.2.

The map shows that decrease of water discharge is not observed over the most part of
Georgian territory (80 %) and its coefficient is equa to 1.0 (k=1.0) Over the rest of the territory
decrease of water resources as a result of water consumption is observed. In Western Georgia it is
presented by the smallest areas - in the basin of R. Rioni and in the mouths of its confluents within
Kolkhida Lowland and in the basin of Acharistskali. This coefficient does not come down lower than
0.95. Largest decrease of water discharge is observed in Eastern Georgia, where this coefficient falls
down to 0.65 and comprises lower part of the R. lori, left and right confluents of the R. Mtkvari within
Lower Kartly Valey. Its upper limit, where k=1.0 passes at the atitude of 700-800 m. Water discharge
decrease is not observed above this level, but still the basins of the rivers Paravani and Potskhovi
should be noted, where the coefficient of decrease is more than 0.95 as it occursin Western Georgia.

Low coefficients of water discharge decrease are observed in separate months. It can be seen
on the case of the R KtsiaKhrami (vil. Imiri), in the months of maximum utilization of its waters.
During the years with lack of water-1958,1960, 1961 the coefficient of water discharge decrease fell
considerably (0.36-0.51) and increased with the increase of water content. During relatively water
abundant years of 1951, 1955 and 1959 coefficient of decrease reached 0.58-0.62. Relation of the
same nature is observed on other rivers, as well.

State of renewable water resources and connected with them other phenomena by the year
1980 were taken as a basis of probabilistic forecast of many year prognostic average water discharge
for the years 2010, 2030 and 2075.

Deterministic, conceptual (SRM) and geographic-hydrologicd models have been used.
Numerical redization of a deterministic modd requires information about snow-melt water, rain-
water, underground runoff intensity, snowfall starting, growth of cold storage in snow, evaporation
from snow, freezing of water in snow cover, snow-melting, rainfall on the snow surface, water
saturation and discharge in the snow cover, infiltration and initid layer thickness, evaporation, etc. It
is accomplished according to the homogeneous landscape types, singled out in the basin of theriver.

Current approach to the assessment of climate change impact on the river runoff on the basis
of conceptua model comprises different models of water balance and * precipitation-runoff”.
Modeling of water movement is conducted by these models since the time, when water fals in the
basin in the form of precipitation up to the time, when it leaves the watershed as runoff.
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The geographical mode is based upon empirica -statistical relations existing between the river
runoff, atmospheric precipitation and air temperature.

Thereis good correspondence between model ed and observed annua runoffs for severa rivers
of Georgia. Mean error makes 15-20% in case of application of the first and second models and 5-7%,
in case of the application of geographical-hydrol ogical model .

Using of geographica mode gives sufficiently good results. For example, while applying a
deterministic model, we got the worst result a the River Mtkvari — Vil. Minadze. The error makes, on
the average, 59%. Calculations carried out using the geographicad model showed, that in case of
temperature increase by 1 or 2°C, runoff will increase on the rivers of Western Georgia (Bzipi, Enguri,
Rioni), on the average, by 7-9% and 8-14%, respectively and on the river of Acharis-Tscali, it will
decrease by 2 and 4%, respectively. However, obtained results are probabilistic, since for 3 years,
sdlected in actual records when air temperature increase by 1 or 2°C was observed redlly, other results
were obtai ned.

Generdly, corresponding change of run-off connected with climate change, should be
reflected in average annua vaues of the run-off itsef and the analysis of their dynamics will give
more reliable results.

For the redlization of this method, due to the lack of reliable prognostic val ues of atmospheric
precipitation and air temperature for the prognostic period, average values of a long period
observation, taken from the water cadastre for the years of 1962, 1970, 1975, 1980 and 1990, were
used . These values have been cal culated since the start of observations until the years of 1962, 1970,
1975, 1980 and 1990. On the basis of their dynamics, for the prognostic years of 2010, 2030 and 2075
cal cul ations showed that at the level of 1980 less water dischargeis expected in 28 (21%) hydrol ogical
sections, among them for the confluents of the upper parts of the rivers Kodori and Enguri, for the
rivers of southern upland of Western Georgia in the portion of Khanistskali-Chakvistskali, on some
rivers of the basin of the River Kvirila. In Eastern Georgia the decrease will take place on the R.
Mtkvari (ZAHES and the city of Thilisi) and on its small tributaries lower Borjomi and on the R.
Duruji, as wel. Generdly, for Eastern Georgia, deviation of water discharges by the years of 2010
and 2030 relative to the level of the year of 1980 are within —14 , +39 m® /s and — 24 , +52 m%/s
respectively, and the average deviation makes +5 and+10% respectively. Trend of discharge decrease
in the heads of the rivers Kodori and Enguri is caused by the trend of the increase of snow amount
and as a result of the increase of abedo, which leads to the decrease of glacier melting and their
hydrological efficiency. At the portion of Dzegvi-Thilisi, on the River Mtkvari, the trend of the
decrease of discharges is caused by 25 m*/s water consumption from the River Aragvi for the water
supply of Thilisi and for the dimentation of Thilisi Reservair.

Indicated method was used for the calculation of total runoff for closing hydrological sections
of al rivers. Number of rivers of this category appeared to be 13 in Western Georgia and 7-in Eastern
Georgia. Their average many-year overal runoff for 1960, 1970, 1975, 1980, 1990 and projected
values for 2010, 2030 and 2075 were calculated without (I version) and with the consideration (11
version) of runoff cyclic variability. It appeared that many-year average discharge will increase by
4.7% and 13% for 2010,2030 and 2075 leve relative to 1980 level. At the same time, thisincreasein
Western Georgiawill be 2-4% more than in Eastern Georgia (Table 7.3.2).

We may expect variation of annua discharge series as a result of runoff cyclic variability,
particularly, in the phase of increase (1975-2015 and 2055-2075) growth will be observed, and in the
phase of fall (2015-2055) - decrease will take place. In this case, many-year average discharge will
increase generaly by 3.8-4.4% in Georgia, particularly by 1.9-3.2% in Eastern Georgia and by 4.5-
5.0%- in Western Georgiarelativeto 1980 level.

According to preliminary considerations, river runoff in Georgia during 2010-2030 will
increase by up to 4-7%. Energy produced at hydro power stations will increase, respectively.

Georgia is rich in hydro power resources [13]. They make 229 billion kWh, large part of
which — 219 billion kWh (96%) is composed by loca resources. Only 10 billion kWh (4%) are due to
transit water flow. These resources are not equally distributed over the Georgian territory. Their great
part, 165 billion kWh (72%) comes on Western Georgia (especidly on its northern part). 64 billion
kWh (28%) comes on Eastern Georgia. Here, the northern part is distinguished for relatively large
hydro power resources. Generally, there are 5 times as much hydro power resources in the northern
part relative to southern Georgia. From the recorded 208 large, medium-size and small rivers, 19 large
rivers give 72 billion kWh energy, among them remarkable for producing more than 5 billion kWh
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energy, are rivers Enguri (12.4 billion kWh), Rioni (10 billion kwWh), Mtkvari (9.4 billion kwWh),
Tskhenistskali (5.65 billion kwh) and Kodori (5.4 billion kwh) (Fg. 7.3.3). According to such
characteristics of hydro energetic resources Georgiatakes one of the leading places in the world.

Table 7.3.2. Expected variability of the runoff of Georgian rivers for 2010, 2030
and 2075 years rel ative to 1980 level

Region Years Prognostic years
< 1960 | 1970 | 1975 | 1980 | 1990 | 2010 | 2030 | 2075
| Version - Runoff of the main rivers

Western Georgia: m’/s 897 900 898 907 930 952 979 1044
% 4.96 7.94 15.1
Eastern Georgia: m’/s 351 364 362 365 367 375 382 399
% 2.74 4.66 9.32
Georgia: m*/s| 1248 | 1264 | 1260 | 1272 | 1297 | 1327 | 1361 | 1443
% 4.3 7.0 134

Il Version - With the consideration of runoff cycling variability
Western Georgia: m’/s 952 948 951
% 4.96 4.52 4.85
Eastern Georgia: m*/s 375 372 377
% 2.74 1.91 3.29
Georgia: m’/s 1327 | 1320 | 1328
% 4.3 3.7 4.4

| Version — Tota runoff of Georgian territor

Western Georgia: m’/s 1600 1679 | 1727 | 1842
% 4.96 7.94 15.1
Eastern Georgia: m*/s 470 483 492 514
% 2.74 4.66 9.32
Georgia: m’/s 2070 2162 | 2219 | 2356
% 4.3 7.0 134

Il Version - With the consideration of runoff cyclic variability
Western Georgia: m’/s 1600 1679 | 1672 | 1678
% 4.94 4.52 4.85
Eastern Georgia: m*/s 470 483 479 485
% 2.74 1.91 3.19
Georgia. m’/s 2070 2162 | 2158 | 2163
% 4.3 3.7 4.4

At present, approximetely 60 large, mediumsized and small hydro power stations are
functioning in the energy system of Georgia Their total installed capacity is 2.7 million kW, and
production makes 10 billion kWh. According to present situation, the actua production of these hydro
power stations is decreased by 40% and does not exceed 6 billion kWh, while in 1988 it made 8.7
billion kwh. Reason for this is that during the last 6-7 years neither mgjor nor current repairs were
conducted. We should suggest that during the nearest 2-3 years reconstruction and rehabilitation of
existing hydro power stations will be carried out, that will increase energy production by 2-2.5 billion
kWh and will provide the restoration of 1988 level.

Simultaneously, construction of 700 MW capacity Khudoni hydro power plant should be
restarted, and Namokhvani, Twishi and Zhoneti hydro power stations should be added to the Rioni
cascade. Total capacity of these four stations makes 1.14 million kW, and energy production is equa
to 3.3 billion kwWh. Generaly, during the nearest 20-30 years approximately 300 medium-sized and
small hydro power stations may be constructed with atotal 40 billion kWh production. This will allow
to assimilate country’s hydro energetic potentia practically by 80%, while technicaly it is possible to
produce twice as much energy.
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On the basis of indicated data, it may be suggested that in case of staying within existing at
present runoff norms, energy production will be at the present level, but if runoff increase by the years
of 2010-2030 makes 4-7%, then at the same hydro power stations extra 340 million kWh will be
produced by 2010 without any additiona expenses, and by 2030 — 600 million kWh.

At the same time, construction of new reservoirs will considerably improve conditions of
runoff regulation, lessen the danger of catastrophic floods. Here should be mentioned positive change
of inter-annual distribution of runoff, caused by expected climate change, which results in the increase
of winter discharge and decrease of spring-summer discharges. Such possible transformation of the
runoff has been suggested by many investigations.

Therefore, climate variation expected till the middie period of the 21-st century will not
worsen conditions of utilization of water resources for energy production, but, possibly, may even
improve them.

7.4. VULNERABILITY OF GEORGIAN COASTAL ZONE

7.4.1. BACKGROUND FEATURES OF THE COASTAL ZONE

Coasta Zone of Georgia encompasses part of the eastern coast of the Black Sea on 326 km of
length (Fig. 7.4.1) from the mouth of the River Psou (state border with the Russian Federation) to
Kelenderi Cape (border with Turkey). Its sea boundary passes mostly along the 130-m isobath and
deflects to the sea only in the mouths of large rivers. Land border represents an imaginative limit up to
which the sea water action is spreading during its high activity. Area of this zone is about 2600 kn,
that of the seaportion is 2200 knt (85%), average width is about 8.0 kmand at largest width it reaches
25km (Gudauta sand-bank).

Region under investigation is located in the tectonic zone of the Caucasus, characterised by
high activity, lines of latitudina fractures, large rates of secular fluctuations and drastic change of the
trend of vertica movement along the coasta line. According to these characteristics the coasta zoneis
divided into three main parts, out of which margina, i.e. northern and southern sections are devating
a arate of 1.5-3.0 mm/yr the and central portioni.e. the area between the rivers Enguri and Natanebi
is submerging a a rate of 1.0-5.6mm/yr. At the same time the coast of Poti-Supsa of the central
section is sinking most rapidly (C=4.0-5.6mm/yr).

In the region under investigation, the sea horizontal circulation is created by wind-drift and
river currents and vertica circulation is originated by the Black Sea centra divergence and periphera
convergence. The main drift current is predominant here, passing round the sea and creating in the
area of its contract with shelf descending rings of hurricane type. Such rings are originated
periodicaly dong the axis of the current and are accompanying with rotating movements the main
current for a certain distance, until their complete dissipation is observed. The length of such rings is
about 50 miles, the width is 30 miles. Their water volume is transported simultaneously at the same
rate horizontaly and in the sea depth down to 70-150m. The trgjectory of these components of the
main current coincides with peripherd, i.e. acoastal convergence zone and enforces it.

Divergence and convergence dynamics of the Black Sea together with wind -drift and river
currents stipulate the system of vertica four-cycle water circulation, margina cycles of which cover
the coastal zone and the centra cyclestherest of thesea (Fig. 7.4.2)

One of the main energy-producing sources of a sea dynamic system is wind, direction of
which is defined by the sea basin orography and the trajectories of air-mass movement. On the Black
Sea winds of northern™ south-western and eastern rhumbs are dominant on the sea water surface. Each
of them is directed to the sea with a certain angle” stipulating motion of water masses from the west
east-wards™ on some cyclonic closed curves, acting inside the main course. From the standpoint of sea
dynamics, storms have substantial importance, causing rough sea and water inflow to the coast,
resulting in the rise of the sealevel by 0.6-1.0 m for 6-8 hours aong the coastline, especidly in bays
and river mouths and the height of stormwaves in the striking line reaches 4.5-5.0 m.
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FIG. 7.4.2. SCHEME OF HORIZONTAL AND VERTICAL CIRCULATION
IN THE BLACK SEA

The Black Sea tidal wave is reatively weak (h=8-10 cm), though it may become critica
factor, if it coincides with stormy inflow.

Systematic  hydrometeorological, geologicd and geodesic observations and field
measurements are been conducted in the coastal zone of Georgia during many decades. Seven
oceanographic stations are functioning here, conducting regular measurements of the sealevel, sdinity
and temperature. Their data are supplementing the picture of the Black Sea temperature regime,
described inthe Table 7.4.1

According to the data of observations on the Black Sea level, permanent rising of the level
began since 1923-1925 and is proceeding a arate of 2.5 mm/yr. Absolute increment of the sea level
made 18 cm by the year 1998 and relative one, which is elevation of the sea surface relative to the
coast, exceeded 50cmin some places.

Table 7.4.1. Influence of current cycle of climate change upon the surface temperature
of the Black Sea coastal waters (1923-1995)

Water temperature i ncrement, °C . Duration
Oceanographic increment, days
No station Season of of recre- | of vege-
Febr. | Sept. | Annua | DT* | recrea | vege . .
; ; ation tation
tion tation
1 |Batumi 0.1 -1.6 -0.6 -1.0 -0.4 -0.8 -11 -6
2 |Bichvinta -0.6 -0.6 -0.5 -0.9 -0.5 -0.5 -8 -10
3 |Tuapse 0.0 -0.8 -0.5 -0.7 -0.6 -0.8 -13 -3
4 |Novorosiisk 1.6 -0.03 0.2 0.3 -0.6 -0.7 -7 13
5 |Feodosia 0.7 -0.7 -0.1 0.0 -0.2 -0.3 -9 -4
6 |Yedta -0.2 -0.1 -0.1 -0.01 0.2 0.2 -5 -9
7 |Sevastopol -0.4 -0.4 -0.4 -0.9 -0.5 -0.5 -9 -5
8 |Odessa 0.1 -1.3 -0.6 -0.6 -0.9 -1.2 -9 -5
Average 0.3 -0.7 -0.3 -0.5 -04 -0.6 -9 -4

*DT - Temperatureincrement is cal culated using aregression equation
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The analysis of the variability of the World Ocean level made it clear that rising of water
level isaresult of climate warming. Sealeve rise was first fixes by instrumental measurementsin the
northern coast of Scotland (Aberdeen, 1898). This process was later observed at the coast of Northern
France (Brest, 1908) and to the South of Portugal (Cascase, 1915). Long-period rising of the level or
eustatic movement in the Mediterranean Sea and the Black Sea began since 1915-1923.
Eustatic movements of the Black Sea level crested the following types of vulnerability in the
coastline of Georgia
1. Rising of theleve in the river mouths has worsened the run-off transportation to the sea, resulting
in the increase of catastrophic flood probability on some rivers.

2. Processes of swamping of pastures and washing out and deterioration of beaches have been
enhanced.

3. Coastd communications (railway, motor-highways) and municipa facilities were seriously
damaged.

According to the results of indicated vulnerability and eustatic and geologica processes
Georgian coastline zone should be divided into northern (up to R. Enguri), southern (to the
R. Natanebi) and centra sections. This division is made on the basis of reative eustatic vaue
distribution aong the coastline. Corresponding types of vulnerability are presented in the Table 7.4.2.

The heaviest types of vulnerability are observed in the centra portion, as the relative eustatic
movement is the highest and most important economic objects, such as the port of Poti, Supsa ail -
terminal, their infrastructure and communications are located here. Therefore, five regions of
especidly heavy vulnerability requiring specia adaptation measures have been identified in this
sections.

Relative eustatic movement is the biggest and reaches 7,6 mm/yr in the first and second
sections, i.e. regions of Poti and Rioni delta, meaning that the territory of Poti has receded since the
beginning of this century almost by 0.52m relative to the sea, Lake Paliastomi and the R. Rioni. It is
supposed that this process will develop in the nearest future. Anti-flood dykes protecting the city from
the R. Rioni and Lake Paiastomi do not provide reliable protection any more. The height of these
dams reative the river and the lake surface has decreased amost by 0.5m, as a result of which even
p=3-5% probability floods will be catastrophic for Poti and its environs. The latter has been proved by
catastrophic floods of the R. Rioni in 1987 and 1997, resulting in $13 million losses and human
desaths.

Serious danger is created to the city by the sea-leve rise from the side of Rioni cana. This
canal divides the city into two parts and is open for sea storms. Water level in this cana, in which
water-conveying capacity has decreased to 300n/s due to silting, will rise by 1.5m due to storm-
waves and bl ocking-up of the river and will flood the coasta part of the city.

Therefore, it is necessary to modernise dykes, protecting the city, taking into consideration
eustatic conditions and create such a monitoring system, which will permanently control the state of
dykes and in case of danger will provide timely warning of the popul ation.

Heavy form of the vulnerability of this region is washing out and flooding of Poti coastline, as
aresult of which the sea has advanced almost by 0.9 km and 600 hectares of the beach were eroded.
This process proceeds so intensively, that a serious danger is created to the third section i.e. motor
highway region, connecting Poti with Supsa termina and passing on the crest of the coastal dune in
Maltakva-Supsa region. Eustatic movements in the region have reached 32-55cm resulting in the
advancement of the sea into the mainland by 50-70m and its advancement in the near future for the
years 2030-2050 is expected by another 40-70m. The sea will create the danger of flooding to Poti-
Supsa coast, which is planned to be occupied completely by health-resort, tourist and port complexes.

Specid attention should be paid to the state of the fourth region i.e. mouth of the R.Supsa
under recent eustatic conditions. Relative eustatic movement here has resulted in 32cm sinking, as a
result of which the length of flooding of the R. Supsa has increased approximately by 0.5 km. In case
of rising of the sea and river levels by another 20-25 cm, the length of the river flooding will grow up
to 2.5-3.0 km and the decresse of the difference between the river level and its coast-line will result in
its flooding in case of p£3-5% probability water inflow. Thiswill create serious danger to oil-terminal
and its infrastructure. Especidly heavy conditions will be set up for those building and the part of
communi cations which are located in 0.7km zone between the sea and river banks, since the height of
this region to the river and sea surfaces does not exceed 0.3-0.5m.
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The second heavy type of vulnerability in this region is washing out of the coastline as aresult
of the intensification of eustatic processes. At present due to them the coastline has aready been
removed into the depth of the land by 1.0-3.0m, destroying 0.1km of the beach of high recreationa
capacity. In the nearest future, advancement of the sea by another 2.0mis expected, causing additiona
loss of a considerable part of coastal area (0.2 knt). The fifth region of this section, i.e. Ureki—R.
Natanebi, is known for its magnetite beach of unique recreational features. It has lost dready 0.6knT
of acoastal zone due to eustatic processes. This loss will increase in future by another 1.0kn?, but if
beach constructing sand flow, coming from the mouth of the R.Supsa is dammed, 30-40% of these
beaches will be destroyed.

Land is emerging at a rate of approximately 1.0 mm/yr in the southern section of the coast,
therefore the eustatic relative movement is so low here (DHEL.5mnyyr) that comparatively heavy
eustatic types of vulnerability, such as erosion of beaches, complications of railway exploitation
conditions and considerable increase of the probability of destroying populated settlements due to
eustatic flooding, are observed only in its second and fourth regions. Serious complications are
observed in railway communication on Chakvi-Makhinjauri coastline, where due to eustatic raising of
the sea level, the bottom of the railway bed appears in the zone of increased impact of water during
storm water inflows. Degradation of the coast is so considerable here, that it became necessary to
create artificia beaches protecting the bed by filling it with additiona sediments. Degradation of
beaches has especidly intensified in the extreme southern Adlia-Sarpi region of this section. The sea
has already occupied the 13m wide coasta part and since the coast degradation process is going on
intensively here, the loss of the area of 0.2kn? is expected in the nearest future. This assumption is
even more reliable because R. Chorokhi will be dammed in near future by the cascade of weirs. As a
result of that most part of the southern coast (from Batumi to Sarpi) will completely |ose the source of
alimentation by sediments of the R. Chorokhi.

Theland is rising in the northern section of the Coastal Zone at a rate considerably exceeding
the sea eustatic movement. Therefore relative eustasy is negative here, meaning that the sea leve
aong this portion is lowering a arate of 1.0 — 1.5 mm/yr. So, the main type of vulnerability hereis
the decreasing of the depth of the segports of Gagra and Gudauta, causing the necessity of
corresponding deepening of their fairway in the nearest future.

The coast of Sukhumi represents exception, receding at a rate of 2.0 mm/yr due to loca
landslide movement. As a result, relative eustasy here reaches 3.9 mmyyr and seriously accel erates
washing out and degradation of beaches. According to this, part of the second region — Sukhumi coast,
between Sukhumi cape and the port is under dangerous conditions here, where due to the deficit of
beach-constructing sediment the coast retreated by 1,2m. Advancement of the sea by another 0.6mis
expected herein the nearest future, resulting in the worsening of state of beaches in this region.

7.4.2. COOLING OF THE SEA SURFACE AND RESPECTIVE TYPES OF
VULNERABILITY

On the background of globa climate warming, temperature decrease is observed in some
regions of the Earth and among them-on some seas and parts of the World Ocean. According to
observations in the period of 1923-1995, sea surface temperature at Batumi has decreased by 1°C. At
Bichvinta this process is observed more clearly since the sea has cooled by 0.9°C here for the last 45
years. Sea surface cooling process is clearly presented at almost every oceanographic station, located
on its perimeter. Observations were conducted here in 1923-1995 (Table 7.4.1). According to the
comprehensive andysis of the information from these stations, water surface layer along the Black Sea
coast has been cooled on the average by 0.6°C. Besides, this process is much stronger at the southern
i.e. steep coast, having narrow shelf and is relatively weakly reveded in the environs of Kerch strait,
where shelf is wide and water exchange with Azov Sea has an essentia impact on therma and
hydrol ogic regime of the sea.

Cooling of the sea creates a serious problem to its whole coastal zone, especially in those
parts, where recreation and tourism has a leading role for the economy. This process is painful for
zones where subtropical plants are cultivated, since the cooling of the sea takes place in the second
half of the worm period of the year i.e. during the ripening and harvesting of crops.
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Cooling of the Black Seais caused by intensification of its vertical circulation, as aresult of
which heat redistribution between surface layer and so called "cold intermediate layer”, located at the
depth of 80-120 m has been acceerated. The reason of such acceeration is the activation of
atmospheric processes due to climatic warming in Georgian coastline created the following types of
heavy vulnerability:

1. Sea surface temperature has fallen approximately by 1°C and it happened mainly due to the
decrease of summer-autumn seasona temperatures, causing the worsening of the sea comfort
conditions.

2. Recreationa season has shortened almost by 10 days i.e. approximately by 7%.

3. Vegetation period has decreased almost by 8 days i.e. by 5%, worsening the conditions for
subtropica planting.

4. Therma conditions of the sea environment have been changed substantialy, that may result in the
migration of marketable fish to warmer waters to the south.

5. Inthe coastal regions, especidly in such mountain regions as Georgia, two-layer climate has been
created, in the lower part of which or in the zone of breeze circulation air temperature is faling
and in the higher layer climate warming is clearly observed, reflected in glacier retreat and air
temperature rise. Such type of climate will be preserved in the sea coastline until sea response to
the globa warming is observed.

7.4.3.VULNERABILITY FORECAST FOR THE NEAREST FUTURE
(2030- 2050)

The Black Sea, as a highly inertia system, will preserve, in the near future and intensively
develop the factors, determining coastal zone vulnerability-eustasy and faling of water surface
temperature.

Under the conditions of projected development of climate warming, further stable cooling of
the sea surface by another 0.5-0.7°C is expected in Georgian coastal zone. Due to above-mrntioned
processes of heat redistribution in the depth of the sea, this will accelerate thermal expansion of upper
biologicaly active 150 m layer of the sea and the rate of the sea level rising will be increased,
respectively up to 2.6-2.7 mmvyr.

Absol ute eustatic increment will reach 10-13 cm and relative increment in the central section
will be 30-41 cm, while in the southern part it will be 4-6 cmand in the northern-it will decrease by 2-
3 cm. Exception in the latter will be Sukhumi coast, where eustatic movement will increase by 10-12
cm. Further intensification of vulnerability of the coastad zone will involve hedth-resort and
recreational economy and subtropical plant growing, being especialy vulnerable to sea temperature
change.

The increase of types of vulnerability, connected with the change of ecological conditions is
also expected, since it is impossible to forecast the state of flora and fauna of the coastal zone in
advance under the conditions of changing characteristics of the sea biologica layer. It is difficult to
assess accuratdy in advance the volume of degradation of Batumi-Adlia coast and importance of its
results for the city, as well, since this type of vulnerability will be sharply aggravated in case of
damming of the R. Chorokhi, resulting in the loss of the main source of sediment alimentation.

Therefore, further intensive investigation of the vulnerability of Georgian coastd zone to
climate change is necessary, furthermore that the results of this investigation will be extremely useful
for the countries of the Black sea and Mediterranean Sea basin, which may appear in the zone of
climate regional cooling.
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7.5. VULNERABILITY OF NATURAL ECOSYSTEMS

7.5.1. MAIN TENDENCIES OF EXPECTED TRANSFORMATION OF
NATURAL ECOSYSTEMS OF GEORGIA

Natural ecosystems of Georgia are especiadly diverse, that is stipulated, first of al, by the
country’s geographicd, and particularly, climatic peculiarities, its location on the crossroads of
Europe and Asia, landscapes of quite different origin, etc.

Long anthropogenic impact substantially changed ecosystems of Georgia. Area of natura
vegetation of forests and steppes considerably decreased. Well expressed tendency of gradua
degradation of natura ecosystems has been identified. That is the reason of the anxiety caused by
expected global climate change and its possible ecologica consequences.

It is supposed that while increasing mean annual temperature by 1,5-2°C, transformation of
natural ecosystems of Georgiawill develop in two main directions:
= Schemeof vertical zondity of ecosystems will substantialy transform;
=  Considerable changes of the types of natural ecosystem structure are expected.

Relative to expected climate change, revealing some tendencies of transformation of Georgian
ecosystems is supposed. They may be named conditionally as follows (see Fig. 7.5.1):
= Xerophytization;
=  Mediterranization;
= Adventization;
= Laurophilization

Xerophytization

This process will be most reveaded in Eastern Georgia. Besides, it should be most evident on
the north-east Caucasus, in Akhaltsikhe Hollow and Javakheti and lori Highlands. Xerophyte
vegetation preferring arid conditions will expand widdly.

However, this process may change radicaly, if temperature increase will be accompanied by
the increase of atmospheric precipitation: while increasing of mean annual sums of atmospheric
precipitation by 20-25% (if it does not take place only during the late autumn-winter months)
compl ete domination of savannah ecosystems, arid rare forests and steppes is supposed accompanied
by dmost compl ete elimination of semi-deserts and deserts (except very saline biotypes).

M editerranization

This term denotes the process of expected expansion of Mediterranean Sea e ements mainly in
the Black Sea coastal zone and foothills. According to botanical and geographical division into
districts, considerable part of this portion, even a present, belongs to Mediterranean district.
Mediterranization is especidly evident in Northern Kolkhida (particularly, in the centra part of
Abkhazian coast), where annual distribution of climaticindicesis similar to Mediterranean one.

Adventization

This term is used to denote the process of expected expansion of invaded or introduced
species, which have aready penetrated into natural ecosystems. Asiit is evident by present tendencies
of dynamics of these species and the cenoses created by them, advantization should be particularly
revedled in the passage of Transcaucasian depression — most of al, in Kolkhida Lowland and
relatively elevated portions of the depression (200-1000 mas.l.).

L aurophilization

The term denotes a process of invasion of new areas by evergreen broad-1eaved species. Sharp
intensification of this process is expected in the mountain portion of Kolkhida, especialy, in South
Kolkhida, where the laurophil ous species are widey expanded.
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7.5.1.1. EXPECTED SPATIAL AND TYPOLOGICAL TRANSFORMATION OF
NATURAL ECOSYSTEMSRELATIVE TO POSSIBLE CLIMATE CHANGE
IN WESTERN GEORGIA

Expected transformation of natural ecosystems of Western Georgiais considered at present in
the context of a single scenario, in particular — in case of mean annua air temperature increase by
1.5°C. Thisis optimally clear scenario, reveding main tendencies of expected spatia and typol ogical
and structurd transformeation of natura ecosystems of Western Georgia.

While considering expected transformetion of natural ecosystems in connection with possible
globa climatic change, it is most important to redise clearly their main regional peculiarities, which
determine stable origindity of these ecosystents, i.e. to reved those characteristics, which substantialy
stipulate the balance of a given regiona systemin space and time.

Present distribution of natural ecosystems in Western Georgia is connected quite clearly with
peculiarities of the process of historica evolution of loca ecosystems. It is known that Western
Georgia — the main part of Kolkhida bio-geographicd region, was a shelter for representatives of
Tertiary flora during the glaciation periods. A number of vegetation species, which, even a present,
have a stable phytocenic position or pronounced ecological niche, are relics. At the same time,
considerable part of relics are of locd origin, and a humber of species represent local endemic forms,
i.e. they are most unique. From the point of view of contemporary ecologica and phytocenic structure,
specia role here belongs to the group of semi-sprawling relict forms, mostly shrubs, which give quite
an origina appearance to Kolkhida Region. The main part of this group is composed by evergreen
reicts, such as. Rhododendron ponticum, Rhododendron ungernii (loca endemic), Rh. Smirnowii
(loca endemic), Lauroceracus officindis, Ilex colchica, Ruscus ponticus, Epigaea (the most rare loca
endemic), etc. Existence of this group substantialy defines present tendencies or stability of Kolkhida
ecosystem dynamics.

Another very important feature of the region is the abundance of Mediterranean eements in
the coasta zone.

It is expected that just these two e ements — evergreen Kolkhida and Mediterranean € ements
will appear to be most sensitive to possible climate change. Substantial changes are expected, as well,
on Kolkhida Lowland; though, this transformation will be less connected with direct response of a
biologica part of ecosystems to climate change. Decisive factors here will be the change of the sea
level and the level of underground waters, connected withiit.

7.5.1.2. KOLKHIDA ECOSYSTEMSAND EXPECTED GLOBAL CLIMATE
CHANGE

Kolkhida ecosystems take a specid placein biologica diversity of the world, that, first of al,
is explained by the fact, that it represents one of the largest refuge for relic Tertiary hydrophilous and
thermophilous plants, needing special care and protection.

Expected globa climate change will create particular danger to coastal vegetation. It will be
reveded in the devation of the sea level on the one hand, and on the other-in the invasion of arid
vegetation.

POSSIBLE IMPACT OF EXPECTED CLIMATE CHANGE ON KOLKHIDA COASTAL
ZONE VEGETATION

The transformetion of vegetation of Kolkhida province coastline, foothills, lower, middle and
upper belts of mountain forest and high mountains are considered in case of expected temperature
increase. The aready worked out scenario for outlying districts of Alpsin Europe has been taken as a
model, i.e. the raise of temperature by 1.5-2°C..

The width of the Black Sea coastline, composed of sand and gravel, does not exceed 100-300
m. The part of this coast is expected to be flooded. It is suggested that a similar event took place
during the earlier stage of formation of the continents, i.e. when first mountain ranges elevated above
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the water and stormy rivers began to carry rocks into the sea. All these make scientists to suggest that
coastal sands and gravel represent the oldest and “relic” substrate.

Expected climate change will not have sharp impact on coastal vegetation, if we don't take
into consideration the raise of the sealevel and substantial degradation of sandy vegetation of the first
line (littoral), and in some cases, dimination of a number of interesting species. This danger threatens
the following species: Pancratium maritimum, Glaucium cornicul atum, Euphorbia pardias, Eryhgium
maritimum. All these species are plants of Mediterranean Sea coast and need specia protection, which
should be conducted by replanting them in botanical gardens and conserving their seeds in genetic
banks.

In case of temperature increase, expansion of xerophilous plants (mainly representatives of
steppes) is expected from bordering territories of the Black Sea coast (e.g. from the Crimean coast).

POSSIBLE IMPACT OF EXPECTED CLIMATE CHANGE ON KOLKHIDA LOWLAND
AND FOOTHILL FORESTS

Lowland and foothill forests in Kolkhida are characterised by a number of common
formations. These are: 1.Alnetum, 2.Quercetum iberici, 3.Querceto-Zelkovetum, 4.Carpinetum
orientalae, 5.Carpinetum caucasici, 6.Castanetum sativae, 7.Fagetum orientalae, 8.Mixed valey
forests, and 9.Mountain pines. These forests have their ecotopological area, or the region of their
expansion, which is characterised by particular (unlike other parts of forest) ecological conditions,
stipulated by landscape peculiarities.

In case of the raise of temperature the Alnetum forests will be competed by more arid verdure,
that will bring the further decrease of aready smdl area of this forests.

In case of climate warming, the area of Quercetum iberici will expand, as arule, only in rocky
and limestone places, i.e. where M esophilous and Sciophilous plants will not be able to penetrate.

It should be supposed that as aresult of climate warming on the Black Sea coast Zelkovetum
will expand here again. Expected climate change will not cause any radical change in Carpinetum
orientalae community. Expected temperature increase will cause shifting of Carpinetum caucasici
from moist slopes. It is natura that expected increase of temperature will result in sharp decrease of
the expansion of a very vauable species - Castanetum sativae. Expansion of Fagetum orientdae, as a
hydrophilous plant, will decrease in case of expected temperature rise. Therefore, al above-indicated
shows that substantia increase of temperature will sharply change the pattern of the variety of plants
of mixed forests — many species will disappear at al, and many will be removed from this territory.
Temperature increase will result in considerabl e expansion of pine forests.

Perhaps, Castanetum sativae will not change a al on the coastal slopes of Meskheti Range,
where condensed precipitation will probably aways be abundant. In other places, everywhere — on the
slopes of Samegrelo, Svaneti and Racha-Lechkumi ranges, as aresult of temperature increase, mainly
Mediterranean vegetation will penetrate and will be mixed with these forests. Smilar picture will be
observed for Abietum and Fagetum orientalae — Abietum forests expanded above Fagetum orienta ae
forests. Border of their expansion will rise approximatdy by 150-200 m (if temperature increases by
1.5°C). Here aso substantia area will be occupied by representatives of arid Mediterranean flora.
Migration from the Mediterranean Sea coast will increase, as it took place in Quaternary geologica

period.

EASILY VULNERABLE (SENSITIVE) ECOSYSTEMS OF KOLKHIDA HIGH
MOUNTAINS

Sensitive ecosystems of Kolkhida high mountains are; 1.Crooked birch, 2.Fagetum orienta ag,
3.Betuletum, 4.Fagetum orientalae, 5.Abietum, 6.Ficeetum, 7.Subalpine altherbosa, 8.Rhododendre-
tum, 9.Salicetum (bushes), 10.Alpine forbs, 11.Carpet-Like Alpine meadows, 12.Schneetalchen,
13.All ecosystems of subnival belt.

Existence and devel opment of listed ecosystems are stipulated by thick snow cover in winter
and by abundant precipitation in summer. In connection with the temperature increase, change of the
snow cover regime will result in sharp change of spatid distribution of these ecosystems. Particularly,
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they will shift by 150-200 higher and their bio-system relationship will substantially degrade for a
long time. They will be replaced by less hydrophilous vegetation, among them are many adventing
species and cultivated plants.

7.5.1.3. EASTERN GEORGIA

All vertical belts of vegetation are presented here beginning with sub-arid steppes, semideserts
and hemixerophilous rare forests, and ending with humid Alpine and niva belts. Forest belt in Eastern
Georgia begins from 500-600 m as.l., while in Western Georgiathis belt is present immediately from
the seacoast.

In case of temperature increase, desertification of semideserts and related transformation of
vegetation on saline soils is expected. Especidly sharply this process will develop in the ecosystens,
degraded under anthropogenic influence, as a result of intensive pasture of domestic animas or
recreationa activity. Degradation of steppe vegetation and at its replacement by semidesert vegetation
is expected as well. In case of precipitation increase adong with temperature rise (according to the
forecast of Georgian climatologists) savannah (or semisavannah) type of vegetation will develop.
Besides, in case of the increase of temperature by 1.5° C, al above mentioned ecosystems will shift
upward by about 100-200 m.

Share of Carpinetum orientalae, Quercetum iberici, pine forests will substantialy increase,
while the share of Carpinetum caucasici, Fagetum orientalae and Castanetum sativae in forests of
lower and upper belts of mountain forest will largely decrease. Substantialy will decrease, as well, the
area occupied by Taxus baccata and Zelkova carpinifolia. Upper border of the forest will rise by 150-
180 m and replace ecosystems of Alpine shrubs, particularly Rhododendretum. The belt of apine
vegetation will be narrowed significantly.

Sharp shift of vegetation will take place in subnival and nival belts. If at present, upper border
of expansion of these plants is 3700-3800 m, then, in future, the altitude will be 3900-4000 m.

7.5.1.4. SOUTHERN GEORGIA

In this rlatively continenta region, in case of temperature rise by 1.5°C, ecosystems will shift
above on the average, by 150-200 m. Lower belt of mountain verdure in this region is presented by
xerothermic vegetation (Qiercetum iberici, mountain hemixerophilous ecosystems). In the middie belt
of mountain forests, Fagetum orientalae, Pinus and again mountain hemixerophilous ecosystems are
devel oped. Decrease of the expansion of Fagetum orienta ae ecosystems is expected at the expense of
the expansion of Pinus and mountain hemixerophilous vegetation. Steppes of the upper belt of
mountain, Quercetum iberici and Pine forests will invade small areas, occupied by mesophilous
forests. Especiadly large areas will be occupied by the components of steppe ecosystems, but the
formation of steppe ecosystem itself will need, certainly, rather a long time. In the Subalpine belt,
where the most easily vulnerable species are represented by crooked Betuletum and Rhododendretum
forests, having very narrow expansion, these ecosystems will decrease even more and will shift into
the Alpine belt. Most sensitive ecosystem in the Alpine belt is represented by so called carpet-like
Alpine lichen, which develops under hidden glacia landform conditions and its existence is connected
with snow cover. It is natura that this ecosystemwill be degraded and some of its components lichen
start expanding in the subniva belt. The latter, which is represented as a narrow strip in this region, is
undergoing intensive transformation and a number of typica subniva plants, connected with glacier
and snow cover, will be actudly eiminated.

7.5.2. VEGETATION EXPANDED ABOVE SNOW CLIMATIC BORDER IN THE
CONDITIONS OF EXPECTED GLOBAL CLIMATE CHANGE

Available modds of climate change in European Alps have been considered and they were
used for high mountain conditions of Georgia
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1. According to the hypothesis of temperature largest increase, the mean annual temperature will rise
throughout Europe, on the average, by 3.8+1.0 °C. Precipitation amount will increase dlightly:
0.22 mm daily and 70 mm annually (Regularity of their annua redistribution is not known).
According to this hypothesis, belts should be shifted in European mountains by 700 m higher and
each lower belt will replace the upper one.

According to our forecast, the Caucasian high mountain region will change as follows:
= Reduction of snow cover will take place and abundant water will be observed in the lower bdlt;
= Glacierswill retreat, friable and labile snow mass will melt;

In lakes and mountain valeys changes of a total storage of water runoff will be observed

Regularities of their drainage will change, as well.

2. According to the hypothesis of reaively moderate increase of temperature, rising of belts will
take place by 150-180 m, i.e. approximately, by one quarter of a belt. Precipitation change
gradient is not known.

Let's consider changes, expected in the subnival belt of the Caucasus, according to these two
hypotheses.

According to the first hypothesis, nival belt in Georgia will be preserved only on Shkhara,
Kazbek, Ushba and some other mountain summits. Subnival belt will rise, respectively (and in
some cases, will completely disappear). Decrease of the expansion area and in some cases,
elimination, threaten those vegetation species, which are expanded above the snowline and are
reativey stenotopic. These are:
= On the Western Caucasus, particularly, in Svaneti: Saxifraga scleropoda (4000 m),

Colpodium versicolor (3900 m), Primula bayernii (3900 m), Minuartia trautvetteriana (3900

m), Tephroseris karjaginii 3900 m), etc.
= On the Central Caucasus, particularly, in Racha — glacier Chanchakhi: Cerastium kazbek

(3600 m), Eunomia rotundifolia (3500 m), Cerastium cerastoides (3500 m), etc.

» Near Gergeti glacier, Kazbek: Cerastium kazbek (3900 m), Alopecurus dasyanthus (3750 m),
Saxifraga moschata (3750 m), Saxifraga sibirica (3750 m), Colpodium versicolor (3700 m),
€tC.

» Heads of the River Didi Liakhvi: Cerastium polymorphum (3500 m), Cerastium kazbek (3500
m), Saxifraga sibirica (3500 m), Veronica schistosa (3500 m), Ranunculus lojkae (3450 m),
Saxifraga pontica (3450 m).

Therefore, we have dedlt with plants, which are expanded above the snow border and more
than other species, are connected with glaciers and snow cover.

According to the other hypothesis, temperature should increase by 1.0-1.2°C, that will result in
the shifting of vertica belts by 100-150 m. This hypothesis seems more rea and judging according to
this scenario, lower border of subniva belt on the Caucasus will not pass at the dtitude of 2900
3000m, but at 3000-3150 m a.s.I. Upper border of a subniva belt will change respectively and it will
not pass at the height of 3500-3650 m, but at 3650-3800 mas.l.

In our opinion, relatively sharp changes should take place in the lower zone of subnival belt,
where fragments of Alpine meadows, connected with snow cover, are presented. Degradation of the
vegetation of this portion isinevitable as aresult of intensive snowmelt.

Asit is known, in this zone of subnival belt, many chionophilous plants of the Alpine belt and
of subnival belt itself, are expanded, among them Antennaria caucasica, Anthemis iberica,
Gnaphaium supinum, Potentilla gelida, Tephroseris karjaginii, Sibbaldia semiglabra, species of
Pedicularis, Taraxacum stevenii, Viola minuta, etc. In connection with temperature incresse they will
have to change their place of expansion or, be diminated at al, since, as it is known, chionophilous
plants are | ess resistant to atemperature factor and find shelter under snow cover.

Besides, as it is known, plants of subnival bdt ae characterised by so cdled
“Xeromorphycity”, that first of al is expressed in excessive fluffiness of some species (Anthemis
marschalliana, Aetheopappus caucasicus, €tc.), in development of succulent leaves (Tripleurospermum
subnivale, Eunomia rotundifolia, etc.). Sharp increase of temperature and growth of its diurna
fluctuation will result in the intensification of “ Xeromorphycity”.
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7.5.3. NATURAL GRASSLANDSRELATIVE TO EXPECTED GLOBAL
CLIMATE CHANGE

7.5.3.1. SUBALPINE BELT OF THE CENTRAL CAUCASUS (KHEVI REGION)

According to the forecast, in the high-mountain Caucasus, temperature increase approxi metely
by 1.5°C and precipitation decrease is expected in connection with the global climete change. As a
result, ecologica loading will grow shapdy, first of all, on the feeding lands of subapine belt,
particularly, on natura hay-fidds and pastures. We have considered expected ecologica
circumstances for them and proposed some measures for the preservation of heir stable state.

Khevi region is the highest part of high-mountain central Caucasus, where average atitude of
mountain ridgesis over 3500 ma.s.l. Therdief is very rugged by longitudina and transverse deep and
steep slopes. Khevi Subd pine belt represents an old perigloeva of Quaternary Age. Morphological
forms, caused by processes of glacia erosion and glaciation processes of that period have been
preserved here. Main current geomorphological processes are presented by erosion, denudation,
weathering, accumulation, actions of collapses, avaanches, landslides, midstreams and glacid
exaration. Out of microrelief forms, aluvia material and their cones are dominated.

The Khevi Region is especialy rich in glaciers, the area of which here takes about 116 kn¥.
Most of them are located on the slopes of Mt.Kazbek and they actually are the gorge glaciers. It isto
be considered, that the raise of temperature and aridity will cause melting of this glaciers and the
increase of river runoff.

Cold air, having reached Khevi Region, warms due to foehn effect. The Khevi Region is
especialy rich in glaciers, the are of which here takes about 116 Knf. Most of them are |ocated on the
slopes of Mt. Kazbek and they actudly are the gorge glaciers. It is to be considered that the raise of
temperature and aridity will cause melting of this glaciers and the increase of river runoff. It must be
noted al so that in summer the dry and hot air-masses from the deserts of Central Asiaare reaching that
part of Great Caucasus. During the warm period, mean monthly temperature in subal pine areas equal s
to 12.9-15.2°C. Air temperature absol ute maximumin July-August in the vill. Kazbegi is 32°C, and on
Gudauri and Jvari mountain passes it equal s to 27°C (July-September).

Average annua precipitation amount in Kazbegi region (Valley of the RTergi) does not
exceed 652 mm. This indicates, that some 20-30 years later the conditions on Kazbegi feeding-lands
will be critical. This circumstance is even complicated by the regul arity, implying that from the second
half of July this ravine faces drought and intensification of southern warmwinds.

Vegetation. The climate in Kazbegi subalpine belt is dry and continental in comparison with
other mountain regions of Georgia. Therefore, according to the forecasts, available expected climete
globa change impact upon the vegetation, mainly, will not be as sharp, as in the western part of
Caucasus. In Kazbegi Region temperature increase and precipitation decrease will have an impact,
first of al, upon the groups of medium humidity feeding land types.

Meadows of one of these main groups are widely expanded in the region up to 2600 m as.l.
They are mainly used as pastures and, partialy, as hay-fields.

7.5.3.2. ALPINE BELT OF THE CENTRAL AND EASTERN CAUCASUS

Ecosystems of Alpine belt are especially vulnerable to high temperature and aridity, since
their development is connected with snow cover. Such ecosystems are carpet-like apine lichen, grass
meadows, Rhododendretum, the line of birch upper belt, etc.

Vegetation of apine bet, unlike suba pine vegetation, is used only for pastures.

Most vulnerable to expected temperature incresse and precipitation decresse will be
mesophillic apine grass lands. Genera description of this type of fieldsis presented bel ow on the case
of centrd and eastern Caucasus a pine belt (Khevi, Samachabl o, Tusheti and Khevsureti).

Alpine pastures are characterised by low-productivity grass vegetation. Their man
components are cereal s and representatives of Carex: Nardus stricta, Festuca varia, Kod eria species,
Phleum alpinum, etc. Carum caucasium, Taraxakum, Sibbaldia semiglarbia, etc. are dso expanded
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here.

Southern slopes of Alpine belt are mainly covered by Bromopsis variegata and Agrostis
tenuis, forming highly nutrient pastures. Festuca varia cenoses are dominant on strongly steepy slopes
of the same exposition. Their nutrient importance for domestic animalsis average.

Relatively even relief crestes the condition for meadows useless for pastures with the
domination of Naralus stricta

Substantial area is occupied in Alpine belt by so-caled apine carpet-like lichen, spreading
mainly on snow-edge areas and are used as pastures.

Asit is known, the devel opment of grass vegetation is connected with the zona distribution of
precipitation and temperature. E.g. during the whole summer, in regions, rich in atmospheric
precipitation (Ajara, Guria, Svaneti, RachaLechkhumi) storage of grass during the summer
continuously increases. However in Central and Eastern Caucasus-in Khevi, Samachablo, Tusheti and
Khevsureti regions, as a rule, droughts are observed from the second haf of July. This time grass-
vegetation undergos strongly stressing phenomena-diffusion resistance of stoma to water vapour and
carbon dioxide increases, intensities of transpiration and photosynthesis decrease and frequency and
duration of depression of these processes decrease, water deficiency in the plant increases,
photosynthetic productivity decreases 8-12 times in various species, diurna baance of carbon dioxide
gas exchange is breaking. All these stipulate the suspension of vegetation growth during the drought
and sharp decrease of its productivity. Devel opment of shootsis being stopped in this period, aswell.

Content of Provitamin A in grasses of pastures, provided with moisture, in much higher, then
on dry pastures. Besides, it is remarkable that vitamin content during summer is higher in rainy
months than in droughty months. Vitamin content is higher, as well in grasses, growing on the
northern slopes than in the verdure of the southern slopes.

During the vegetation period the most humid are northern slopes of Alpine belt. Sopes of
southern exposition are not sufficiently provided with moisture from the second half of July. Valey
bottoms have transitiona state. Particular water deficit is observed on the crests, where during the
droughts especidly hard ecologica situation is created (wind factor should be considered here, as
well).

S0, expected precipitation decrease and temperature growth on central and Eastern Caucasus
may cause substantial degradation of agricultural lands, particularly, that of Alpine pastures.

7.5.4. CURRENT STATE OF GEORGIAN FORESTSAND THE NATURE OF
THEIR ALLOCATION

Forests cover more than the third (36.7%) of the territory of Georgia, that is approximately
2.70 million hectares, haf amillion from which are occupied by rare and degraded forests.

Diversity of the physica geography of Georgia, particularly that of climate and complicated
history of formetion of its vegetation cover, condition the variety of the content of its forests.
Currently, over 350 species of trees have been registered over the country's territory — especidly
interesting are the derivatives of old mesophytic dendroflora (so caled "tertiary relics"). This type of
vegetation seems to be quite unusua for forest landscapes of Western Eurasia, particularly for
Georgia and does not inscribe naturdly in ageneral scheme of floristic mosaic.

Forest formations of Georgia contain about 51% of Fagus orientdis, 10% of Abies
nordmanniana, 6.3% of Picea orientalis, 9.3% of various types of Oak (mainly Quercus iberica, rather
less — Q. macranthera, Q. pedunculiflora, etc), 3.6% of Pinus kochiana 3.0% Alnus barbata, 2.1%
Castanea sativa, 2.0% of various species of Betula, mainly Betula litwinowii. Relatively small areas
are occupied by forests of Carpinus caucasica, Tilia begoniifolia, Alnus incana, Acer platancides,
Fraxinus excelsior, etc. Other species are. Acer velutinum, Taxus beccata, Zelkova carpinifolia,
Quercus hartwissiana, Q. imeretina, Pretocarya pretocarpa, Populus canescens, P. nigra, P. hybrida,
SAix excelsa, S. dba, etc., Ulmus suberosa, U. foliacea, U. dliptica, Pistaciamutica, Cdtis caucasica,
Juniperus foetidissima, J. rufescens, J. policarpos, J. ablonga, etc.

On Kolkhida Lowland forests expand just from the sea level. These are Alnetum incahae and
Pterocarya prerocarpa. In the areas of less forestation Quercetum iberici, Carpinetum caucasici,
Castanetum sativare are expanded. In Abkhazia, Pinus pityusais growing on the seacoast.
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In the past, Kolkhida foothills were covered by forests. At present, they do not exist amost a
al. In the lower part of the forest belt (up to 500-600 m) Quercusiberica, Q. hertwissiana. Castenetum
sativae, Carpinetum caucasici have been preserved in some places; higher — mainly Fagetum
orientalia, and at 1000 m above sea level — Fagetum orientalea and Abiltum and Fagetum orienta ea
and Betul [tum are expanded.

For forests of Western Georgia reic creeping shrubs — among them evergreens —
Rhododendron ponticum, Laurocerasus officindis, Jex colchica, Rhododendron luteum, Vaccinium
arctostaphylos, etc., are characteristic. They form undergrowth at dl levels of the forests of Kolkhida
and its neighbouring mountains. In the subal pine belt Rhododendron caucasicum grows, as well. In
some places, especialy in Abkhazia and Samegrel o mountains, Ruxus colchicais still expanded on the
second forest |ayer.

On lowlands and foothills of Eastern Georgia forests grow only aong the lower part of the
rivers. Among them predominant are Quercus pedunculiflora, species of Rhododendretum, etc. Very
characteristic for the forests of Alazani valley is Pterocarya; higher — within 150-600 m above sea
level light forests have been preserved in some places. Shrubs of Pdiurus spina — christi, Rhamnus
palasii, Spiraea hypericifolia, etc. are expanded as well in the same belt.

In the lower part (600-900 m) of aforest belt, Quercus ibericais expanded, which is replaced
higher by Querceto — Carpinetum caucasici, Carpinetum caucasici, Carpineto castanetum sativae. In
the middle and upper parts of the forest belt Fagetum orientalea, as well as Abietum are predomi nant
and on the ducidated slopes - forests of Pinus are growing.

In the lower part of a subapine belt of high mountains, rare forests of Betula litwinowii, B.
medwedewii, B. megrelica, Acer trautvetteri, etc. are developed. For subal pine forests Elfin woodland
is characteristic, less expanded are (Western Georgia) Fegetum oriental ea.

In suba pine belt, higher than 2100-2200 m, especidly in the Western part of the Caucasus,
Altherbosa is developed. It is observed in the dpine bet, as well. On well eucidated southern slopes
shrubs are formed by Juni perus sabina, J. depressa.

7.5.4.1. REVEALED AND EXPECTED (UNTIL 2050) REGIONAL CHANGES
OF CLIMATE AND VULNERABILITY OF GEORGIAN FORESTS

Until recently data on possible consequences of expected climate change in Georgia were not
available. Investigations carried out under the National Climate Change Program, have reveaed the
dynamics and territoria variations in the 20-th century of separate € ements of climeate, such as air
temperature and atmospheric preci pitation.

The established rate of temperature change considerably fals behind a limiting vaue
(0.1°C/10 yr) of temperature adaptation of vegetation (according to the assessment of IPCC).
Proceeding from this, it may be noted, that indicated change of mean air temperature should not have
any impact upon ecol ogical state of forests in Georgia

The nature of atmospheric precipitation change during the 54 years (1937-1990) is rather non-
homogeneous. The range of the change of precipitation sums during the warm period of the year is
quite high: from-25%to +15% (i.e. -5%/10 yr +3%/10yr). This factor might have a certain impact on
forests. Particularly, in dry regions on the background of mean air temperature increase, substantial
increase of atmospheric precipitation (especidly in northern and north-eastern parts of Eastern
Georgia) might result in xerophytisation of forest vegetation.

In those regions, where small increase of temperature is observed (+0.1°C . +0.3°C in
century), as well as high rate of precipitation increase (+15% in 50 years), favourable conditions for
vegetation (forests) expansion should be crested.

According to available data, in the next 50 years in Transcaucasia, particularly in Georgia,
increase of mean air temperature from 1°C to 1.5°C is expected. Thiswill have a substantia impact on
the ecological condition of forests. In those regions, where temperature increase and precipitation
decrease are projected, frequency and duration of droughts will grow. As aresult, the area of forests
will decrease, regularities of the alocation of forest formations will change, dendroflora will become
poorer, specific share of relatively drought resisting verdure will increase. Especially great danger will
be created for relics of old, mesophytic flora.
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At the same time, in some regions (e.g. in the district of Dedoplis-Tskaro), if a positive trend
of climate change, existing at present (precipitation increase) will increase in the next 50 years,
expansion of aforest areais expected. However, number of such regionsisvery small .

To decrease the impact of negative consequences of expected climate change, it is necessary
to work out a specid strategy and conduct preventive measures. Otherwise, forest degradation process
will becomeirreversible.
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8. ANALYSISAND THE
STRATEGY OF ADAPTATION
MEASURES TO EXPECTED
CLIMATE CHANGE

The assssarat of the trends of change of nein
demats o the dimgte  in the psgt centuy ad the
inedigetion  of wdneadlity of  dffeet brandes o
econony and  ndurd ecosysers . medeit  possbl eto work
out the plan of adgptation meesures in rdevant direttions

to expected dimete dnange

8.1. AGRICULTURE

Duetotheinpect of expected dinete change, theworking ot of suiteble adgptetion Srategy in
agricdture indudes adgptetion to changing bidogicd, technicd, econorric, sodd and regulaary
condiitions, so thet to respond correctly to expected conssouences , causd by dimetechange

Proceeding from  the bidogy of agricuturd crops theincesse of  tenparaure over the mogt
part of theteritary of Georgiawill resit in the condiderddle change of conditions

Incaedf therased tenperaure (in Wetern Georgia— by 1 °C and in Ezstern Georgia— by
2°C) thestrudure of industrid branches will changedlightly, thet will be stipulated by aspetid shift of
aaops. InWestern Georgiathey will shift upwerds, onanaverage, by 170-200 mand in Esgtern Georgia
— by 350-400 m, that will be caussd by the increase of surs of adtive tenperatures. This vaue will
resch 4300 °C and even nore, in subtropicd zone, and in Easten Gaorgia (Lower Kartli, Alazani
valey) — morethen 4600 °C. In Westemn Georgia terperature surs will incresse by 300 °C, adin
Estan Garga—by 600  °C.Incase  of theredization  of indicated conditions the following adaptation
messures should be conducted.

A. Drought-resigting, highly produdive spedes of agricuiturd agps such as whedt , od,
Meize ving sunfloner, tobecoo, ec ., inmune to diseeses and pests should be aregted for
Gaorgian conditions.

Toreved such  qudities , gandtic patertid of locd gpedes should bestudied. Onthebessof

reveding desiradle fedures, it will be posshle to daemine the aaility of any spedes to

adgt to dinegtechange

B. To introduce conpledy ratadion of crops, tha will setlethefdloningimportant problens

d Pesvaion ad incresse of sl fatility & the expanse of the fixing of bidogicd
Nitrogen by dexessingtheusedf  mingd fatilizas and addtiond utilization of
atifidd adtures of Nitrogen fixing orgeniss, inproving biophysicd fegtures of
0il. Thus, edudtion of Nitrogen Oxides(NO ) will subgtantidly decreese, resuiting
in cond derablelowering of greenhouse ges amission;

b) Ressondde consunyation of weater resources by improving soil weter -oonsuming
propaties (moigture contant, resgtance to eroson), thet will provide decresse of
droughtinpact tosomeext  ent;

0 Conddaade deresse of goreading of plant diseesss, pedts and weeds, thet will
subgtantidly lessen the use of Herbiddes and Retidides

Sringaops(whedt,  cat) shoudbesubditutedby  winter arops

With the purpose of geting two or nore high and quditdive yidd of aops moidure
supply will be nesded, the necessary condition of which s the recondtruction of exigting
irrigation system its expand on and conplee tilizetion, introduction of sorinkling and drip
irrigation toprovide lesser weter consurption.

o0
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E Adoption of enintegrated sygemof agricuiturd menegemant, providing the devd opment of
new technologies and its wide introduction and utilizetion, thet will gipuae the rase of
efidency of egicdture

F. Povidgondf thepat of popuaion , engaged in agricuture with full, sdentificdly proved
inforretion,  for meking them familiar with the probdlers, conocaning vulnerdality,
adgptdionand mitigeti  on meesres as aresult of expected dimete change Sncein case of
terpraueinoesse  upto 38 °C, the themd regime of a humen organismis vidated and
huren ecdogicd bdance is draned , the public should be reedy for the conducti on of
protective messLres.

Thadorg agiadtue  in Georgiahes ahigh edgptation potentid, which may be effedtivdy used
incax=of gppropriatefinendd investments

8.2. WATER RESOURCES

Abundant water resources of Georgiaare quiite auffident to satiy damends of its population
and ndiond econony a presant, aswell asin the next century. Annud valume of water per cpitalis
equd to 12thoussndm 3, rqresanting one of the best indicesin theworld. However, theseresources are
nat digtributed unevenly over the taritory. Alnogt three qQuates of water resources comeon Westen
Gaoga adone  quate — onEsgtern Gaorgia

In addition, in a number of regions, thare is dreedy shap shartage of weater thet should be
dimnaedintime Beddes dtudionis grave insonme pat of therivars (Kvirila ec .) concerning water
contanrination, meking the Stugtion even harde.

Expected dimete change will cause aggrevation of dangerous hydromgteordogicd phenomena
Frequency of droughts and floodswill increese |, reauliting  in weter shortage during frequent droughts on
theonehand , and theinarease of damege done by floods, on the ather. Under such condiitions anunber
of odades ae to be expected in differat branches of naiond eoconony ad therefore scde of
adgpdion inoeee s for projetted  years It should be caried out menly in three diredtions: by weter
regulaion, saving and refilling of weter resources.

A. Ways o dfidat utilization of water resources . Consavation of water resources darends

the rehabilitation and expansion of exiging weter — utiliztion sytars , building of new
congrudions (davs, cands, dikes agueduds ec), improverant of exising systars of
water-conaunTption and weter-supply.

Al Itisnecessay toput in order these systes, inprovether technicd condition, timdy carry
out meintenence and reper work s, equip them with moden wate-saving devioess . This
caegory meinly indudes the systars of dripirrigation, providing efetive and rationd use
of irmigaiond water  anditsmininum  loss, Snce systes are d osed and weter-supply and
e ntenanceis conducted through metd or  polyethdenepipes;

A2 Some marshes of the Blaodk Seacoa st of Kakh ida Lomand should be converted into a
revase zong that will dipuae the saving of avalable wae resources provide
rerediond adtivity  and protection of ecdogicd conditions of awhdetertitary,

A3. It is necessary to don-down the processes of sacondary svamping, that could be achieved
by increese the dfidency of exiging water-draining systars and rationd use of water
reourossinthe 5-30 maminat zone of KakhidaloMand.

B. Ways of river flood dereese . Hoods due to water tides of diffaeent caegaries cause
caadrophic dangarous phenomena For the pratetion  from the fdlowing system of
messures should acoonplished:

Bl Hamed water resavairs should be congructed in the gorges o rivers (Bapi, Kodori,
Enguri, R oni, Tskhenigtskdi, Mtkvari and itstributaries ) inthenearest 15-0 years asthe
nod rdiddeand effetivemessre of protection againgt water tides;

B2 Flooding lirit on populated  benks of  rivers and arees of econamic adivity should be
detemined  withtheconsidaration of dl categories of weter tides ;
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B3. Dagaousp atsdf dikesonthe barks of the River Rioni, causad by the processes of long-
tem river meendeging and  weter Sdeeodon, should bereveded,  which may be broken
duingnevwaer tides  Tharnmentenance  shoudbecondudted

B4. After each water tide pessege river beds aeto be s ydamdicdly deen e of stones ad
rocks on theriverd de populaed aress to incresse water condudtivity of theriver bed

B5. Contrd ggphs of emargacy erptying duing the pessge o wae tide ae to be
congructed for some resavairs to prevant the intendfiction of the tide , pessing on the
riverand toprovidenoredfedive  accumuldion  of tidd water  asaresult of enyatying;

B6. Timdy erply ing of resavars , located ner  the epioatre of an  eathqueke  should be
provided , Snce thefirg shock ey befdlowedbynev  grong tramors,

B7. Peiodic and Saionay oosavation d newok shoud becested  onthelakes fomed in
river gorges as a result of blodking rivers by rocks and landdides causad by sdsric

phenomeng, becausethislakes are presanting patentidly dangerous objedts,

B8. Thec adoguedf categtrophic weter tides and angp of catastrophic weter tide danger ousity
aetobeworkedout .

C  Waysd rdilling water resources . Toavoid expected shartage of water resources during the
droughty nonths, the possibility should be expanded for ~ the incresse of weter resources
us ng the doud seding methods, goplied to Spedific naturd condiitions of the region . To
achiev ethis god thefdloning messuring should be conducted:

CL To r ecomrence in Esgen Gerga ressarch ad opadiond works  on predpitation
enhancemat by doud ssxding. Pradtice hes shown that in the besins of River loi and

Leke Paavani itispossbleto  incesse thesssond auns of  predpitdion  in the warm
peaiod by10-15% andthesubssuatriver  runoff by thesarevdue

Q. Cloud se=ding could bedso conducted in the cold period of theyeer onthe foredless south
esgen highland, snow-abundant coegtd mountains and in the regions of high sow-
avdandhe dangaousty.  Thiswill cause the redigribution of snow cover in the form of
avdandhes and soring of gregt valumes of snow in gorges. Asaresult of thisthelosses of
oW on evaporation will decreese, that could pralong the mdting of snow cover by 2-4
nonths and intendfy the noisture condensation processes. This will result in the increese
of river runoff by 10-15%in thehat periods of summer ;

C3. The water resources got as a result of floods and doud sesdng, ae to be timdy
accumdaedinresavairs thar network should bewidened by congtructing new ones.

Pat of ind cated messures of atifidd incresse of river runoff and its saving, ha s bemn
introduosd in pradtios, pat is & the Stage of ressarch, but the presant levd of thar utilizetion
ad ressach is quite unstidadtory . Moreover , it can be sd, tha they are complady
suspanded dueto exiging econamic difficuities.

Eoconoric devd opment of the country nesds renend and intendfictio n of theresearch
adivities d@mingthe improvement of messres  for theinoreese saving  and pratection of weter
resouroes as a vitd source of water supply and hydropower genadion . To achieve thisdm

firg of dl it is necessary to aede agpedd testing ground where exparimentd fidd study will
becariedout . Onthebesisof adegp andydsdf datained dataa pafedt sdentific besiswill be
aegad for technicd and econonric grounding of messures direted towards saving, protection
and atifidd increese of weter resources.

To conduct indicated edtivities it is necessary to aede an gopropride sysemof dae
bodies, which will acconplish sdetific, praticd and oparationd  adivities of saving,
protection and increese of weter resources.

8.3. THE BLACK SEA COASTAL ZONE

To avoid or nitigate posible heavy conssquences of vulnerdhility caused by the dnange of
dimete in the coedd zone of Gergia it is necessaty to aregte adgptation programme far its
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infragtructure in nearest future Thebedisfor such a programme should be a schare of divison of the
coedt into digricts acoording to types of vulnerdality (Fg. 7.4.1). The mogt widdy covered kind of
vungdility in this scheme is the deresse of effidency of hedthrresort and tourigt complexes due to

the shortening of a recredtiond seeson gpproximetdy by 10 days. Hedthresort and tourist industry of
Georgian coedline will lose annudly 7% (60 million USD) of its income annudly due to this type of
vunerdhility. Messures of avaiding thislossinply intendfication of loeding on exigting complexes and
congrudtion of new hedthrresarts The firg of themis ecdogicadly unecogateble, since recregtiond
conplexes of Georgiaare fundioning & full loeding and ther further intendification will meke the saa
usdess due to its contamination. Congrudion of new hedthrresarts is possible in those digrids of
northern and southen parts of the coegt, where ecdlogicdly deen , free aess ae avdldde ( Kindgi,
Gartiad and  Shekvetili). Congtrudtion of such hedlthrresorts will cost gpproximetdy 300 million USD

a recant merket prices and if this messure of adgptation will be neglected the lass by the year 2030 will

reech 1.8 hillion UD.

The next widdy expanded type of vulnerahility is washing down and flooding of the coedtline
to avod of which it is necessay to cary out atifidd ref illing ad ranfordng by conaee
congrudions. These messures are expeddly necessary to be condudted on Rati, MdtakiaSupsg,
Chekvi-Makhinjauri, and Batumi-Adia coedtlines, sncethis type of vunerahility is particulaly heavy
here

A gpedd subprogranmre of adgptation and mitigation should beworked out for Rioni ddtaand
the mouth of theriver Supsa The dty of Rati and its port with its umand are within the firg digridt,
represatingthemeinpotof T RACECA adits wide expandontothesharesafthe R.Roni isplanned
infuture

Dikes pratetting this area from flooding have log thar dfidency due to thar age ad
doformetion and lovering . That iswhy under current eudtatic condit ions noderniztion and cregtion of
an effedtive monitoring system are necessary thet will cost goproximetdy 40 nillion USD. Gthawise
theloss3times  exceing theprgedt  cogt and humen degths are expected.

Spzaal tenrind withitsinfragructurewill a0 gopear under the danger, for the protetion of
which condruction of d  ikes of goproximetdy 3 million UD in vadue is necessary. Without these
messures the loss will exossd 20 million USD, aocompenied by  exdogicd lossresuted  from pouring
out of al .

Findly, for efedtive acconplishmant of the programe for the adgptation of the coedline of
Gaorgia  to the consaguences of antidipeted dimete change 600 nillion USD will be necessary, plus
gopraximedy 10 nillion UD to aede sdetific ad working verdons and fragments of the
progranmeand operative consuitetion S.

Neglettion of the acconplismat o th is prget will have vay heavy conssquences for
Gaorgan population, ocoedd infrastructure and naturd  environment . The loss is evduaed
gpraximedy  in 4hillionUD, humendegth s and subdtartid mord loss Thardfore acconplishat of
the adgptation prograne of the coedtd zonehas avitd inportancefor thewhde courtry.

8.4. NATURAL ECOSYSTEMS

dimate dhange will go fagter then the adgptation paiod of ecosysteTs to new ecdogicd
evironment. S, conjlete degraddion of exigting ecosysens will ooowr. Econamic damege will be
quitesubgtantid.  Stuetionwill worsen for fodder fidds, forest will becorerare

Mitigation messures for ay kind of dimete chenge will be seeding of fodder grasses
(leguminous plants, caredls) of high nutritive vaue in neturd mesdons. While sesding, a mixture of
ogedsand leguminiumplantswith the proportion 1:1 or 1:2 should be usad. Inthefidds of aforest bdt
(hay-fidds and pedtures) the faloning grasses should be sesded: Trifdium praiensis, Hibride Qover,
Pileum praense, Poa praends In Alpine meedows spedes of Agrodis Festuca oving, Trifdium

repens, Latus, eic. should be seeded.

Aress of pestures should be decressed and replacad by well meintained hay-fidds Hay-nmowing
should be conducted twice a year. Conddearaile atertion should be pa id to the aretion of cultivated
pestures udng fodder crops.
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In Gerga thaewes atradtion of wateing  grass lands during droughty pei ods (the ssoond
hdf of plant vepaationd peiodisinplied). Asaresut of these meeaures, incresse of the productivi ty
of dpine pedures and subdantid groath of grassyidd (2-4 times) are possible Much better effect will
be dtained if both organic and minerd fertilizers (kegping to ecdlogicd norme) would beintroduced in
neturd grassfidds

Introdudtion of fetilizas  is necessary, aswal, in cultivated fodder fidds Systedic seeding of
paamind aopsis  do necesssay  hae aswdl as  frequent hay mowing of unegtabl e grasses and weads

The line of an uppe limt of foret rgoresating ane of the meEn buffer  zones againgt
avdandhes, mud-drears ad for the pratetion of  water resources should be dedared as a gridly
regvedtaritory.

Degraded ecosystars should be renewed, thet nesds the condudti onof bio-enginesring adtivities
on eoded dopes. Recondruction should be carried aut by means of renduraion of vegetetion,
dhaeradeigic only for thisecosysem S.

Concaming desatification, the fdlowing messures should be caried aut: on lori Highad ,
evaywhere, where thare is the possibility of underground weter utilization, cesises should be created
and farming ativities should be established.

Irrigetion of winter pestures should be conducted kegping to dl meesures, thet exdudes ol
dingtion . Artifidd (cultivated) hay-fid dsand pestures should be crested aswell s forest dhelte-bdts

Sacoadlineismenly ahedth-resort aea Consquattly  forest-parks should bearanged here
usngremarkddelocd  kindsdf  tress, paticulaly Finus pithyusa, which sucoessfully grows on sandy
and pebly vegetati onHfree suibsiratumand oooupi es coedtdl aress, weshed by thesea

8.4.1. ADAPTATION STRATEGY FOR GEORGIAN FORESTS

Thisgrategy should be besad onthefdlowing mein prindples

1) CQCedionof fores ecosydem S nonitaing  sysem  with the am of assessmant of plant and
phytocenoses resi sance to expected dimete change

2) Inthis connedtion, stlandard portions of forests should be sparaed in differat parts of
Gaorgiafor thefallowing fegures
d Geadicdvasty ;
b) Highendariclevd
0 Sentivity ;
d) Sal-pratedting and weter-regulating fundions;
6 Rexediond importance

3 Consavadioningtuand ex Situ of gpedes bang under espedidly high danger.

4) Reveding of gendtic resources of drought-resiting trees and shrubs for thar futhe usein
sdetion.

5 Béboraion of reforetation and forest -groning prgeds

6) Reforetation attivities shoud be caried out firg of dl inthevidnity of indugtrid centres,
where anthropogenic arissonsintheamosphareaeepeddly subdantid . At presart, two
prgeds h ave been worked out & the Netiond Qimete Reseerch Gantre conddaing the
recondruction of Thilis dendrdog  icd pak add  aforestaion of the aress located neer the
capitd onthetaritory of Ksani foredtry area

7) CQedion of regond soenaios of the inpat of expected dimate diange upon forest
eosydes
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9. SCIENTIFIC RESEARCH AND
SYSTEMATIC OBSERVATIONS

Systarstic obsavations on meteorologicd damantsin
Geaorgiagarted in 1844 dong with the foundation of Magnetic
— Meexrdogicd Chsavaory in Thilis. Snce 1867 it wes
trandformed into the Main Pryscd Chsavaory of Caucasus
and geophyscd  absavations, caried out over the whde
territory of the indicated Region were conducted under its
guidance By the ed of the 19th oetury, over 70
meteoraogicd gations were dreedy operding in Georgia On

the beds of thdr obsavaiond dda some nonographs,
devated to the invettigation of dinete of Georgia were published by the beginning of the 20th
century. The data of meteordlogicd oosavations caried out in Georgia were regulaly sat to
Potsdam Cbsarvatary urttil the First World War and were published in correspondi ng reference-books
By the 70-s of the current century Georgian Hydrometeorol ogicd Sarvice conarised up to 240
meteorologicd gations and podts, rather comprehensivdy reflecting the meteordlogicd regime of the
oountry’s taritory from the sealevd up to 3650m ( 4. Kazbeg — high mountain). Chservaions on
douds and precipitati on were conducted by means of the network of meteorol ogical radars, located &
the arports and over the aress pratected by the Hal-Suppresson Savice Snce the disintegration of
the Soviet Union cosavations were sugpended & nost meteorologicd dtdions, but & presant 60
meteordogicd gaions and podts are fundtioning a the Georgian Department of Hydrometeorol ogy
dongwithameteordogicd reder located a Thilid arport.
Sncethe 50-s of the current cantury considerabl e attention wes paid to theresserch of dimete

of Georga and its change using recat daa of maeordogicd obsavdions A nunber of
investigations were carried out on the problem Obtained resits are reflected in severd monogrgphs
published in 1961-1992[2,3,8,12].

At presart problars of the dimete of Georgiaand its change are sudied in severd acadanic
and dgpatmentd centres

Reszarch in the fidd of mentioned problens is caried out treditiondly a the Indtitute of
Hydrometeorology of the Georgian Acedamy of Sdences. Snce the 50-s of our cantury  a group of
sdatigs has been s&t up here, the sdiatific interests of which covered bath dimetdogy itsdf and a
number of rdevat fidds (  agrdogy, agicuturd meteordogy, redidion investigations, amospheric
pred pitation, wind, dangerous meteorologica phenomeng, etc.). Charadteridtic festures of dimete and
its change have been studied nat only over the tarritory of Georgia, but over thewhde Transcaucasia
Abaout 40 monographs and over 100 valumes of transactions have bean published as aresult of these
adivities, contributing substantidly to recert investigations in the fidd of dinmete change: At presant
theAtlasof dimeticand ~ agrodimetic resources of Georgiais being prepered a the Indtitute

Condderadle traditions in dimete research hes d <o the Indtitute of Geogrgphy of Georgian
Acadary of Sdences During the lagt helf a century a number of origind idess connected with the
problem of dimete change have bean proposad and worked out here: Atlases, sdianttific pgpers and
sgparate nonogrgphs of great sdatific vaue have bean published. An energy — bdance modd of
dimetechangeisbang daborated a presat & thelndiitute 1t will sarveasabesisfor dimete change
projedtions, considering impedts of vaious anthropogenic adimixtures in the anosphere over the

Region.

Investigdions of dimnetic resourcss of Georgian resorts were carried out & the Indtitute of
Hedth-Resort and Physiathergpy of the Minigry of Hedth. Microdimetic conditions of separae
resorts have been studied, recommenddions for ther rationd use were worked out. Over 20 volumes
of sdertific pgpers and some nonogrgphs have bean published, arong them — “ Qimetogrgphy o
Georgian Resorts’ (1980) and the* Atles of Georgian resorts and resort resources’ (1989).

Invegtigation of gpedific factors dipulating dimete change are conducted & the Indtitute of
Geophysics of the Georgian Acaday of Sdences as wdl. During the years, the Indtitute carries out
resserch in the fidd of anospheric aarosols, that will play an inportant role in solving the problens,
connected with greenhouse effect.
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A number of problems of modding amospheric processes connected with dinete change are
bang worked out a sone departments of Thilis Sate Univerity.

Invedigdions & the Naiond Qdimase Ressach Catre of the Depatmet of
Hydromgteordogy are conducted in the framemork of the Nationd dimete Change Pogame
goproved by the Presdent of Georgia These adtivities darted in 1996 and were put Snce 1997 as a
bess for the project GEQ/99/G3L. While preparing  the Nationd GCommunication, a number of
pecuiaities of  dimete change over Georgian territory have been sudied on the besis of Nationd
Progarme Appropriate theordticd  adtivities have been conducted as wdl. Main results of the
resserch caried out & the Centre are regularly published in gpedid Bulletinsin Georgian and English
langueges

Snmeay of theoreticd work recantly conducted & the Nationd dimete Research Cantreis
presanted bd ow.

In paper [10], dimete globa warming and greenhouse effet have been consdared firgt as a
nonlinear problem of amospheric thermd condudtivity, when in the Eath's amosphae as in a
physicd sysem, nonlinear thermdl sources, induoad by anthropogenic factars are adting. It has ben
denongrated thet greenhouse effect — the globd phenomenon of the atnosphere, should represant an
organized sructurelimited in gpace and time on the bed<ground of stochedtic processes - reult of the
adions of nonlinear therdl anthropogenic sourcess in the ainosphere While medting . Rigozhin's
four necessary conditions, it will presarveitsindividud fegtures for acertain time period in the same
way as they ae kept by other organized phenomena of the atmosphere (cydones and anticyd ones,
fronts, douds of varioustypes, €c.).

It hes been damondrated thet the devd opmant in time of dimete warning or codling should
be proossded on the badkground of two opposite coopardive processes. Frgt of them dipulates the
increese of greenhouse effect intime ( radiative gases) and the ssoond oneprevertsit and causssthe
deorese of gremhouse effect (1 anthropogenic aerosdls, anosphaic naturd inpeding fadtors -
advedtion, absorption, digpersion), to which the factor of radiaive ges anmosphaic concantraion
decrease should be added, tipulated by messures of internationd contral.

The obtained andyticd nonlinear solutions sinply reved the mein features of greanhouse
effect: courseintimeof warming or codling and heet locdizetionin alinrited areaof space

It has bean shown theordticdly that glabd dimete warning, procesding & presant in the
anmogphare isinitsinitid phese and therefore in theoreticd condderadions we mey be limited by
sl timeintervas, essly deriving andytica formulaewhich describewd | the regularities of recant
dimete warming (codling) lineer dependence on time. The obtained results dso denondrae thet
when a acatan height the dendity of greenhouse gases exceads the dendity of agrosdls, the process of
dimetic warning takes place in the anosphere, atherwise the codling will be developed and in case
of ther equdity the average dindic tenperature will nat change in time Quentitetive andyd's of
obtained nonlinear solutions demondrates that globd dinmetic warming should devdop in future
acoording to thefallowing scenaio.

Until thetime, when theinpact of hest inflow source, arested as aresult of inmpect of redidive
gasss upon the tamperature fid d will excead the action of heat 1ass source, induced by anthropogenic
agro0ls and naturd retarding factors, globd warniing process will continue in the atmosphere. It will
last until thetimewhen these two opposite processes will bal ance eech other and warming processwill
reech a catan mexinum vdue Snce daadeaidic paargeas of hed loss source are de to
accunulate in timg, ther adion, having excesded the effet of heat inflov  source will induce
decresse Of average dimetic tamperature and its gradud trander to a new Sationary date will gat.

The prooess procssding up to the meximummey be cdled “globd warning” and dter the maximum-—
“globd coding’. Conventiondity of these two processesis causad by the fat that energeticlevd of
the a@mosphere in a new ddionary dae will be higher then the enargdtic levd, exiging a the
beginning of waring (average content of greanhouse gases and agrosals will be more & the end of
greanhouse effect then & the beginning of warming), thet in prindplejudtifiesagenard title* dindtic
warming of the amosphere’. By theordlicd assessmant rdaxation time of  dinmete warnming duration
oovers goproximetdy 30-40 years. However, subdtantid decresse of thistimeintervd will be possible
if attions will be conducted & the internetiond leve, a@med a the abatement of greenhouse ges
armissons in the amogphere Presanted andyticd results and abtained exact nonlinear solutions will
be usadin futureto cresteagenerd numericd modd of dimetewarning.
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Sdidicd andyds of trends of dhange of dindtic ar terpearaurein the paiod of 1906-199%5
hes reved ed theregul ity of dimete codling in Western Georgiaand itswarming in Esgtern Georgia

To interpret indicated codling process, permenent thermd and advetion dynanic sources,
charatteidic for Western Georgia have been found, time periodidty of whichisby order of year and
the horizontd and veticd scdes of dosed dradaion meke about 200-300 km and 34 km
respectivdy. It has been shown that indicated drauldion hes a monsoon neture and it is caused by
iregular warming of the Black Ssaand Kakhida LoMand during the year. This drcudion, which
does nat exis in Eagtern Georgia, should be ipulated by the influence of two parmenant hedting
mechenigrs, ading in Western Georgia. The hegter in summer should be Kakhida LoMand and the
refrigerator —the Black Sea. In winter the pettern is oppodite Subdtitution of indicated sources over
KadkhidaLoMand resuitsin tamperature change during the yeer.

Exigenceof  anthropogenic layer in high layers of troposphere actudly tipulates bresking of
radigion bdance in the amogphere and occurrence of greanhouse dfedt. We have theordicdly
daborated phydcd mechaniam of the aregtion of this layer conddeing mein fadtors of free
anogphee |In paticdla, it hes ben demondraed that western sessond winds dominding a

indicated dtitudes, diffusve processes and advedtion and diffusive flows cause formdion of alayer
gructure of sl admixtures (greenhouse geses, agrasols) at indicated dtitudes with concertration
meximumat acartain heght.

Further generdiization of obtained theoreticd results and deriving on their beses of important
cond usions concerning the action of sdl adnrixtures in the atnmosphere represants the subject of our
future research.
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10. EDUCATION AND PUBLIC
AWARENESS

Rsng of the interest to the probdles of dimete
change in Georgia began Snce 1996 dong with the gating
of the exeaution of the Nationd Programme in this fidd.

Rublic wes manly  informed  through the  adtivities of the
Nationd dimete Research Cartre by peiodic press, radio

and tdevison, enphadzing gobd nature of these prodes

and thar importancefor Georgian conditions.

Espaddly intensivdy the indicated adivity Wes
oconduded  dter the adivation of the Rrgjet GEO/9G/G3L
To intendgify the pubic interest to dimete dhenge prodem
the M anege ment Team  of the prget published over 20
atides during the 1997-1998 yeer peariod in vaiousjournds
and nengpgpa's, which wereintended bath for awide range of reeders adthe gatificdrdes aswdl .
Upto 10 spedd TV programmes have been broedcast e, givingthe explama tionof theproblemand  its
impatance  for thefutreadtivity of  menkind . After eech workshap, hdd ude the Rrgjet, wide press:
conferences were aranged for mess-media rqpresantdives, where leeding spedidids of the Minigry of
Ervironmant, prget menbars  and fordgn guest s widdy covared  sgparate epedts of dinete dhange
prodemand enphed zed their importance

Espaddly subgantid roe hes bemn given to the Bulldin of the Nationd Cinmete Ressarch
Cattre in digribution of informetion dedling with the problem Its firg issues were dedicated to the
review of those adivities, which were conducted in devdop ed countries of the warld to fulfil | the
conmitmatsunder the UN Framework Convertion on Qlimete Change: The next issues presanted the
resdts of invedigations  carried out in the framework of the Nationd Qimete Change Programme and
the Rged, vaious informetion concaming the projedt fulfillment, giving the possibility to inform
reedars on the prabdlem 2t before the prgject and those wide gppartunities which expose before the
courtry dong with partidpetion inthe adtivity, envisaged by the Framenork Gonvation—in paticuar,
subdatid dtetionwes  ped totheandydsof such mechenigrsdf  internationd coopardionas“Join - t
Inplemantation” and “ Aean Devd opmant Mechanian’, prospects of their use for the rehdhlitation of
Georgian econonry. Thebulleinwaswiddy digributed in Georgiaand aoroad , asswdl.

The Manege mat Teeam o the Prged pad ged ateation to araging ledures ad
prestationson C  limate Change  problema various medtings and orgeniztions .In paticda, over 20
pepers have bean presated, anong them a the conference, devoted to enargy dfidency proders
organized by TAAS a the Nationd Conference on the Bladk Sea problens, arganized by a non
governmeantd “ Caucedan House', & the joint meding of the Committess on Sdod  economy ad
Environmentd pratedtiondf the Georgian Paliamatt, & vaious medting s, organize d by “ Moverat of
Frens’ of Gargia a the pedd workshop, hdd & Kespi Cament Rat, &c .

Partid pants of the prgject took part a theinternationd evet “ dingte Tran’, whichwas hdd
inNovarbe, 1997  before the COP-3 Kyato Sssdon.

Takinginto account thescdeof  Clingte Changeproblemand  aning  to provide paticpetion
of Georgiain future adtivity in this fidd, the prgject Manege ment Team  initiated a gpedd Training
Catre 0 n ewironmentd mensgamat & Thilig State Univarsty in 1998, which will train highly
qudified speddids in sparate diredtions, connected with the fulfillment of Framanvork Convertion —
methendticd modding of economy devd opmat, proetion of  grehouse  ges a@rission s, draegy of
dimete dhange itigation, methodol ogy of adgptation, etc. Sydeardic traning courseswill bearanged,
aswdl a the Tranng C  ereto rie the avaaess on Climete Change of speddids working in
various branches of econony.

In fulre in connedt ion with the aredtion of the  UNFOOC  Naiond Agency, dl aove
mentioned  public avareness raisng adivities will be concertrate d in this organiztion, which will
pavise gpropride . work  and will intensfy and degoen it by means of coopeardion with rdevart
internetiond organiztions
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11. INTERNATIONAL
COOPERATION

Duing the prepardion of the Nationd Conmunication,
Nationd dinete Research Gantre established dose contracts with
UNFOOC Saxdaiad ad such inteandiond organizations as
UNDP, UNEP, WB, EBRD, GEF, ICA, IIEC, with represantdives
of J/AIJ Rrogranmes of various countries.

The men pupoe of thee contads dong with the
prepardion of the Nationd Communicaion, is to continue without
dday, adivitiesin the directions of the fulfillment of commitmentsto
the Convention and attraction of invetmentsto cary out the projedts

amed & the abetamant of grenhouse ges amssions
Contacts with the UNFOCC Saretariat were vary inportant since the gating pairt, as the
Srdaia wes providing us regualy with nogt inportant informetion and docuentaion on the
aurrent processes. These contacts have bean much intendified sSince the redection of Mr. T.Garighili,
UNFOCOC Nationd Focd Roint in Georgig, as ameaber and the Vice-Rresdant of the Bureau of COP.
Gaorgiais adively partidpeting in the process of preperation of new proposds and their working out &
the megtings of the Bureau, & the Conferences and various assarhlies The adtivity, conducted by the
courtry in this direction, is reflected in full in gppropriate reports, offidad documents and Bullding,
published by the Seordaid. Reresartatives from Georgia named by our Governmant, have ben
gopointed as expats by the Seordaia and they take an adtive pat in the process of discussion of
Nationd Communications of vaious devdoping ocountries. Under the recommendation of  the
Srdaia, agpedd WEB-pege has been prepared for Georgia, wherethe adtivities, baing conducted in
the country within the UNFOOC and short desriptions is presanted of those projects, which are a@med
a the pronotion of sustaneble devd opment and are nesding the investments
The suffideant contacts have been established with the Dutch Joint Inplementation Rogranme
Represantatives of this Programme vidted the Nationd dimete Research Gantre severd times, teking
pat in two workshops, hdd under the projedt. Negatidions are condudted with Canedian Joint
Inplarentation  Rrograne to prepare Marmorandum of Undergtanding on the cooperation betwean
Canedaand Georgiawithin the G een Devd opmant Medheniam
Svad progeds wae presnted to the United Sates Joint Inplementation Rogranme
Negatiations on one of them- “ The geothermd heet supply for Thilis” are being conducted with private
Armgicans invetars Gaorgia wes vidted by Mr. Kal Mitchdl (USAID Environmentd Pratedtion
Bureau), who assessed the Studion, arested in Gaorgig, reviened those patertid projedts in various
branches of economy and firgt of dl in energy production, which are connected with the mitigation of
dimete change process. The ligt of those messures and spedific projects, which have been sdected by
Mr. Mitchdl, is hoped to be gpproved & the end of 19909,
In the beginning of Novarber 1998, the meding with Mr. Raer Kdas, represntdive of the
World Bank, Maneger of the Progranme “Naiond Sraegy Sydeni’ wes hdd in Buenos Alires,
Argating & the4 ™ session of the QOP. On the besis of these negatiations, Georgiawill partidpetein
the World Bak  Rogranme “Naiond Sraegy Syden for deen Devdopmat Medhaniand'.
Acoording to this  Programme, the trends of the devdopmant of Georgian econonry and its vaious
settors should be studied and projections of expected greanhouse ges arissions from large enterprises
should be condudted. As aresult of this work the patentid of gresnhouse ges arisson decressg, its
impect upon the country’s econony, codt of the decresse of greanhouse gas arisson, methoddogy of
oatification and ather inportant problems will be solved. Thisis the investigation, which was not been
planned within thefirgt Nationd Communication.
At the same session of COP, rgresatdives of Internationd Co-gengrdtion Alliance and
Intemaiond Indtitute for Enargy Consarvation offered Georgia to partidpete (s a country with
eoonony in trangition) dong with the Philippines (s a devdaping country) in the joint prgect (in
enagy sdtar), theamof which is to gudy Cean Devd opment Mechani sm progpects and bendfits As
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the Prget menegers informed us, they took into account our ramerks and will soon presant arevisad
varson o the Argjet Docurment which will be put into adtion to get investmentsin case of governmentd
review and pasitive eva uation.

At the sessions of the Conference of Paties and & locd workshops, business medtings with
represntatives of European Bank for Recondiruction and Devdopmant are vay frequatt, espeddly
with speddigs of its Ervironmentd Departmatt.

Jose contat with regpresanttives of TAGS have ben established, epeddly with thos ewho
aeangeged in enargy production (reneweble energy resources and increese of energy dfidency). Under
the request of TAQS the rgpart of the Nationd Ainete Reseerch Gantre on the finendd mechenisTs
of the UNFOOC will be presented in Septerber 1999 & the workshop, aranged by TAQS for the
Gaorgan Paliamatt.

Espeddly inportant and fruitful maey be conddered the cooperation of Georgiawith GE-inthe
fidd of Aimete Change Prepardtion of the Initid Nationd Communication wes finenced by GE-
Reoatly  two projedts “ Renoving Barias to Energy Effidency in Munidpad Hegt and Hat Water
Spply in Georgid' (FDFB block) and “ Renoving Barias to the Devdgpmant of the Sdl Hydro
Power Sedtor for the Mitigation of Greanhouse Gas BEivissons in Georgid’ (PDFA block) have bemn
goproved.  Acoording to the results of these projets, pedific denondirati on projets will be dipulated.
Frg of dl, fulfillment of the projedts, sdected by this gproach, will be planned on the besis of Aeen
Devd opment Mecheniam In April 1999, the members of the Aimete Change Rrgjet took pat & the
GHG Invatary Intemetiond Workshopin Baku, where it wes planned to hald another workshop under
the “ Netiond Communications Support Prograne’ in Sqpterber 1999 in Thilis. The workshop will
be devated to the daboration of pdicy of gresnhouse ges aerission decresse and the madheniam of its
fufillment. This megting will be atended by the ddegdions from Azarbajan, Armenia Moldova,
Kazakhdan , UzZbekigan, etc. Gaorgiahas d ose contacts with these countries — foundetion of aRegiond
Catter is planned with Armenia and Azerbdjan to inport deen Techndogies in Transcaucasan
Regon, as wdl as the invedtigdtion of the patentid of renenadle enargy resources, avdlade in
Transcaucesa

Georgia adivdy patidpaes in the preparation of those proposds for GEF, which will assgt
thisfinendd mechaniamto become even nore adtive and effedtive for those countries, on the asssance
of which it is @mad. Qurrently, Georgiais working out proposds on the preparation of the Ssoond
Nationd Communication for nontAnnex 1 courtries. In particular, what subjetts are to be dressed in
the Ssoond Nationd Conmrunication, when the proposd ey be mede to get finendd assigance ad
what the optid time will be required for its preperation. Georgia used to teke an adtive part, dong
with ather countries; in these processes which ipulated dedsonmeking on the finendd suppart to
prepare Ssoond Nationd Conmruni cations for nortAnnex | countries.
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12. NATIONAL CLIMATE
CHANGE ACTION PLAN

(DRAFT)

Duing the process of inplemataion of the
naiond ocommunicdion, the baries prevating
nitigation of greenhouse ges evissons in Gaorgia and
rehatilitation and devd opment of the country’s econany,
have been didinguished, procesding from the “Ro
Resolution”, i.e conddaing prindples of sudandde
devdopment. To ramove these bariers and to fulfill the
courtry’'s conmritments to the Convertion, a drt of
Nationd dimete Change Adion Fan hes been worked
out, condging of threemeindiretions
1 Adgdion of the syders, wungade to dinge

chenge
2. Mitigdtion of greanhouse gas eSS 0N SOUrces,
3 Saepdicy.

12.1. ADAPTATION OF VULNERABLE SYSTEMS

As aresut of adivities conducted within the firgt nationd conmrunication, the sysens, nogt
vungrdde to dimate change in Georgia have been Sngled out and prgject of for ther adgptetion hes
ben daborated. Soanari os of expected dinete change have been considered, besad upon dinete change
trends, forecasted by IPCC and reveded as a resuit of atidicd processng of higaricdly exising
sies of terpaaure and predpitation obsavaions over the tatitay of Geargia As a resut of
ocondudted invedtigations, it hes been estadlished thet the nogt vunerable system is the Black Sea
coedling which has a draegic inportance for the rehelitaion of the country’s econony and
devdopmant of foréign trade Its rde will much incresse in future, Snce the growth of trangport
corridor, pesding through Georgia all pipdine capedty, fundioning of parts ad ail tenrinds in
optimd regimewill be gregtly depended upon the infrastructure of the coegtd zone Therefore, working
out of edgptation mesaures for the Bladk Saa coedtline and ther inlementation are considered to be
important for the country.

The mogt vuingrable region in the coedtline is the estuary of the River Roni, where one of the
mogt important ports of Georgig, dty of Rati is Stuated. For the adgptetion of this portion of the coestd
zone, the project has been worked out, aocording to which the falowing mein messures are planned:
atifidd fortification of this portion of the sea coedtling, refilling of beaches, recongtrudion of the
buldings of the pot of  Rati and generdly, thet of the infrastructure of the whole dty. The cogt of
carying out indicated meesures, acoording to praininary asssssment, mekes 600-700 million $US thet
is6-7timeslessthentheloss, expected by the year 2030.

The second inportant vulnerdble syslem in Gaorgia is agricuiture, where spedd atertion is
ped to whedt in Eagtern Gaorgig, though, during the last 2-3 years, processss rdated to the sharp
decregse of predipitation in this region and subdtantid rising of meen winter tarperaure thresten ather
agicdtud aops as wel to deoresse thar havest o diminate, & dl. Within the fird netiond
conmrunication it wes nat possible to prepare proet of adgptdion for agricuturg in paticda,
prepardion of aproject for the adgptation of wheet in Esgtern Georgia, ut it isto be consgidered one of
the modt inportart for thenext dage A prgect ontheuse of agricuturd westesto produce bioges ad
organicfatilizersisdso under condderation.

In goite of a auffident supply of water resources, gopropriate atention in the Adtion Hanis
bang peid to the prddlemof theincresse of the effidency of ther utilization. Particularly, congtrudtion
of water resavairs on a number of rivers is planned to increese the capedity of water Sorage and its
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further rationd usein agriculture and energy production. Introduction of modern technd ogies for weter
resouroes utilization and cregtion of surfacewater monitoring sysemis conddered, eswell.

12.2. MITIGATION OF GREENHOUSE GASEMISSION
SOURCES

At this gage, in Georgig, asin ather countries with economy in trandition, due'to rgpid dedine
of economy, the levd of gresnhouse ges @rissansis quite low, though, it is oatain that dong with the
revitdization of econany, gopropriate inoreese of arissions is expected. The vdue of inarease will
depend upon the Srategy of rehakilitation and devd opment of econoy and therate of these processes
Hencg themein prindpleinthefidd of greenhouse ges eission nitigation will betherestoration of the
econony and its further devd opment on the bedi's of the prind ples of sustainable devd opmant. Because
of thebresk-up of soddig prindples and trandtion to the prindples of merket economy, teking placea
presat in the country, aedion of new govaning drudures and infregrudures is necessaty,
repedtivdy. Indudry is not adtivated yet in Georgia energy produdtion is in aidgs Adudly,
forecagting of greenhouse ges emissons, expetted & presant Sage from various brandhes, is connected
with lats of conrplications and inecourades. Dueto this fadt, the Nationdl Adiion Han, ans to conduct
mein messures of greenhouse gas e sson nritigation in the setars wherergpid increese of greenhouse
ges emissionsis expected proossding fromthe pettern, obtained as aresult of greanhouse ges evisson
invertory conducted within theiinitid Netiond Commrunication. Resuits of invertory darondrated thet
in 1980-1990-es greathouse gas arission from enargy ssctor mede goproxinetdy 90% of the whale
arission from the taritory of Georgia Along with the fait that this sedtor wes largest amitter of
gresnhouse gasss in Georgig, its rehebiilitation and devd opment is considered to have the priarity inthe
courtry bath fromthe paint of view of further devd opment of its economy and the solution of sodd
prodeTs of the population. Consouantly, one of the cantrd placesin the dreft of the Nationd dinete
Change Adiion Han is cooupied judt by this sactar. Mgarity of projedtsis aimed on the rehahilitation
and devdopmant of this sedtor aooording to prindples of sudangble devdopment. Ligt of those
proeds adivaion of which is planned during 1999-2001 in energy production sedtar, is presanted
bdow. In case of theimplamentation of these prgjectsin thewhole cgpadity, thet requires gopraximetdy
POnmillionUD, decressecof QO , emissoninto theanogphereby 22.3 milliontonswill bepossible

SMALL HYDRO-ENERGETICS

Aacoording to the data, obtained as a result of acadaric invettigaions, corresponding hydro-
pone patentid of sl hydro-dectric plants mekes goproximetdy 10 hillion KWh, while, according to
vari ous assessrents, econoicaly efedtive patentid isabout 5-6 billion Kwh.

1. Removing barriers to develop small hydro energy sector for the mitigation of greenhouse gas
emission in Georgia;

2 PRget of STOR hydropower plart. Decresse of QO » evisson duing the whde peiod of the
hydro-power plant operation (25years) mekes 730 thousand tons, goproxi mete arount of necessary
investments equasto 8.4 illion USS.

3. Project of Misaktsieli hydro-power plant rehabilitation. Decesse of QO , a@risson during the
whde paiod of hydro power plat operation (25 years) is edimated to be 506 thousand tons,
gpproximetearount of necessary investments mekes 2.3 million USS.

4. Project of Intsoba hydro power plant rehabilitation. Dexease of GO, arission during thewhdle

peiod of hydro-power plant operation (25 years) mekes 160 thousand tans, gpproximete amournt of
investmentsis 850 thousand USh.
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5. Project of Abasha hydro power plant rehabilitation. Dedeeseof GO, arisson during thewhole
paiod of hydropove plat opadion (25 years) is 247 thousand tons, required goproxinete
amount of investments mekes 1 million USS,

6. Project of Martkopi hydro power plant rehabilitation. Decresseof GO, during thewhole peiod
of theplant operation (25 years) is 140 thousand tons, nesded investments meke goproximetdy 750
thousand USS,

GEOTHERMAL HOT WATER SUPPLY
Quiput of low minerdization geothermd weters of 50-110 °Cis estimeted as 220-250 rrillion
aubic metars amnudly, and the areacocupied by thesewatersis 32%0 of the country’staritory.

1 Project of Thilisi geothermal hot water supply. Deaessedf GO, arisson during thewhde period
o the prgeat fundtioning (25years) is edimated by 4.5 million tons, goproxinmete amount of
investmentsis 30.8 rllion USS.

2 Project of Zugdidi geothermal heat supply. Deresse of GO, arission is by 2.3 million tons
during thewhdle peariod of the prgject fundtioning (25 years), goproximete amount. of investments
mekes 15 nillion USH,

3. Project of the Hippodrome district geothermal hot water supply. Deceese of GO  , arisson is
egtimeted by 350 thousand tons during the whdle period (25 years) of the project fundtioning,
gpproximete of required i nvestments mekes 860 thousand USS.

WIND POWER

" Karenergo" — the project of wind power plant. Decesseof GO, during thewhde period of
the prgedt fundioning (25 years) will be 825 thousand tons, goproxinmete invesmant anourt is 5
million USH,

SOLAR ENERGY

Gaorga hes a subdatid patatid for the use of sdlar energy. Acoarding to acedanic
investigations, utilization of 30% of this potatid will mekeit possbleto prevert burning of gbout 1.5
nilliontons of convertiond fud andto decreese GO 2 eisson goproximetdy by 24-30milliontons

Batumi heat supply with solar energy. Deaeasedf GO, during thewhde period of the project
fundtioning (30 years) is edimated by 12 million tons, goproximete investment anmount mekes 21.8
million USH,

INCREASE OF ENERGY EFFICIENCY

Removing Barriers to Energy Efficiency in Municipal Heat and Hot Water Supply in
Georgia. The prgett dnrs aredion of those mein denondtrating or pilat prgjects, for which atraction
of investments should be carried out in this phase of investigetion. UNDR'GEF Governmant of Georgia
Cogt - 211 thousand USh.

TRANSPORTATION

Sibgantid placein energy sector is oooupied by atrangportation sub-sector, the share of which
intotd emission mekes gpproximetdy 10% 1n 1992-1994 number of notor trangport sharply decressed
in Gaorgia Stuation has dnanged Snce 1996, when intendve process of inporting sscond hand cars
dated, resiting in the aedtion of daming fromthe environmantd paint of view studion. It has been
worsened by the fdlowing dracumgtances (1) Exigting motor trangport depat becae out of date (2)
Extrardy dedined the queity of notor highways due to the ladk of funds, as a reslt of which
noveret of the trangoort became dow, consumtion of the fud and greenhouse ges arission
incressd, regpedtivdy; (3) Due to the low qudity of consumed pard and other types of fud,
consuption of fud and greanhouse ges arisson per a unit of fud incressad, respedtivdy; (4)
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Infragtructure of trangportation sarvice hes been compledy destroyed; (5) Incresse of cargo turnover

through the EuropeCaucaaus:Ada Trangportation Carridor hes overloeded exigting highweays, the
cpedty of which hes been rameined pradticdly unchenged. Acoording to the presat Sitution,
condudtion of thefalowing adtivities planned aiming the decresse of gremhouse ges avissons
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Deorease of greanhouse gas a@visson by means of harmonic deved opment of trangportation types;
Renovation of notor trangport depat;

Qedion of the sysem of assessmant and nonitaring of the exhaudts from notor trangport, anong
themgreenhouseges amissions

Deve opmant of notor highways, espedidly their rehatilitation and modernizetion;

Inprovemant of the systemof technica contrd of the fundtioning of motor trangport engines;
Formetion of thebedisfor legidative sandards, detemining greenhousegas evissonsinavidion;
Provison of Seaportswith necessary modern eoui pmant for ecdlogicd suparvison over greenhouse
gesarissons

Traning of the Seff;

Deve opmant of ecdlogicadly deen, pessanger and fraight autometed pedd means of trangportation
(cablecas cableand ralwey cars, monoral trangpartation, tralleybuses, o).

INDUSTRY
Astotheindudrid sector, arisson fromit wes nat too high and a this gage only the project

on the equipment of Kespi Camert Hant with dedtric filters is planned. Honvever, dong with the
rehabilitation of the indugtrid sactor, incresse of @risson is expetted from such large etaprisss as
Zestgponi Faradloy Rat, Rustavi Medlurgicd Rart. Preparaion of prgjedts, mitigating greenhouse
ges arisson from these enterprises is planned during the process of the inplementation of Ssoond
Nationd Conmmrunication, hoping thet by thistime these enterpriseswill beadtivated & mog.

Project on energy efficiency increase in Kaspi Cement Plant. Decesse of GO, arisson

during thewhde period of project operation (25 years) is estimeted by 230 thousand tans, goproximete
amount of investments mekes 1 million USS.

FORESTRY
Aacoording to the presant Situdtion in this sactor (weekening of forest menegemant sysemdueto

the lak of finandd resources, intendve illegd autting of forests tendency of the incresse for the
process of uncontrolled expart of tinber), thefdlowing adtivities are planned, respedtively:
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Rresavaion of exiging foregts;

Sipulaion of theregenerdion of neturd forests

Growing of new plantations of tress,

Sowing doawn of theprocess of illegd cuttting down of forests and limriting of wood expart;
Sheaing of the exparience of ather countries in the menegameant of foret and introduction of
contenporary methodsin forestry.

Project on Thilisi dendrologycal park restoration. Ssquestration of GO, during the whdle period
o the proet fundioning (50 years) is egimeted by 90 thousand tons, gaproximete amount of
required i nvestments mekes 230 thousand USS,

Project on reforestation of Kaspi district. Ssouedration of GO, for the whdle paiod of prgedt
fundtioning (50 years) is egtimeted by 98 thousand tons, goproxinete amourt of the investment
required i s 350 thousand USS,

Project on aforestation of the " Red Bridge" environs. Ssquedrdionof GO, for thewhde peiod
o the prgjet (50 years) is edimeted by 75 thousand tons, goproximete arount of required
investmants mekes 250 thousand USS,
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4. Project on " Nabadkhevi" forest rehabilitation. Sequedtraion of GO, for thewhde paiod of the
project fundioning (50 years) is egimeted by 85 thousand tons, anount of invesment funds is
approximetely 270 thousand USS.

LIST OF TECHNOLOG ES REQUIRED FOR THE GONDUCTION OF
MITIGATION POLICY

1 Approximetecodt of dedricfilters, necessary for the Kegpi oamant Hant and their import - 500
thousand USS,

2 Bedric and mathanic equipmant for svdl hydro-and wind power plants (turbines, generdars, €c.)
- goproximetely 11 million USS.

12.3. STATE POLICY

The date pdicy is one of the mein condtituents of the Adtion Han, which areates the bases for
the netiond drategy for the deve opment and environmentd protection, the mein purpose of whichisto
provide theformretion of the pdlicy of sugtanabledevd opmant of Georgiaand itsinlemanttion.

The conduction of greanhouse ges arisson nitigaion adtivities and messures directed to the
adgptation of vulnerdble systars will be possible only in case of theright Sate pdicy. Thisinpliesthet
the process of resaration and devdopmant of the econonmy should be besed upon the prindple of
sudtaneble deve opmant, according to which solution of econarmic, environmentd protection and sodd
proders should be carried out integrdly. The Adion Han arrs teking a number of ggpsin the Sate
pdicy, dreted towards the implemantation the country’s commitments to the UNFOOC and the Kyoto
Protood and themeximumuse of internationd asssance
1 Cegioninthecountry of thosesructures, whichwill bediredtly regponsblefor theinplementaion

of the UNFOOC prindples indde the country and protect the country’s interests, while adopting
dedsonsonintametiona prooesses

On the background of presat fruitfu rdaion of Georgia with other countries, the
prodemaisss, aress that this palicy should have an adeguiate continuation inside the courtry. Vay
important isto determinewha kind of policy weshdl carry out in the country, replying to goodwill
of internetiond organi zations, just now , When Georgia has bean unanimoudy acknom edged by the
Coundl of BEurope as its full maner. Though somehow lae but the adtions have ben dready
dated in this direction. Formetion under the President of Georgia, of nonbudgdary sructures,
implemanting thegate pdlicy, will bethefirg subgtantid sep medeinthisdirection.

Taking into aooount the experience of ather countries, the problem arose for the credtion a
sructurd unit, cgpeleto coordinete adtivities, condudted in respective governmeantd bodiesinthe
context of dimete chenge.and to avaid the bureaucratic barriers. w

2. Adoptionof legddiveads favoradlefor abovementioned processes

21 Thedrdt for eadng taxes has been prepared and presanted to the Padiamant for those prgjedts,
theamaf whichismeximumutilizetion of renewebleenargy resourossin Georgig,

22, Thedrdt is bang prepared on the essing of taxes on those prgjects that will be inplemanted
within the dean Devdopmeant Mecheniam and will gipuae sugtaindble devdopment of the
country’s econony;,

3. Rdngof publicanvareness

31 Isslingof quately Buletinson UNFOCCinmplementation processin Georgian and English;

32 Pegadiond TV prograrsand filmsfor awide audience

3.3, Widedissaringion of brief adgpted verson of initid nationd conrunication inthe courtry;

Y Note: According to the Decree of the Presidertt of GeorgiaNo. 349 deted 3 June 1999, the UNFOOC Nationdl
Agency has been crested d ong with the Internationd Agency on Sugtainebl e Devel opment and formetion of the
Sae Commisson for the pronation to effident use of posshilities of new investmant mechanisTs in energy
Sudtanabl e Devd opment under the UNFOCC, the UNESCO World Solar Programme and for the fadilitation of
theutilizetion of reneweble sources of energy.
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12. NATI ONAL CLI MATE CHANGE ACTI ON PLAN

34. Patidpaionin megings of respective committess of the Pardiament and workshops, arranged
by interndtiond orgenizations,

35 Ogaizdion of an intanaiond workshop on "The Rdicy of greahouse ges arission
nitigation for non Annex | countries of the Convation”. UNDP'GEF and dimate Reserch
Netiond Canter. Sqptenber, 1999 Thilis, Georgig,

36. Haddng df initiaion and summery workshopswithinthe prgject on energy effidency.

4. Educdionand Traning sysem

A Traning Canter on Ecdogy and Ervironmatd  menegament hes ben eddished & Ivane

Javakhishwili Thilis Sate Univarsity, whichwill train highly qudified speddigs for the UNFOOC
Nationd Agay infuture

5  Pepadion of the Ssoond Nationd Communicdtion for presantation to the Conference of  the
Paties Thisinplies inplemattaion of those adtivities, which were nat conducted within the Firgt
Nationd Communicaion. Projections of expected emissions and correction of the Nationd Ainete
Change Adtion Han, that will be besed upon the assessmants of futlreamissons.
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Table AL Quantitative dharacterigtics of harnful suibstances emitted by motor-trangport

in Georgiaduring 1980-96
Sibganoss
Cabon Nitrousoxide | Nitrogen oxides Cabon NMVQOCs,
VS | ik million Met‘fge (N;O), (NOX), monodide, | thousand
tons tons thoussndtons | thousand tons tons
1980 270 562298 46.381 33537 280663 28833
1981 2917 583556 49039 35602 300521 30005
192 3033 602.174 5154 36473 30521 31014
1983 3197 636538 204 38458 36.734 3743
1934 3184 628677 54590 38330 323346 32530
1985 31% 616.4% 56.632 38528 31423 31678
1986 3149 606.092 56.273 37812 310274 31383
1987 3183 606.377 57.791 38201 310324 31543
1983 3216 604.217 58982 3888 306062 31063
1989 3092 539493 57977 37478 286517 29200
1990 313 579.746 58261 38086 21206 295%6
1991 359 573159 75.176 43339 254A 2012
1992 N.D. N.D. N.D. N.D. N.D. N.D.
1993 0485 55.339 13165 6.076 2107 2670
1M 0211 39097 44402 2398 21183 2288
1995 1430 212.1%6 25636 17.24 138366 14.134
19%6 2962 533363 56.49%5 36114 266723 21628
Note N.D. - no detaavalable unconplete deta
Tae A2 Typaogicd and age compaosition of forests under the Departmant
of Foredtry for Januery 1991
. Agesrudure 10 *ha
Types Areg, 10 ° ha Youg M;;:je Riping Ripe Aged ripe %of totd
Conferous 4106 21 1671 633 1021 500 192
Pinus 1023 2.7 478 173 96 09 48
Abies 1260 12 769 204 29 6.6 59
Picea 1823 0.2 R4 256 716 25 85
Hard-wood: 14164 67.1 7190 2100 309 1104 66.2
Fagus 10514 28 544 1675 204 873 0.1
Quecus 2209 14 147.2 187 126 10 103
Carpinus 1241 29 674 238 279 21 6.7
Soft-wood: 157.3 161 723 25 313 12 74
Alnus 9.1 119 184 143 168 7.7 32
Castanea 544 44 25 9.3 147 35 25
Others 338 24 9.8 110 80 26 16
Other kinds 1039 132 514 165 183 45 49
Bushes 513 20 285 9.8 105 05 23
TOTAL: 21395 1265 10383 361 4721 1766 1000
% 100 59 485 152 21 83
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TaleA3. Regigeadillegd auttings of foretsin Georgiaduring 1990-1996

Y Vaured illegd autings Vdured reveded Saredf reveded auttings
eas 3 : 3
m auttings m %
1990 5006 376 664
1991 593 A 4.3
1992 18041 11406 632
1993 42018 22061 25
199 51420 23340 464
19%5 47252 16939 %38
1996 24238 15227 A4

TabeAd. Incessedf QO

canissonsduetoillegd auttings of foressin Georgia

Vdured Tatd biomess Anndd incemat | Amnuld incemat of
Yeas |illegd auttings in10°tonsof  |Cabonfradtion | of carbon arission, G0, anisson,
10%m® dry mess Ggof C €]
1990 5006 9511 045 4.280 1569
1991 5593 10627 045 4782 1753
192 18041 3A.287 045 15429 56.57
1993 42018 7984 045 3595 13173
1M 51420 97.698 045 43964 161.20
1995 471.252 8.779 045 40400 14814
1996 44238 84.052 045 37.823 13869
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