ECONOMYIDE IMPACTS OF CLIMATE
CHANGE AND ADAPTATION IN GEOR

Assessing the Macroeconomlc Impacts of Climate Change
Adaptatlon IrGeorglaNlth the'e3geModel

Published by: Supported by:

4
Deutsche Gesellschaft ; Federal Ministry INTERNATIONAL
fur Internationale for the Environment, Nature Conservation, . CLIMATE
Zusammenarbeit (GIZ) GmbH Nuclear Safety and Consumer Protection INITIATIVE

based on a decision of
the German Bundestag



ECONOMNVIDE EFFECTS OF CLIMATE CHANGE AND ADAPTATION IN GEORGIA
Assessing the Macroeconomic Impacts of Climate Change and Adaptation in Georgie with the e3.ge Model

As a federally owned enterprise, GIZ supports the German Government
in achieving its objectives in the field of international cooperation
for sustainable development.

Published by
Deutsche Gesellschatft fur
Internationale Zusammenarbeit (G1Z) GmbH

Registered offices
Bonn and Eschborn, Germany

Address

Deutsche Gesellschaft fur

Internationale Zusammenarbeit (G1Z) GmbH
Koéthener Str. 2

10963, Berlin, Germany

T +49 61 96 7D

F +49 61 96 7911 15

E info@giz.de

| www.giz.de/en

Project description
Policy Advice for Climate Resilient Economic Development

Project manager
Dr. Sebastian Homm
sebastian.homm@giz.de

Authors
Saskia Reuschel, Christian Lutz | Osnabriick

Editos
Mikheil Khuchua | Thilisi
Dr. Sebastian Homm, NairAbdulle, Samuel Bryson | Berlin

Design and layout
Alvira Yertayeva, Astana

Photo credits/sources
©pexels

This report was elaborated by the experts of the international consultancy
Gesellschatft fir Wirtschaftliche Strukturforschung | Institute of Economic

Structures Research (GWS) within the gl obal programme GPolicy Adlvice
Climate Resilient Economic Deyelme nt §, i mpl emented by the Deutsche
Gesellschatft fiir Internationale Zusammenarbeit (G1Z) on behalf of
the Federal Ministry for the Environment, Nature Conservation, Nuclear
Safety and Consumer Protection (BMUV).
The contents of this report are the sole responsibility of the authors and
can in no way reflect the official opinion of the GIZ project.
On behalf of
Federal Ministry for the Environment, Nature Conservation, Nuclear Safety
and Consumer Protection (BMUV)
Germany 2025
I KI' gl obal programme GPoHG o mido i eev & loap nod 1 2




ECONOMNVIDE EFFECTS OF CLIMATE CHANGE AND ADAPTATION IN GEORGIA
Assessing the Macroeconomic Impacts of Climate Change and Adaptation in Georgie with the e3.ge Model

i Eafi

Y T
‘ tuiL i
A

ECONOM¥VIDE IMPACTS OF
CLIMATE CHANGE AND ADAPTATIO
IN GEORGIA

Assessing the Macroeconomic Impacts of
Climate Change and AdaptatiorGeorgia
with the e3ge Model

June 2025

Authors

Saskia Reuschel
Christian Lutz

Gesellschatft fur Wirtschaftliche Strukturforschung (GWS)
GmbH / Institute of Economigtructures Research

Heinrichstr. 30
49080 Osnabrick (Germany)

SPECIALISTS IN
I EMPIRICAL ECONOMIC
RESEARCH

I KI' gl obal programme GPoHG o mido i eev & loap nod 1 3




ECONOMNVIDE EFFECTS OF CLIMATE CHANGE AND ADAPTATION IN GEORGIA
Assessing the Macroeconomic Impacts of Climate Change and Adaptation in Georgie with the e3.ge Model

CONTENTS

LIST OFf FIQUIES.....uuuiiicieees s s 4+« ¢ s 422+ 2+ s 4 4+« + s 15 5.

LISt Of TADIES. ...t e+t £ 4444 4+ s 11551 e £ £ 55 YA
1. INTRODUCTIQN.. ...ttt s e+ st £+ £ £+ 1 st £ £+ £ 5514 8
2.1.The €3.0€ MOUEL........oooiii i e+ e+t £ 44444 4+ s 5 555551 1 R

2.1.5CENArI0 ANAIYSIS.........cooiiiit i 111+ e+« st 0« s 5510l

2.2.Implementing climate change and adaptatian.............. .« oo L
3. REFERENCE SCENARIQ........ .. e e s s 1+« « s 00« L
4. ECONOMICS OF CLIMATE CHANGE ....... o oo e et s 112122 e 17......

4.1.SCENANO SELHNQGS .....uuu i eeeeee s s 4+« + ¢+ s 4+ 2+« + s 002 o Lo v 2200
4.2.Results of scenario SSHBS.............vivvi v s s e T I

4.3.Comparative presentation of results for SSPf6 and SSR2.5.............. 25....
5. ECONOMICS OF ADAPTION TO CLIMATE.CHANGE.. a2
5.1.Adaptation in agriculture:EEnhanced windbreaks................ commmn .. 2 7.
5.1.1. SCENAIIO SEILINGS.....uieuieniinit o e e et o« e e e e llaneees
5.1.2. RESUIS .. ciiiiiiii it s e+ et 14221 ¢ s« £ 5301
5.2.Forestry: Adaptation against forest fires and forest diseases............ 34......
5.2.1. SCENAIIO SEIINGS.....uivuiinitnien o e e et e o« e e e e a3
5.2.2. RESUIS .. ittt s e et 2221 ¢ e+« 53 e
5.3.FlOO0 PrOtECHION. ......evvvttttt s e+ s £+« 4 £+« s 1111 43.......

5.3.1. SCENAIIO SEIINGS.....uivuiinienie e e e et e o s e ee e w30
5.3.2. RESUIS ... s e e ot e e« 0 DL

R T EIENCES ... et s+ e+ e+ semssesesmsesse o 2 22 4 sossess st o 22 2 5 2 et £ 4 2 5 121 52.......

APPENIX ... eiii e s+« ¢+ 4+ s 2+ 2 5 & —— £ 1 1 ——— 11 h3......

I KI' gl obal programme GPoHG o mido i eev & loap nod 1




ECONOMNVIDE EFFECTS OF CLIMATE CHANGE AND ADAPTATION IN GEORGIA
Assessing the Macroeconomic Impacts of Climate Change and Adaptation in Georgie with the e3.ge Model

List of Figures

Figure 1: The e3.ge modelling apPrOaCKL............. o e e s oses s s 41+ s <1111 Q..

Figure 2: SCENario COMPAITSOIL.......... ... oo et s« s 1+ 5+ ¢+ st 1 1554 ¢ s 1554 10Q.......

Figure 3: Integration of climate change and adaptation in an economic model...............

Figure 5: Reference scenario: Real gross production by economic sectors in Mn..GEL...........15....
Figure 6: Reference scenario: Employed persons by economic activity in 1,000 persons........ 16.......

Figure 7: REF scenario: Employed persons by economic activity and gender in 1,000 persons
(20202050), Male, fEMAIR...........uue et o 4+ s ¢+« ¢+« s 15550 16..

Figure 8: Probability of occurrence by intensity (low, medium, high) for droughts, heatwaves
and floods under SSPA.6, SSR2.5 and SSPB.5 scenario until 2050.................. commmmmnd 8.

Figure 9: SSRPB.5: Macroeconomic effects of climate change (compared to reference,.in.%)....21....
Figure 10: SSP8.5: Climate change effects on production (compared to reference,.in.%)........ 22......

Figure 11: SSP8.5 scenario: employment by economic activities (compared to reference, in
LO00 PEISONS) ettt £ 11+ ¢ s £ 1+ 5+ s £ £ 515 & S £ 1115 22

Figure 12: SSP8.5 scenario: employment by economic activities and gende0D0 persons
(20252050), Male, fTEMAIE................ s o 2+ s 2+ 2+ 1 1 s 41220 23..

Figure 13: SSP8.5 Climate change effects of heatwaves on GDP and its components and
production, (2022050, compared to reference, in 20)............... commmmmmmm e eeeee 23...

Figure 14: SSP8.5 Climate change effects of droughts on GDP and its components and
production, (2022050, compared to reference, in 20)............... commmmmm e eeeee 24...

Figure 15: SSP8.5 Climate change effects of floods on GDP and its components and
production, (2022050, compared to reference, in 28)............... .o oo eeee 24...

Figure 16: Macroeconomic effects of climate change (compared to reference, in %2.8SP1
B SSPZA.5. ..o s 4+ 2+ 4 enp—— 22 2 rp———— 2 3 ——— 111 25...

Figure 17: Climate change effects on production (compared to reference, 88%32.6 &
SSP2A.5...ccc ittt s 1 1 22+ 4 —_ 1111+ 3 S7—— 1 1555+ STT— 1111 25,

Figure 18: Employment by economic activities (compared to reference, in 1000 persons), SSP1
2.8 & SSPZL5. ...ttt s 4+ e £ £+ 4 o —— £ 411 1§ ST £ 41115 26

Figure 19: GDP Impacts of Climate Change Scenarioxt8%) (Compared to Reference, in.%)....30.
Figure 20: GDP Impacts of Climate Change Scenario (Compared to Reference, in.m.GEL)....30.......

Figure 21: Adaptation Scenario: GDP ImpacRetfabilitation of Windbreaks (Compared to
Climate Change Scenario, in.%)..................

Figure 22: Adaptation Scenario: GDP Impacts of Rehabilitation of Windbreaks (Compared to
Climate Change Scenario, IN M GEL).............. oo o1 os s o 4111 1 s 1+ 3.

Figure 23: Effects on production of Rehabilitation of Windbreaks (Compared to Climate Change
Scenario, scaled to GDP change iN.28).............. o v veee s s e 32,

I KI' gl obal programme GPoHG o mido i eev & loap nod 1




ECONOMNVIDE EFFECTS OF CLIMATE CHANGE AND ADAPTATION IN GEORGIA
Assessing the Macroeconomic Impacts of Climate Change and Adaptation in Georgie with the e3.ge Model

Figure 24: Effects on production of Rehabilitation of Windbreaks (Compa@ahtate Change

SCENATIO, 1IN M GEL) ...ttt s 14+ ¢ s £ 1 11+ s £ £ 1110 33.......
Figure 25: Employment Effects of Rehabilitation of Windbreaks (Compared to Climate Change

SCENATIO) ...ttt s 4+ 44+ ¢ st 5554 ¢ ¢ s 51554 ¢ S 1154 L33
Figure 26: Rehabilitation of Windbreaksnployed persons by economic activity and gender in

1,000 persons (2023050), male, female................. o e oo e oo e e s s 22000 33..
Figure 27: Probability of occurrences for heatwaves in S&B5.................. e oo 34...

Figure 28: GDP Impacts of Climate Change Scenario-&S5P&ompared to Reference, in.%)....37.

Figure 29: GDP Impacts of Climate Change Scenario<&5SP&ompared to Reference, in m

Figure 31: GDP impacts of Adaptation to Forest Fires and Diseases (compare&te@Cio,
iN %0, 20302050)......00eeeeee et s+« 42+ 1+ s + 4 411 1 5 s— 1111 QL

Figure 32: GDP impacts of Adaptation to Forest Fires and Diseases (compared to CC Scenatrio,
NN GEL) ..o s+« 4+ 2+ ¢ s 4 2+« st 55555 1 se— 1211 .40....

Figure 33: Effects on production of AdaptatiorFarest Fires and Diseases (Compared to
Climate Change SCENArio, IN.0)............... et e oo+ s 444+« s 54410+ 41....

Figure 34: Effects on production of Forest Fires and Diseases (Compared to Climate Change
SCENATIO, IN M GEL) ..ottt ¢t 45+ ¢ s £ 14+ ¢ s £ £ 1110 4l.......

Figure 35: Employment Effects of Adaptation to Forest Fires and Diseases (compared to
Climate Change SCENAKIQ)............... o s+ e+« s+ s 111 4 4+ s+« 242514 42...

Figure 36: Adaptation to Forest Fires and Diseases: Employed persons by economic activity and
gender in1,000 persons (2023050), male, femMale................. commmmmmmmme 1 o 42.....

Figure 37: GDP Impacts of Climate Change Scenario{&SPEompared to Reference, in.%).... 46.

Figure 38: GDP Impacts of Climate ChaBigenario (SSP8.5) (Compared to Reference, in m
GEL).ooovveeiiinnnn SRR A

Figure 39: Adaptation Scenario: GDP Impacts of Flood protection (compared to Climate Change
SCENATIO, 1N Y0)..etiiiiiiiiitee s £ 4+ ¢ s £ £ 55+ ¢ s £ £ 155+ St £ 110 48.

Figure 40: Adaptation Scenario: GDP Impacts of Flood protection (compared to Climate Change
SCENATIO, IN M GEL) ..ottt ¢ s 1+ 4+ ¢ ¢ st £ 5 51+ ¢ s £ £ 1100 48.......

Figure 41: Effects on production of flood protection (Compared to Climate Change Scenario,
scaled to GDP Change iN Q0)........cc... . e+« s £ 4+« £+ ¢ sttt 11514 49

Figure 42: Effects on production of flood protection (Compared to Climate Change Scenatrio, in

Figure 43: Employment Effects of Flood protection (compared to Climate Change Scenaria)..50....

Figure 44: Flood protection: Employed persons by economic activity and gender in 1,000
persons (202582050), Male, TEMAIE................. ot 1+ s £ 50.......

Figure 45: Probability of occurrence by intensity (lonedium, high) for droughts, heatwaves
and floods under SSPA.6, SSR2.5 and SSPB.5 scenario until 2100.................. commmee3.

I KI' gl obal programme GPoHG o mido i eev & loap nod 1




ECONOMNVIDE EFFECTS OF CLIMATE CHANGE AND ADAPTATION IN GEORGIA
Assessing the Macroeconomic Impacts of Climate Change and Adaptation in Georgie with the e3.ge Model

List of Tables

Table 1: Description of scenarios for climate change and adaptation............ .. eeee... 10.
Table 2: GDP and components of final demand in constant pi¢eserage annual growth

FALES (AAGR) ... .eeeiiiiee e i 444+ st £+ 44+ £+ s 5544 £ £+ S 154444 15..
TADIE 3: HEAIWANVES. ... s 4+ ¢ s 4111+ ¢ s 41154 ¢ s £ 11544 219
TADIE 41 DIOUGNES. ...t s 4+« s 1+ £+ ¢+ s 55554 £+ st 15544 ¢+ St 1 150 20......
TADIE 5. FIOOUS ...t st 4«44+ s 4 £+ 44 4 s £ £ 4+ 444 s 5544 £ 444 S 5444444 20.......
Table 6: Assumptions for the climate change SCENAIIQ............. .o e s cosmm———— 11 27.
Table 7: Investment Costs (2026 t0 2028).............. o s esesee s s e e
TabIe 8: OPEratiONA] COSLS.......ccei et o 41+ s £+ £ 411 s £+ £+ 41 t—< £ 41111 28..
Table 9: Total investment and annual operational COSIS............. .o 2 e e e s sm—— 11t 29...
Table 10: Benefits of the rehabilitation of Windbreaks..............com v e 29
Table 11: Increased crop yields from windbreaks by different crop types........... e eeeee e n29u
Table 12: INvesStMent COSES: FOIESt FIIES........... .. o e+ s 411+ s 441114 35..
Table 13: Operational COStS: FOIESt FUFES.............. w11 o « 4+ 4+ 4+ s 41121+ 35..
Table 14: Investment COSIS: FOrESt DISEASES............. o« e+ 11 o 4111 s 4411111 35.......
Table 15: Operational COStS: FOreSt DISEASES............ .o s 11 s « 2+ 2+ + 1 s 111222 36.......
Table 16: Total investment and annual operational COSES............. o oo oo s 3B
Table 17: Total investment and annual operational COSIS............ o vveee 30
Table 18: Investment Costs: Rioni............... A3
Table 19: Operational COStS: RIQIIL. ... e+ + e e+« s« + « s 1 1 1 oss— 44....
Table 20: INVeStMENt COSES: MKV .............. s e+ s 1+ 44 ¢ s 1554 45...
Table 21: Operational COStS: IMIKVALL...............«commmmmmmmm e e e et s s 2+ + s 1 45..
Table 22: Total investment and annual operational COSES............. o oo oo s B

I KI' gl obal programme GPoHG o mido i eev & loap nod 1 7




ECONOMNVIDE EFFECTS OF CLIMATE CHANGE AND ADAPTATION IN GEORGIA
Assessing the Macroeconomic Impacts of Climate Change and Adaptation in Georgie with the e3.ge Model

1.INTRODUCTION

Climate change poses a significant threat to the environment, the economy, and the society
in Georgia. Georgia has alreadperienced increased extreme weather events such as
droughts and heavy rainfall. These trends are expected to continue, impacting critical sectors
of the Georgian economy.

Being a signatory to different international environmental treaties and agreements (e. g., the
United Nations Framework Convention on Climate Change (UNFCCC), the Kyoto
Protocol to the United Nations Framework Convention on Climate Change), Georgia is
requred to contribute to decreasing greenhouse gas emissions, as well as adaptation to
climate change in ecosystems and economic sectors (see USAID 2016).

To support informed decisignaking, the macroeconomic model e3.ge model has been
developed in cooperation with the Ministry of Economy and Sustainable Development
(MoESD) of Georgia, the Institute of Economic Structures Research (GWS) and the
Deutsche Gesellschatft fir Internationale Zusammer{@tBias part of th&lZ CRED

program (Policy Advice for Climate Resilient Economic Development), that aims to
support macroeconomic modelling for evidéased policy making.

The e3.ge model contains three interlinked model parts, the economy module, energy
module and emissions module. The abbrevidienotes the respective country code for
Georgia.

This report updates the country report that was prepared as part of the first project phase
of CRED (Flaute et al. 2022). In terms of content, this primarily concerns the quantification
of the damage caused by climate change and of the adaptation iGéamtaeslated

damage, especially in the form of heatwaves, droughts and floods, is now distinguished
according to different SSPs (S3B1SSP2.5 and SSH&5) and is based on benchmark
damage and assumptions regarding the probability of occufdaroaging events. This
process was supported by national and international experts, among others MoOESD, Berlin
EconomicsEarthYieldAdvisories, TBSC Consulting, Sudtainable Development Center
"Remissia"

Various cosbenefit analyses have been prepared by national consultants for the adaptation
measures. They consider measures in the areas of agriculture and forestry, as well as
infrastructure. In 2024, the existing E3 model for Georgia was also extdngetheed

in close coordination with MOESD.

The report is organized as follows: Chapkeiefly describes the e3 modelling approach

and the technique of scenario analysis. Clgpésicribes in a nutshell the assumptions

and results of the reference scenario, which serve as a basis for the climate change and
adaptation scenarios. Chagtbescribes how climate change is incorporated into the model

and what socteconomic effects it causes. The effects of adaptation measures are described
in sectior). Chapte6 points out the key messages and concludes.

I KI' gl obal programme GPoHG o mido i eev & loap nod 1
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2.MODELLING APPROACH

2.1. Thee3.ge model The central part of the economic model are the-input

output tables (sectoral data) and national accoun’ts
As part of -Resiliéri sEconGrhid m@nacgoeconomic data) depicting the key industries and
Development (CRED) project, aaaled E3 model  supporting industries, their interlinkages as well as the
(Economy, Energy, Emissions) has been developedomestic and foreign drivers for ecormogrowth.
for Georgia that is described in detail in the nationalThe labour market is part of the model to monitor the
report (Flaute et al. 2022). E3.ge is a dynamidmpacts on jobs. The foreign trade section contains the
macroeconogtric inputoutput model that can  country's imports and exports at a sectoral level. Unit
determine the soc&xonomic effects of climate costs and prices are calculated within the model.
change and adaptation to climate change. TheEnergy balances, which inelugnergy supply,
following figure shows the main parts of the model transformation and demand for various energy
and how they are connected. It is important to note carriers, are at the centre of the energy module. Energy
that, in addition to maaeoonomic variables such as demand is determined by the economic activity. Th
GDP and employment, sectoral variables are als@missions module comprises the ernetgied CQ
updated at the industry level. These include, amongmissions. Climate change effectsg.,(e.the
other things, various final demand components suchdestruction caused by heavy precipitation, effects of
as private consumption and investment, productionheat on labour productivity) and adaptation measures
values, employment and psice (e.g., irrigations systems, windbreaks) are being added

to the model and can trigger various ecoreichy
Figurel shows the structure and interlinkages in the effects. More details about igpplication and

e3.ge modelling approach. The e3.ge model containgansferability to other countries can be found in the
three interlinked model parts, (1) the economy modelmodel handbook (G1Z 2023b).
(2) the energy module and (3) the emissions module.

¢}

POLICY VARIABLE S, EXPERT INFORMATION

Figurd: The e3.ge modelling approach

FOREIGN TRADE m Source: Own figure based on GIZ, 2023a

+ t

“© ENERGY
: FINAL DEMAND SUPPLY
=2 “
n— 2
3 INTER MEDIATE ENERGY E
: DEMAND TRAN SITION E
P :
[-4
ENERGY R
b
= PRODUCTION _— DEMAND
UNIT COSTS PRICES

Input-Output-Table, National Economicmodel
Accounts

Energy balance covering Dssil fuels and E nergy module
renewable energy, energy prces
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2 2 Scenario analysis of a climate change scenario, the results for relevant
model variables such as employment, GDP of

Scenario analysis ismeethod for dealing with the production are evaluated against the REF scenario
different kind of uncertainties of the future. Scenario
analysis helps to arsalyand quantify the impacts of

Figure?). To see the effects of an adaptation measure,
o whiaft6 quegs t ioowhsat 6e.wi | | IR §CFRNP fnust Be cpmpared to the respective

economy, oifo an extre m_%“maw 8hgr}gq]sgeparioew\l;ig1ljprt‘,ludeg girgaﬁerclgang% r

adaptation measures are introduced? Typically, sudfpacts but no adaptation policies.

an analysis is done before a policy measure is
introduced (exante analysis) to explore possible
reactions within the econor®¢genarios are consistent _
sets of quantified assumptions describing the future
development (Blte al. 2022).

Alternative
scenario

Baseline scenario

The e3.ge model is applied to simulate the economy
wide impacts of three climate scenarios {S8P1
SSP2.5 and SSHR5) as well as the effects of
respective climate change adaptation measures. Thus Time

climate scenaria®nsidethe sectoral impacts of the Figur@ Scenario comparison

main climate hazards impacting the Georgian _

economy the most which are not reflected in the REFSCUCe: OWn representation by GWS.

scenario. Climate change adaptation scenarios buildiin the help of the e3.ge model, not only direct, bu
upon the climate scenarios and consider the-sectory oo indirect and feedback effects of alternativ
specific costs and benebfsadaptation measures as gcenarios can be evaluated which includes secto
well. The scenario settings and required data for theatail and an economyde analysis. The e3.ge model
scenarios have been jointly selected and collected withy 5 4t helping model users to identify hégfdgtive
national, sectoral and climate experts. adaptation options with positive effects on the
economy, employment, and the environment. This i

The simulation of the climate scenarios and the

adaptation scenarios with their respective scenari ; ic activi d th .
settings cause chain reactions in the e3.ge mod etween economic activity, energy, and the emissio

resulting in an oaltern aaj i_W\(?”ﬁ_SS }h tinlpl}caetion.qfose&g'xmg%nict h
rdationships (soalled e3 modelling).
Tabld: Description of scenarios for climate change and adaptation

SCENARIO DESCRIPTION

BUSINESBSUSUAL | The reference scenario is laid out as a businessusual scenario. This scenario extrapolates t
(BAU) OR BASELINE| economic relationships observed in the past into the future. Model variables, model paramete|
SCENARIO OR assumptions are carefully selected provide a reliable projection and a solid basis for other scena
REFERENCE SCENA analyses. Such a scenario does not include consideration of climate change and adaptation.

CLIMATE CHANGE | A scenario with climate change, which contains additional assumptions on the economic damag
SCENARIO losses caused by climate change. The scenario is based on the reference sc&harimacroeconomi
effects of climate change can be determined from the deviations between the climate change sc
and the reference scenario.

ADAPTATION SCEN/ A scenario with climate change and adaptation to climate change, which contains the aforemer
additional assumptions on the economic damages and losses caused by climate change a
assumptions on one or more adaptation measures. Thus, this stcesdrased on the climate chang
scenario. The macroeconomic effects of adaptation can be determined from the deviations betw
adaptation scenario and the climate change scenario.

Source: Own table.

gnly possible due to the modelled relationships

[

D

ral

D

ns
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All alternative scenarios are calculated for future yearg, 3 ImpIementing:Iimate change and
so that differences between the busiaggssual .
adaptation

(BAU) scenario only occur afterwartis. get the
macroeconomic effects of the alternative scenario, thEI"he integration of climate change into economid

givllJatlons petween fhel ?Itgr':iti'vf jcelna;.rlo angl th?‘nodels is a very demanding and challenging task. T
scenario are calculated (ielated refative an approach is to focus on the relevant extreme weath

thsolute t?\s well as, mtertertr;]por?tlrg) -I;hz S'ﬁtirence%vents. Thereby different effects are integrated on
etween the scenarios can themiieouted 1o the sectoral level, e.g. the effects of heat waves @

?!ﬁerentd aSSl:mpthn?h n tgel scenarios and theagriculture. The interlinkages in theodelling
figgered reactions in the modet. framework are about to calculate the overal

The e3.ge model is used to simulate the economiéhacroeconomic effects out of the respective sector
effects of different climate change scenarios ancthanges. The approach for Georgia builds on th
adaptation measures in Georgia. To dofis, damage data concept for assessing economic impa
climate change scenarios including the effects off@M climate change in e3 models.

cIimatg change have 0 b? compgredB'fL(\)Ua rer:erﬁnclgs thee3.gemodel is calculating on an annual basis
scenario (or busineasusual scenario, ) whic and extrapolating historical time series data into th

;efle(I:ts th? _tcr:]onttlnllj_atlc;n hOf thle fec;)hnom;c future, the effects of climate change are not
evelopment without climate change. in a tur erseF)‘automatically found in future projections. Although

variaus scenar!os are created that depict adapta’upr,gheIre are some events with very high damages that
measures to climate change. Impacts of the adaptatlo&/en vigile in the macroeconomic data (e.g. the sever
scenar?oshould be compared to climate change drought in the year 2000; see World Bank 2017), th
scenarios. modellingof future impacts of climate change on the
Chapter4 and 0 will use the scenario technique to national economy needs a link between future clima
evaluate the economic effects of climate change anBrojections and sectoral economic dgsia

adaptation to climate change on the Georgian
economy. To do so, the economic impacts of different
climate change events will be implemented in the e3.
model and analysed Furthermore, different
adaptation measures will &alysedn a sectoral
level.

Economic and climate models are operating or
different temporal and spatial scales. While clima
YRodels often have a high spatial resolution (sm
grids) and a loAgrm horizon (up to 2100), the e3.ge
model represents the Georgian economy at th
nation&level and has a mid to letegm perspective

(up to 2050). To implement climate change into the

e3.model a scenario analysis linking future clima

projections and sectoral economic damages is applie

The process followsfaur-stepapproachRigure 3):

he
o
a

=

D

=

cts

are
e
e

te

12

le
2d.
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+ Data collection of past and current climate change impacts

et + Combination of physical and economic parameters
Identification of — - . = s . =
Preenawesyer * Probability of occurrence and intensity of climate hazards under different climate scenarios?
and their effects

+ Variables that change under climate change often cannot be found one-to-one in the catalogue
of variables of an economic model

Transiation of I Seqowmeuﬂa economlc‘cljmate change impacts enter the model

e el ~ Climate change scenario
impacts into A

+ |dentification of adaptation measures (their costs and benefits)
+ Translation into model parameters
~ Climate change adaptation scenario

Adapfation
policies and their
effects J

+ Comparative scenario analysis

Simulation and
evaluation

Figur&: Integration of climate change and adaptation in an economic model; proceeding in four

Source: Adapted froFlaute et a(2022)

(D Identification of climate hazards and their The analysis of climate change and its impacts is based

effects: A scenario with climate change is createdon the Shared Socioeconomic Pathways (SSPs) wh

which explicitly implements climate change hazardsepresent different climate policy choices at global

and its effects. It was agreed to consider the climatscale impacting GHG emissions. The CRED Il
hazards heatwaves, droughts and floods for Georgiaproject focuses on the SSP@, SSR2.5 and SSP5

_8.5scenarios, which range from low to high emission
'Scenarios. SSP suffixes with higher values representing

The impact chain concept (Fritzsche et al. 2014)
used to identify qualitative descriptions of the gyonger climate warming effects. For the considere

economic effects of climate hazards (e. g. wateiimate hazards the probabilities of occurrence for

scarcity affects agricultural output). In particular, ihree intensity categories (low, medium,) Higé

sectorspecific damage data from past climate eventsrovided for three SSP/RCP scenarios (8%P1
are used to quantify the direct climate change impactsgpy 5 and SSP&S5) on an annual basis by experts
These were collected by local partners in Georgia from,q EarthYieldAdvisories@I1Z 202%). The climate

TBSC (detailed analysis of past extreme weathef gjections for the period 262050 are used for the
events; nomonetary and monetary damages), economic modelling.

screening of scientific (national and international)

literature, and databases (such as European Clima2) Translation of climate hazard impacts into the
Damage and Adaptation Platforms PESETA, model variables:In a second step, the identified
ClimateAdapt), media and expert surveys, and biophysical and economic effects need to be translat

evidence from other countries (e.g. Germany). Theinto model parameters. To do so, the detailed analysis

damage / impact data differentiated for three intensityon future development of climate hazards by

categories(low, medium and high) serve as a intensities and observed climate hazard impacts by

benchmark for estimating future climate hazardintensity categpmresults in a time series of expected
impacts. future impacts for the respective climate hazards.

ch

o

(9%
o
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These time series are then assigned to specific variabl@ Adaptation policies and their effectsThe third
in the e3.ge model. The structure of the model maystep comprises the identification of adaptation
require translations to be made. For example, someneasures and their translation into the e3.ge mode
variables in the model cannot be directly influenced bylherefore, quantified sectespecific costs and
climate change because they are residwal benefits of adaptation measures are required to
definitionally dependent on other variables. subsequently ansdythe economwide impacts with
Accordingly, a decline in domestic production, for e3.ge. The results of the CBAs then serve as an input
example, can be integrated in the model via increasedr the e3.ge model. The costs of adaptation measures
imports. After having finished this second step, theare usually implemented as investments and the
economic model contains climate change effatts a benefits reduce the climate change impacts.
can be used to evaluate these respectively.

(4) Simulation and evaluation:Finally, a scenario
analysis (see chapt2r]) is being performed to
evaluate the economic effects of climate change and
adaptation to climate change. Results are presented in
chaptert and chapte®.
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ECONOMNVIDE EFFECTS OF CLIMATE CHANGE AND ADAPTATION IN GEORGIA
Assessing the Macroeconomic Impacts of Climate Change and Adaptation in Georgie with the e3.ge Model

3.REFERENCE SCENARIO

The reference scenario is laid out as a buasiessal reference scenario is positive. Between 2010 and 2022,
scenario. It yields the basis for all further scenariathe Georgian economy grew by an average of 4.7% per
analyses and evaluations. Thus, the parameters aear. This already includes the significant slum
settings must be carefully seletdggrovide a solid caused by the coronavirus pandemic in 2020. Exports,
basis for the other scenarios. As described in thewvhich grew at an abeagerage rate, contribdtto

national report from 2022 developments observed inthis. They also grew faster than imports, so that th
the past are used to project the development of theforeign trade balance developed positively. Privat
Georgian economy to the future (Flaute et al. 2022)consumption increase has also been above average| By
For this report, the data basetie model ranges up contrast, investment and, in particular, government
to the year 2022. Sector dathistorical data untii  consumption growth rates have beenvbelegerage.
2021. In the future, economic growth is expected to increas

_ o _ until 2030 due to the high economic growth in recent
Figure4 shows the projection of the Georgian GDP yeqrs pefore growth rates stabilize at 4.4% on an
and its components for the reference scenario up to;nnyal average (Sable 2).

the year 2050. The economic development in the

(0]

@

nonnn

o pdnnn

oxnnn

aymo9 [

Hpdnnn

Hodnnn

Mpdnnn

M dnnn

pmnan

| E sk

iiinin
L LV T
mEan

™ dnnn

™ pdnnan

HAMYHAH/MHAHHHAHNMHAHCHAHYHAO/HAOHHANONHANOCHANOYHANAHANHHANAOHANCHANYHAPAN

| 2dzaSK2f R / 29muDABRYYSY (i / 25 aldyviSesy YsemOiE LJ2 NImmL Y LJ2 NI-&=D5 t

Figurd: Reference scenario, projection of GDP and components, real values, in million GEL

Source: Own figure based on e3.ge results.
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Tabl@: GDP and components of final demandpinced?stanage annual growth rates (AAGR)

20162022 20232030 20332040 20412050

GDP 4,7% 6,7% 4,4% 4,4%
CONSUMPTION EXPENDITURES OF HOUSEHOLDS 5,2% 6,4% 3,9% 3,9%
CONSUMPTION EXPENDITURES OF THE GENERAL GOV 2,0% 7,7% 4,0% 4,0%
GROSBIXED CAPITAL FORMATION 4,0% 8,0% 3,8% 3,8%
EXPORTS OF GOODS AND SERVICES 6,7% 6,4% 5,0% 5,0%
IMPORTS OF GOODS AND SERVICES 5,4% 6,8% 4,0% 4,0%

Source: Own figure based on e3.ge results.

Sectoral production follows the macroeconomic Sectoral employment follows the sectoral economi
development considering intedustry relationships.  activity considering the seespecific labour
For the projection period, no major structural changesproductivity, real wages and partly population
or economic diversification of the economy are development. In agriculture, labour productivity is
assumed. This means that the private services remairery low, whereas in manufacturing it is above averag
by far the most important sector, followed by Overall, in view of the population development, no
manufacturing, public services, construction andfurther increase in total employment is expectec
agricultureFigure5 depicts the projections for real (Figure6).
gross production by economic sectors.

450.000
400.000

350.000
Public services

300.000 Private services
m Construction

250.000
M Energy and water

Mn. GEL

200.000 m Manufacturing

® Mining and quarrying

150.000 M Agriculture, forestry and fishing

100.000

, 1 B

2020 2025 2030 2035 2040 2045 2050

Figur®: Reference scenario: Real gross production by economic sectors in Mn. GEL

Source: GWS based on e3.ge

je.
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Figuré: Reference scenario: Employed persons by economic activity in 1,000 persons

Source: GWS based on e3.ge, historical data until 2018 based on ILO

The proportion of women in employment is lower (93% vs 7%), manufacturing (67% vs. 33%)
than that ofmen Assuming that the proportions in  production and distribution of electricity, gas and
the individual sectors remain unchanged, the numbewater (78% vs. 22%), construction (96% vs. 4%),
of male employees will continue to rise in the future,transport and communication (84% vs. 16%) and
while the number of employed women will fall. This is public administration (68% vs. 32%). In contrary,
not necessarily realistic in view of the expectation of demale employment dominates financial
rising employment rate and better education ofintermediation (64% vs. 36%), education (81% vs.
women in the futurd={gure7). Some gendeapecific 19%), health and social work (81% vs. 19%), and oth
differences can be seen for some economic activitiecommunity, social and personal service activities (69
Male employment dominates mining and quarryingvs. 31%).
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m Agriculture, hunting and forestry m Fishing m Mining and quarrying
= Manufacturing Production and distribution of electricity, gas and water ™ Construction
Wholesale and retail trade; repair of motor vehicles and personal and household goods ~ m Hotels and restaurants m Transport and communication
' Financial intermediation m Real estate, renting and business activities m Public administration
= Education w Health and social work Other community, social and persenal service activities

Not elsewhere classified

Figur&: REF scenario: Employed persons by economic activity and gender #2Q5000 persons (2
male (left figure), female (right figure)

Source: GWS based on e3.ge, shares of male/female based on ILO
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4. ECONOMICS OF CLIMATE CHANGE

In this chapter, the econowyde impacts of three 4 1 Scenario Settings
climate change scenarios are described regarding their

impacts on economic growttgroduction and This section gives an overview of the scenari
employment. assumptions for the three climate scendticsy,

the future development of the main climate hazard
e under different climate change scenarios are describ
ot found., the future development of the main climate (SSP2.6, SSP2.5 and SSR&5) Secondly, the

As introduced in sectidfrror! Reference source n

hazards under different climate change scenarios ar&‘ssumptions and sources for benchmark damages for

required as well as the average sectoral benchmaﬂ%
impacts as observed in the gasttion2.3 step 1)
The three SSP scenarios (8561 SSR2.5 and According tcEarthYieldAdvisoriesGlZ 202%), the
SSP8.5) were selected to represent a range ofmost relevant climate hazards are floods, droughts a
possible global temperature increases and théeatwaves. In the future, climate hazards will occu
associated extent (frequency and intensity) of climateven more frequently and more severely. In geners
hazards in Georgia. less intense climate hazards (low, red IFigline8)

_ ] ~are expected to happen more frequent than those wi
The desk regearch and exchanggs with national Cl'maFﬁedium and those with high intensity (light and dar}
experts during CREDand I project revealed that o .oy inFigures). The probability of occurrences for

ﬂQOdS’ heatwave; and dr?”ghts are the most relevanfq cjimate hazards by intensity differs comparing th
climate hazards in Georgia impacting people and key, ..o gsgp scenaribay(ires).

economic sectors either directly or indirectly. These

climate hazards are therefore examined li2édavis There is a tendency that the probability of occurrenc
not available for all impacts of climate hazards, so thef climatehazards igreater in Shared Socioeconomic
macroeconomic analysis of climate change refers t@athways (SSP) scenarios with higher warmin
those that can currently be quantified potential due to higher emission pathways, e.g. SSH

_ -~ _ _ 8.5 compared to SSP5B GIZ 202%). Itis important

In a second step, the identified biophysical andy, sint out here that this trend is particularly eviden
economic effects need to be translated into modelfor the period up to 2100 and that probabilities of

parameters. The detailed analysis on future occurrences increase significantly from 2050 onwar

development of climate .hazards by intensities anctseeFigure45 for better visibilitthe period up to
observed climate hazard impacts by intensity categonynsnis shaded in light grey

for the three climate change scenaggdts in a time

series of expected future impacts for the respectiveAs the economic e3.ge model has a time horizon up
climate hazards. These time series are then assigned2050, only this time period isonsideredfor
specific variables in the e3.ge motielshow the modelling

economywide impactsa scenario analysss beiry

performedthe results are shown in secion

atwavesiroughts and floods are presented.
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Figur@: Probability of occurrence by intensity (low, medium, high) for droughts, heatwaxz6,3&P2b6dmndn88 RIS Bdenauiatil 2050

SourceResults provided by EarthYield Advisqi@&Z 202%)

I KI' gl obal programme GPoHG nyo midov i eev & loap ned 1 18




ECONOMNVIDE EFFECTS OF CLIMATE CHANGE AND ADAPTATION IN GEORGIA
Assessing the Macroeconomic Impacts of Climate Change and Adaptation in Georgie with the e3.ge Model

The following sections and taldescribe the scenario  cooling, the food sector is facing a higher demand fag
assumptions and implementation of the consideredbeveragesveragdabourmproductivity declines due to
extreme events heatwaves, droughts and fldeate heat stres€specially outdoor workexsd physically
were collected by local partners in Georgia from TBSChardworkingworkers are affectefbr instance in the
(detailed analysis of past extreme weather events; noagricultural, manufacturing and conswnctiectors.
monetary and monetary damages), screening ofhe more physical intense the labour is in a sector, tt
scientific (national and international) literature, andhigher is the average productivity ldsstwave also
databases (such as European Climate deaarad affect human health, €&eorgia is confronted with
Adaptation Platforms PESETA, ClimAgapt), increasing heag¢lated health expenditures.

media and expert surveys, and evidence from other )

countries (e.g. Germany). The damage / impact datdl 2Ple 3showsthe benchmarkamages / impacts of
differentiated for three intensity categories (low, heatwaves for the intensity category high. It is assum

medium and high) serve as a benchmark for estimatin§at the benchmark damage of intensity category lo
future climate hazard impacts. Is 10% of intensity category high, and that the

benchmark damage of the intensity category mediu
Heatwaves affect several sectors. The agricultural is in the middldt is assumed that households do not
sector faces crop losses due to the scarcity of rain antave more income, so that the further householc
water. The risk for forest diseases is increasing.consumption is reduced by additional expenditure fo
Irrigation canals and systems get damaged. The energpergy demand, health care services, and demand
sector is affected by an increased energy demand fdreverages.

Tabl&: Heatwaves

IMPACT BENCHMARK DAMAGE / IMH SOURCE:

LOSSES IN HARVEST DUE TO SCARCITY OF RAI| -10 % PESETA Project (Freyen et al.
WATER (2020), Hristov et al(2020))
ADDITIONAL ENERGY DEMAND FOR COOLING | 05-85 % World Bank / ADB (2021)
HIGHER DEMAND FOR HEALTHSERRECES 16 % Own assumption based on Hubler

(2008, 2014)

HIGHER DEMAND FOR BEVERAGES 5e7% Own assumption based on evidenc
from Germany

PRODUCTION LOSSES DUE TO ILABRER -1.7%6 (RCP 2,82050) Climate Analytics (2025)

PRODUCTIVITY (ALL SECTORS; DIVIDED INTO LI
INDOOR, MODERATE INDOOR AND OUTDOOR A ~25% (RCP5, 2050)
-3.6% (RCBS5, 2050)

DAMAGES TO IRRIGATION CANALS AND SYSTEN 1 m. GEL Ownassumption

LOSSES DUE TO FOREST DISEASES 121 m GEL Remissia (2023

Source: own compilation, see also Flaute et al. (2022)

Droughts mainly affect the agricultural and forestry Table4 showsthe benchmark damages / impacts of
sectorThe agricultural sector faces crop losses due talroughts for the intensity category high. It is assume
the scarcity of rain and watEurther, gapes get that the benchmark damage of intensity category lo
damage which leads to quality lossexl losses in  is 10% of intensity category high, and that the

harvestThe risk of forest fires increaskrigation benchmark damage of the intensity category medium

canals and systems get damaddedenergy sector is is in the middle.
affected by limited energygeneration from
hydropower.
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Tablel: Droughts

IMPACT BENCHMARK DAMAG| SOURCE:
IMPACT

DAMAGES TO GRAPES 50 m. GEL Own assumption based on evidence

from France
LOSSES IN HARVEST DUE TO SCARCITY OF R| -10 % PESETA Project (Freyen et al. (2020), Hristi
WATER et al. (2020))
DAMAGES TO IRRIGATION CANALS AND SYST| 1 m. GEL Own assumption
LIMITED ELECTRICITY SUPPLY FROM HYDRO | -5,2/-20 % Own assumption based on van Vliet (2016)
LOSSES DUE TO FOREST FIRES 5,8 m. GEL Remissia (2029

Source: own compilation, see also Flaute et al. (2022)

Floods might damage buildinggroperties and
transport, water and energy infrastructube® to
interrupted supply chaipsoduction losses occur in
affected sectoend impact also downstream sectors.

Tablé: Floods

IMPACT

BUILDINGS GET DAMAGED AND NEED TO BE RECONSTRL
INFRASTRUCTURBEAMAGED AND NEEDS TO BE RECONST

WATER AND SANITATION SYSTEM GETS DAMAGED AND [
RECONSTRUCTED

HOUSEHOLD GOODS NEED TO BE REPLACED
CARS ARELOODED AND NEED TO BE REPLACED

ELECTRICITY SYSTEM, OIL AND GAS PIPELINES AND IRRI
SYSTEMS GET DAMAGED AND NEED TO BE RECONSTRU

PRODUCTION LOSSES DUE TO INTERRUPTED SUPPLY Ct
FLOODED PRODUCTION SITES (SEC3)ORS 3

CROP LOSSES

Table5 showsthe benchmark damages / impacts of
floods for the intensity category high. It is assume
that the benchmark damage of intensity category lo
is 10% of intensity category high, and that the
benchmark damage of the intensity category mediu
is in the middle.

BENCHMARK DAMAG| SOURCE:
IMPACT

14,5 m. GEL GFDRR et al. (2015)
32 m. GEL GFDRR et al. (2015)
2,7m. GEL GFDRR et al. (2015)
1,6 m GEL GFDRR et al. (2015)
1,2 m GEL GFDRR et al. (2015)
1 m. GEL each Own assumption

-1% Own assumption

-10% PESETA Project (Freyen et al.

(2020), Hristov et al(2020))

Source: Own compilation, see also Flaute et al. (2022)
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4.2 Resultsof scenario SIR8.5 increasing due to limited production capacity cause
by damage production losseslue to interrupted

A scenario analysis is being performed to show thesupply chainsnd reduced labour productivity in many
economywide impacts of the climate change sectors. It is assumed that imports will replas (

scenariof he detailed analysis on future developmentdomestic production in order to satisfy demand
of climate hazards by intensities and observed climat€onsumption expenditures of households and

hazard impacts by intensity category for the threegovernment and gross fixed capital formation will be

climate change scenarios results in a time series ofegatively impacted.
expected future impacts for the respective climate

hazards. These time series are then assigned to speciffyerall, total real production decreases by 27.2 m
variables in the e3.ge model. GEL in 2050 compared to the reference. Particularl

large negative effects occur in agriculture
In this sectiontte focus of the description is on SSP5 manufacturing and private services, which account fg
8.5, which is the most pessimistic scenario in terms othe largest share of total value addeguge 10).
concentrations of GHG in the atmosphere and global Agriculture is particularly affected from the crop
temperature increase compared to the preindustrialosses during droughts, heatwaves and floods and t
level. The effects of the two other SSPs (26Rhd productivity losses during heatwaves. Many othe
SSP21.5) are briefly describadsectiorD. sectors are impacted from reduced labour productivit

during heatwaves and production interruptions
The following results show aggregated GDP impactsgnergy production could benefit slightly from higher

of floods, droughts and heatwaves for Georgia. Inpnrecipitation and the associated electricity generatic
scenario SSREb climate damage increases from hydropower.

continuously until 2050 and result in a GDP loss of
4.9% (resp 11.8 min GEL¥ompared to the reference
without climate change in 2@B@ure9). Imports are
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Figurd0 SSP8.5: Climate chaaffects product{compared to reference, in %)

Source: GWS based on e3.ge

In 2050 total employmenwill be 4700 persons  Analysing the results differentiated by ggffdgure
(respectively02 %) lower than in the reference 12 shows thatfemale workers ar@ total more
without climate chang@-igure 11). The sectoral affected than male weris, because male employment
effects are similar to those of productidre decline dominats in the energy and water sectavhjch

in employment particularly affe¢k® agricultural, = compensate for the decline in the other sedtors.
forestry and fishing sectors as well as the private2050 total female employment will5t200 persons
services sectorhile employment in energy and water lower than in the referenoghile mainly structural

is increasing. effects ar@entified for male employment.
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Figurd1l SSP5.5 scenaemployment by economic activities (compared to reference, in 1000 pe

Source: GWS based on e3ge
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The following sections show briefly the household consumption and imports. The effects
macroeconomic effects of heatwaves, droughts andesult mainly from changes in the structure of

floods separately. household consumption and production losses due to

lower labour productivity.Particularly large negative

In scenario SSREb climate damage of heatwaves gffacts occur in agriculture, manufacturing and private
increases continuously until 2050 and result in a GDPservices, which account for the largest share of tota

loss of4.5 % compared to the reference without e added.
climate change. Particularly negative effects arise for
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In scenario SSF8b climate damage of droughts are the near future, there are mainly negative effects on
constant over time and result in a GDP loss of 0.2 %household consumption in the following years.
compared to the reference without climate changeParticularly large negative effects occur igyeaad
The results are partlyecausethe probability of water in the near future, due to the limited electricity
occurrences for the three intensity categories ofsupply from hydro power, and private services in th
scenario SSRb are also rather constant over time. following years.

While there are mainly negative effects on imports in
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Figurd4 SSPB.5 Climate change effects of droughts on GDP and its components (left) and prc
(right), (202850 compared to reference, in %)

Source: GWS based on e3ge
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In scenario SSFBH climate damage of floods result While there are mainly negative effects on imports i
in a GDP loss of around 0.1 % up to 2035 and aroundthe near future, there are mainly negative effects an
0.2 % up to 2050 compared to the reference withouthousehold consumption in the following years.
climate change. The results are phdtausdhe Particularly large negative effects occur in agriculture
probability of occurrences for the three intensity and private services.
categories of scenario S8B5 are also rather

constant over time.
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investmentcompared to the reference, that largely
stagnate from 2030 onwards. S&PlResin-between
for SSR-2.6 andSSR-4.5 the two other scenarios. Its development is similar to
SSR-2.6 until 2040, then climate change damage
increase. The results are within the range of the
iterature (IMF 2019, Waidelich et al. 2024).

4.3.Comparative presentation of results

Scenario SSR16, which  corresponds to
comprehensive global climate protection, shows als
negative impactdfor GDP, consumption and
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Figurd6 Macroeconomic effects of climate change (compared to reférgeite LS SH2SSP1
(right)

Source: GWS based on e3ge

At the sectoral level, climate change leads toexpect positive effects due to higher water availability.
predominantly negative effects on production andIn the long term, however, these are likely to turn
employment, with  services, = manufacturing, negative because less water will be avaiiatiie
construction, and agriculture being particularly second half of the century.

affected. In contrast, electricity generation can even
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Figurd7: Climate change effects on production (compared to ref@6rfl)iid % 5 REP 1
(right)

Source: GWS based on e3ge
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5.ECONOMICS OF ADAPTION TO CLIMATE CHANGE

5.1.Adaptation in agriculture: every 5 years but is distributed over the entire
. simulation period. Thirdly, the cbsnefit analysis of
Enhanced windbreaks

Sustainable Development CeriRemissia (202%)

The restoration of windbreaks has reengnized as was fundamentally revised regarding the rehabilitation
of the windbreaks.

a crucial step in the adaptation to the effects of climate
change, in particular the decline in crop yields due tepe starting point for the scenario calculations is the
wind erosion and heavy winds. Basic consideration$aference scenario. There are two scenarids
on implementation in the e3.ge model and firstjmplemented: the climate change scenario (reduce
guantifications can be fouimdFlaute et al. (2022). crop yield due to heavy wind and wind erosion) and

There are three fundamental differences compared t(ghe adaptation scenario (rehabilitation of windbreaks).

this publication: Firstly, the economic model has been
updated in 2024. Secondly, the damage caused %/ . _
extreme wind events is no longer assumed to occu .1.1.Scenario settings

Tablé&: Investment Costs (2026 to 2028)

INVESTMENTS PER HECTAR Cost (GEL/ha)
Clearing the territory from stones, shrubs, and remaining roots and stumps 3,000

Soil laboratoryanalysis 400

Soil primary tillage with deeploughingand harrowing 1,200

Drip Irrigation System Installation Costs 5,000

Fencing the Area for Restoration/Planting new windbreakers 7,000

Ploughingand Subsequent Harrowing al15m wide strips along the windbreaker for fire prevention 400

NUMBER OF INSTALLATIONS PER HA Costs per installations

One Agrometeorological Statiwitl be installed per 100a d protected landsAgrometeorological Static 48,000
measure (Wind Direction, Speed, Temperature, Humidity, Soil Moisture, etc.)

Camera for Monitoring of safety of plantations (Solar Panel and SIM supported), Installed on a Hi 2,500
One camera is needed per hectare of wind breaker.

PLANTING OF WINDBRE2&® trees will be planted per hectare of windbreaker) Cost (GEL/ha)
Cost for 2500 saplings per ha and for whole hectares of windbreakers (3 GEL each) 7,500

Cost for preparation of planting proceddentification of locations for planting, digging and prepara 2,500
of wholes, preplanting placement of seedlings in holes (preparing wholes and seedlings for planti
GEL each)

I KI' gl obal programme GPoHG o mido i eev & loap nod 1 27




ECONOMNVIDE EFFECTS OF CLIMATE CHANGE AND ADAPTATION IN GEORGIA
Assessing the Macroeconomic Impacts of Climate Change and Adaptation in Georgie with the e3.ge Model

Planting Seedlings (1 GEL each) 2,500

Purchase andhstallation of Support Stakes for Seedlings (1 GEL each) 2,500

ADMINISTRATION COSTS Cost (GEL/ha)

Preparation of Windbreak Restoration and Establishment Project/Plan 1,080

PUBLIC AWARENESS COSTS Number of farmers
Conducting awareness raisiagtivities on Windbreaks for 46 200 farmers (100 GEL each) 46,200

Source: Remissia (2825

Table: Operational Costs

COSTS BY LAND AGENCY/ MUNICIPALITY Cost (GEL/ha)

Monitoring and Evaluation of windbreaks witkethployee per 300 ha of windbreak strips with 18,00 60
annual gross salary.

WINDBREAK MAINTENANCE AND IRRES@iIy@Ene for the first 5 years Cost (GEL/ha)
Pruning and Shaping (Routine, Sanitary and Reconstruction) 500

Removal deadaplings and replanting new ones 1,133
Pathological Studies and Monitoring 50

Pest and Disease Control 400

Weed Control 400

Annual Irrigation Water Fee (Melioration) 75

Seasonal Irrigation Operational Costs (Electricity) 500
Maintenance Costs fdrrigation System 500

PROTECTION FROM FIRE, OVERGRAZING, AND CUTTING. CLIMATE AND REMOTE OBSE Cost (GEL/ha)
For Fire Preventiof?loughinca 1-1.5m Wide Strip Along the Windbreak and Subsequent Harrowin 400

Internet Subscription Fee for Camera 60

API annual fee for the weather station 20
Maintenance costs such as: cleaning, software update, replacement of batteries and isaseds. 50

Annual Subscription Fee for Satellite Monitoring System 15

Source: Remissia (2825

The aggregated values for the two regions analysed in
the CBA, Shida Kartli and Kakheti,sivewn inTable
0.
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Tabl®: Total investment and annual operatiorialyear 1 and 2, in both years 40% of the windbreak

costs are restored, in year 3 the remaining 20%. In line with

the CBA, we therefore assume a rapid restoration ¢

COSTS CATEGORY windbreaks. Windbreak maintenance and irrigatio

needs only be done for the first 5 years {2028).

VSIS | AR EeEe I (s elo ) €1 Further operational costs incur annually (2036).
COSTS (TOTA| agrometeorological stations and camer:

80.1 m GEL), public awareness and .
;dministrativ?e Egsté (1;\’4 m GEL) The last two assumptions about the tempora

Investment is distributed over 3 years allocation of investment expenditure and operationa
(40%, 40%, 20%). costs are then also reflected in the temporal course

. o the macr nomic effects.
OPERATIONAL Maintenance and irrigation (27.4 m GEl € macroeconomic etfects

COSTS for the first 5 years), monitoring and . Cley
(ANNUALLY) | evaluation (0.5 m GEL), protection and Tablel 0 Benefits ofriteabilitation of
remote observation (3.7 m GEL) windbreaks

Source: Own representation based on Remissia) (2025
BENEFITS

The CBA was carried out by Remissia for the two most Reduced loss of crop yields: 16%

vulnerable regions to higheed winds, Shida Kartli

and Kakheti. For both regions, a total of 7691.8 ha of Saving irrigation costs: 20

windbreaks are to Ipe restored a_nd maintaTma_d. Increased value of land: 1%.

upscale the analysis to the national level, it was

assumed that category 1 regions (wind speeds above $ource: Remissia (2825

m/s) will be restored, which corresponds to 11,914.14

ha. This results in total investment costs of 522 mThe benefits of the planted windbreaks begin to pa
GEL and annual operational costs of 48.9 rh f6E off 5 years after rehabilitation. For the sake of
the first five years and 6.5 m GEL foe fbllowing simplicity, it is assumed that this effect does no
years. further increase over timed1414 ha of windbreaks

_ ) _ _ protect 19294 ha agricultural land.
The costs associated with the investment in

windbreaks are distributed as follows: 70% from the

government, 20% from international organizations, _ _ _ _
and 10% from the private sectioris assume that The benefits of windbreaks differ depending on the

new equipment such as meteorological stations and"OP type. In the first phase of CRED, the following

cameras are investment goods that are mainl)penefits (increased crops yields from windbreaks p.a.)

imported from abroad. Expenditure on personnel and ere determined for the individual crops on the basi
administration, on the other hand, is recorded asOf literature research and expert meetings:
government consumption with a higher domestic

<hare irthe value chain. Tabld 1 Increased crop yields from windbrea

different crop types

The costs for maintenance and operation are
distributed as follows: It is assumed that initially the A maize: 18% A Potato: 15% Avegetables: 15%
government holds 90% of the windbreaks and the

private sector 10%. OvVer Awhéaimesn Arbdier@ropg 09wAehers:meesnt & s
woul d decrease while the private sectords invol
and ownership share would increase, it is assumed thak Barley: 25%

30% would be held by the state and 70% by the private

sector by 2050. The costs are accounted for as privaf@urce: see Flaute e(2022)

or public consumption and also distributed over time

based on these shares. Barley and fodder crops #hrerefore more vulnerable

to strong winds than other crops. Further benefits
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resulting from windbreaks, such as their potential forprice in the EU ETS is around 60 euros per ton of
carbon storage and sequestration are currently no€O..

included in the modelling but could have an additional

impact. Carbon storage could achieve a high value on

an (international) carbon market in theurky 5.1.2.Results
depending on the price of €@urrently, the carbon
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The macroeconomic effects of the climate changeagricultural imports and decrease GDP. Consumptio
scenario (wind damages on crop yisER 8.5 are expenditures of households and government and
shown as deviations from the reference scenario irgross fixed capital formation will be negatively
percent inFigurel9and in absolute terms figure impactedin absolute term&DP losses wijo up to
20 Climate change leads to crop losses due to heawfZ/ m GEL in 2050(resp.-0.18%) The highest
wind events and wind erosion. This will increasepercentage deviation@19% in 2032
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The macroeconomic effects of the adaptation scenariteading to investment in computer products and
(investing in and operation and maintenance of naturadervices. Additionally, drip irrigation systems ar
windbreaks) are shown as relative deviations from thenstalled, that are imported, which on the one hand
climate change scenario in percelitgare21land as require the local construction industry for installation
absolute deviations from the climate change scenariand on the other hand water fees need to be pai
in m GEL inFigure22 Public administration is also preparing allwaak
restoration and establishment plan and implementing
The investments in windbreaks imply preparation ofgccompanying awareness raising activities. Over time,
the soil and planting of seedlings, which is done by, qpitoring and maintenance activities will be carried
local workings providing agricultural services. Furtherout’ for which agricultural servidabpratonanalysis,
agrometeorological stations and cameras needed,, computer services will be needed.
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Figur@1 Adaptation Scen&ioP ImpactsRéhabilitation of Windbreaks (Compared to Climat
Change Scenario, in %)

Source: GWS based on e3ge
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Figur@2 Adaptation Scen&@P Impacts of Rehabilitation of Windbreaks (Compared to Climate
Change Scenario, in m GEL)

Source: GWS based on e3ge

The rehabilitation of windbreaks leads to an increasgovernment and gross fixed capital formation and
in consumption expenditures of households andhave a positive effect on GDP. Windbreaks lead also
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to higher crop yields, what reduces imports andso high that they better protect the fields and crop
increases GDPLhe highest percentage deviation  yields increase again. Crop imports start to decrease
GDP is 0368% in 203. In absolute ternthe highest 2031 due to higher domestic production and GDP and
GDP increases 472 m GEL in 2039. its domestic components are correspondingly highe

than in the climate change scenario. Treehigher

The GDP effects over time can be explained asciqp yields are primarily responsible for the positiv
follows: Over the course of the first 3 years show gpp effects.

additionally assumed adaptation investments, mainly
as government consumption, increase GDP. In theThe sectoral effects are similar for production and
following years, higher operating costs are stillemployment. Especially in agriculture and services,
incurreduntil the wind breaks have grown sufficiently, but also in the manufacturing and construction
which is reflected in a slight increase in governmensectors, there is an increase compared to the reference,
spending in the years 2029 to 2032. Thereafter, then the one hand due to the additional invesimiees
operating costs are significantly lower. below for more detail) and on the other hand due tg

_ _ ) _ the avoided damages in agriculture.
Crop yields will only begin to increase after 5 years,

when it is assumed that the wind breaks have grown

n
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Figur@4 Effects on production of Rehabilitation of Windbreaks (Compared3ceGhmaten@hange
GEL)

Source: GWS based on e3ge
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Figur@6 Rehabilitation of WindbrEaksloyed persons by economic activity and gender in 1,000
(20252050), male (left figure), female (right figure)

The implementation of the adaptation measure hadransportation sector. The additional employmen
also positive effects on employment, shown in Figuredecreases over time but remains clearly positive.

7. The effects are shown as absolute deviations from _

the climate change scenario (in 1,000 persons). Fdrositive macroeconomic effects result from two
example, up to 4,280 additional people can pedSsumptions and the transmission channels based on
empoyed in 2035. This corresponds to an increase ofhem: Firstly, adjustmer?t investments ar.e addi_ti_onal.
up to 0.2% in that year. This additional employmentwe assume that these investments are in addition fo

takes place in different economic sectors: on the on&XiSting expenditure and do not crowd out other
hand directly in the agricultural sector, but on the NVeStments. This can be justified on the one hand by

other hand also in public administration anthén high benefitost ratios of the adaptation measures, i.€.
they are at least partially financed by the positiv

)
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macroeconomic impact via higher GDP and the natural negative emissions option. This aspect is npt

associated government revenues. On the other handionsidered below but could have an additional
it can be assumed that at least some of the investmenisportant impact on GDP especially if carbon prices

will be paid for from international sources of climate are higher. To mitigate the climate change related risks

financing or economic cooperation in generahnlt ¢ of forest fires and forest disesisn Georgia, several

be assumed that at least some of the correspondingdaptation measures have been proposed. The

payments will be additional. If the adaptation following two scenarios are implemented:
investments are not additional in the sense described, _ _
there would be less of a positive macroeconomid’ Climate Change Scenario: Losses due to forest fir

effect, depending on what effect the croveed and forest diseases
mvestmen.t:.s WOUIC_’ have had. However, _th's can har?”%. Adaptation Scenario: Implementation of adaptatior
be quantified without a more detailed analysis.
Secondly, the adjustment measures have a positive
effect on agricultural production, which is also
reflected on the macroeconomic level.

development of firprotective roads, construction

monitoring system, the establishment of a
phytopathologicalnd biclaboratoryand capacity
building initiatives against forest diseases.

5.2.Forestry: Adaptation against forest Rehabilitation of previously damaged areas is also

fires and forest diseases part of the adaptation scenario.

1)

Forests are severely affected by climate change due € starting point for the scenario calculations is th
additional forest fires and diseases. It should be note#eferencescenario

that they also play an important role in climate

protection because healthy forests can store carbon to

a greater extent and therefore represeimportant ~ 5.2.1.Scenario settings
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Figur@7: Probability of occurrences for heatwaB/gs in SSP5

Source: GWS, baseddaata from EarthYield AdvisorigslZ 202%)

The damage caused by forest dise@idse much The adaptation scenario is based on two CBAs (fa
higher than the damage caused by forest fires. In 202%orest fires and forest diseases) carried out by Remiss
the ratio is 8:1, and in 2050 it will be as high as 17:1. and contains the following assumptions:

=

[

of water ponds against forest fires and a weather

measures such as a weather monitoring system,

a
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Tabld2 Investment Costs: Forest Fires

INVESTMENT COSTS: ADAPTATION AGAINST FOREST FIRES

SENSOR FOR MEASURING WEATHER /G(IARAVIETERS
COMPUTER

SOFTWARE FOR CALCULATION OF FIRE INDEX AND HEAT WA
DRONES

ARRANGEMENT OF FIRE PROTECTIVE ROADS 0.5 KM PER 100
ROAD PAYMERNHCHNIQUE

ARRANGEMENT OF WATER SOURCE FOR FIRE

FIRE PROTECTIVE CLOTHING AND EQUIPMENT

FIRE CARS

REHABILITATION OF AREAS DAMAGED BEFORE 2025

Source: Remissia (2625

Table.3 Operational Costs: Forest Fires

OPERATIONAL COSTS: ADAPTATION AGAINST FOREST FIRES

UNITS

14

14

9,048

45

25

UNITS

35,000

2,000
5,000
20,000
2,500
170,000
50,000
300

360,000

COSTS PER UNIT

(USD)

COSTS PER UNIT| COST

(USD)
245,000
28,000
70,000
60,000
22,620,000
510,000
300,000
7,500
1,080,000

15,475,000

CoSsT
(USD)

PERSONS SERVING THE MONITORING SYSTEM

PERSONS RESPONSIBLMPOR ORING OF FIRE PREVENTION
PROTOCOLS.

Source: Remissia (2025

Tabld 4 Investment Costs: Forest Diseases

INVESTMENT COSTS: ADAPTATION AGAINST FOREST FIRES

METEOROLOGICAL STATIONS FOR MONITORING OF HEAT WA
OTHER CLIMATIC PARAMETERS/INDEXES

COMPUTERS FOR ANALYSING MEASURED/MONITORED CLIMA

SOFTWARE FOR CALCULATION OF HEAT WAVE INDEX

ESTABLISHMENT OFHB/ABIOLABORATORY

CAPACITY BUILDING

REHABILITATION OF AREAS DAMAGED BEFORE 2025, 89140 H/

14

6

UNITS

12

10

10

89,140

12,000

12,000

COSTS PER UNIT

(USD)

35,000

2,000
5,000
400,000
1,000,000

5,000

168,000

72,000

cosT
(USD)

420,000

20,000
50,000
400,000
3,000,000

445,700,000
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Source: Remissia (2025b)

Tabld5 Operational Costs: Forest Diseases

OPERATIONAL COSTS: ADAPTATION AGAINST FOREST FIRES | UNITS COSTS PER UNIT| COST
(USD) (USD)

FULL INTEGRATED PEST MANAGEMENT 30,000 2,431,200
FORESTERSE ANNUAL SALARY ‘10 8,400 84,000
PERSONS SERVINGM@GHEITORING SYSTEM ‘ 10 20,000 200,000

Source: Remissia (2025b)

The CBA for forest fires was conducted by RemissiaThe CBA for forest diseases was conducted b
for the three most vulnerable regions Samtskhe Remissia for the three most vulnerable regions Adjar
Javakheti, Imereti, and Kakheti, covering a total aredmereti and Samegredemo Svaneti, covering a total

of 904,800 hectares, which equals 40% of total foresarea of 663,500 ha. In order to upscale the analysis
cover in Georgia. These three regions form thethe national level, it was assumed that catdgor

caegory 1 regions, which are particularly vulnerable toegions, covering an area of 1,352,700 ha, will &
damages. adapted.

The aggregated values for forest fires for the threél'he aggregated values for forest diseases for the tht
regions analysed in the CBA, Samidihakheti, regions analysed in the CBA, Adjara, Imereti an
Imereti, and Kakheti, asBown inTablel6 Samegreldemo Svaneti, are showrTiablel?7.

Tabld 6 Total investment and annual operational costs

COSTS CATEGORY

INVESTMENT COSTS (TOTAL| Sensors and computer technology, software and drones (2.6 m €Bkjruction of roads anc
water ponds (71.1 m GEL), fire protective equipment (0.02 m GEL), rehabilitation (44.3 n
Investment is distributed over 3 years (40%, 40%, 20%).

OPERATIONAL COSTS (ANNU labourcosts (0.7 m GEL)

Source: Owrnepresentation based on Remissia 2025

Tabld 7. Total investment and annual operational costs

COSTS CATEGORY

INVESTMENT COSTS (TOTAL)| Sensors and computer technology, software (1.4 m G&hgratory (1.1 m GEL), capacit
building (8.6 m GEL), rehabilitation (1274.7 m GEL). Investment is distributed over 3
(40%, 40%, 20%).

OPERATIONAL COSTS (ANNU, Labourcosts (7.8 m GEL).

Source: Own representation based on Remissib)(2025

e

ee
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. . . 0
The costs associated with the investments are 100 {%e benefitbeginto pay off from year 4 onwards (2028050
financed by government. Investment costs are

distributed over the respective years as follows: 40%ource: Remissia (2025b)

in year 1; 40% in year 2; 20% in year 3. Operational

costs are incurred annually from year 2 onwards (2026Since the losses due to forest diseases are much higher
than the losses due to forest fires, the majority of th

(4%

2050). . ) )
absolute loss reduction occurs with the diseases.
Reduced losses due to adaptation against forest fires: 70¢ 5.2.2.Results

Reduced losses due to adaptation against forest diseases
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Figur@8 GDP Impacts of Climate Change S&t&ris)(Compared to Reference, in %)

Source: GWS based on e3ge
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Figur@9 GDP Impacts of Climate Change S&t&ris)(Compared to Reference, in m GEL)

Source: GWS based on e3ge
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The macroeconomic effects of the adaptation The highest deviation in GDP-1s4% (resp1142 m
measures against forest fires and diseases are showrnGisL) in 2@6 Figure30, Figure32). The GDP effects
relative deviations from the climate change scenario imver time can be explained as follows: Over the course
percent irFigure30 (andFigure31only for the years  of the first 3 years additionally assumed adaptatign
20302050 to visualize these years more clearly) and asvestments increase GDP. From the second year,
absolute deviations from the climate change scenaribigher operating costs will be needed, mainly in the
in m GEL inFigure32 form of government consumption

The investments in adaptation contain the installationThe reduced forest damage after 4 to 6 years plays ohly
of monitoring and early warning systems includinga minor role at the macroeconomic level. This has t
sensors, computers, softwéboratorieand drones do with the limited value added of forestry. Forest
leading to investment in computer products and grow over the long term and wood can continue to b
services and scientific services. Further, theremoved from the stock. Above all, thesbalso acts
construction of roads and water ponds requiring theas a basis for natdrased services in the long term,
local construction industry. Capacity building is which have not been quantified, and could also b
implemented. Additionally, afforestation of ipxesty used as a carbon sink, which is not taken into account
damaged areas is conducted by local workersn the adaptation scenario.

providing agricultural services. _ ) _
It is noticeable that, according to the CBA,

Implementing the mentioned adaptation measures wilinvestments in the first few years are also very high In
lead to an increase in consumption expenditures ofmacroeconomic terms, which also has a strong effect
households and government and gross fixed capitabn GDP. Stretching the investments over the
formation and will have a positive effect on GDP. observation period would lead to a more even picture,
Lower damages reduce imports and increase GDPbutof course many losses would be reduced later.
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Figur&0 GDP impacts of Adaptation to Forest Fires afmbDisassE¥5 Scenario, %)

Source: GWS based on e3ge
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Figur81 GDP impacts of Adaptation to Forest Fires a(ubDisass€¥ Scenario,% 2030
2050)

Source: GWS based on e3ge
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Figur@2 GDP impactsfafaptation Eorest Fires and Diseases (co@@&ezhtrio, in m GEL)

Source: GWS based on e3ge

The sectoral effects are similar for produckauge For production, the effects are shown as relative
33 and Figure 34 and employmentFigure 35). deviations from the climate change scenario in % an
Especially in agriculture, forestry and fishing and inas absolute deviations from the climate chang
services, but also in the manufacturing andscenario in m GELThe highest deviationi422 m
construction sectors, there is an increase compared tGEL (resp. 1.4%) in 2026.

the reference, on the one hand due to the additional

investments (see below for more detail) antheon

other hand due to the avoided damages.
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