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Glossary okeyterms

The entries in this glossary are primarily taken or modifiedédfinitions provideith the Adaptation Gap

Report 2022AGR 2022pp. VIl -1X) published by the United Nations Environment PrograftdMEP).

Adaptation

The process of adjustment to actual or expected climate and its effects. In human syst
adaptation seeks to moderate or avoid harm or exploit beneficial opportunities. In som
natural systems, human intervention may facilitate adjustment to expectethtdi and its
effects (IPCC 2022a).

Adaptation costs

Costs of planning, preparing for, facilitating and implementing adaptation measures,
including transaction costs (IPCC 2007).

Carbon pricing

A climate policy tool that assigns a cost to carbon emissions to encourage reductions.
typically takes two forms:

Carbon tax: A direct tax on the carbon content of fossil fuels, setting a fixed price per
tonne of COemitted

Emissions trading system (ETS): Also known as a@agtrade system, it sets a cap on
total emissions and allows companies to buy or sell emission allowances under that c¢
letting the market determine the price of emissions

Climate action

Overall term for both climate adaptation and mitigation efforts.

Climate policy
recommendation

A policy recommendation outlines concrete steps for integrating appropriate policies ir
the political process. It combines aspects of the qualitative and quantitative policy
scenarios with the outcomes of macroeconomic modelling. Generally, it sete@ut t
evidencebased socieeconomic benefits of implementing sectoral climate
measures/actions for polieynakers.

Climate resilient
development

The process of implementing greenhouse gas (GHG) mitigation and adaptation meast
support sustainable development for all (IPCC 2022a).

Climate resilient
economic development

It mitigates the economic and social risks of climate change, harnesses economic
opportunities from adaptation action and thereby maintains economic development, wi
positive income and employment effects.

Cobenefit

A positive effect that a policy or measure aimed at one objective has on another objec
thereby increasing the total benefit to society or the environment (IPCC 2022a).

Cosébenefit analysis
(CBA)

Monetary assessment of negative and positive impacts associated with a given action.
enables the comparison of different interventions, investments or strategies and revea
how a given investment or policy effort pays off for a particular person, comgpa
country.

Dynamic/computable
general equilibrium mode

Dynamic/computable general equilibrium models consider the interaction between der
and supply. Model equations are derived from first principles to make explicit assumpt
about the behaviour of the main economic agents in the economy, i.e. households
businesses and the government.

e3 model

An e3 model is one that covers the demand and supply relationships of an economy a
main connections to the environment, i.e. the use of energy resources and the release
CQ emissions into the atmosphere. This integrated modelling approach based on the !
(energy, economy, emissions) in a single model framework ensures a consistent view
possible transition pathways. It enables macroeconomic and segtecific impacts tobe
calculated and conclusions to be drawn on social balance and ecolopeagfits.

Exposure

The presence of people, livelihoods, species or ecosystems, environmental functions,
services and resources, infrastructure or economic, social or cultural assets in places
settings that could be adversely affected (IPCC 2022a).
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Externality A negative/positive externality is a cost/benefit that affects a third party who did not choose to b
involved. An example of a negative externality is pollution from production harming nearby resic
and an example of a positive externality is renewalehergy that reduces pollution and mitigates
climate change, benefiting future generations.

Hazard The potential occurrence of a natural or humiaiduced physical event or trend that may cause los
of life, injury or other health impacts as well as damage and loss to property, infrastructure,
livelihoods, service provision, ecosystems and environmesgalurces (IPCC 2022a).

Impacts The consequences of realised risks on natural and human systems, where risks result from the
interactions of climaterelated hazards (including extreme weather and climate events), exposuri
and vulnerability. Impacts generally refer to effects on livesglihoods, health and wellbeing,
ecosystems and species, economic, social and cultural assets, services (including ecosystem
services) and infrastructure. Impacts may be referred to as consequences or outcomes and car
adverse or beneficial (IPCC 2022a).

Maladaptation Actions that may lead to increased risk of adverse climatdated outcomes, including via increase
vulnerability to climate change, diminished welfare or increased GHG emissions, now or in the -
Maladaptation is usually an unintended consequere€(Q 2022a).
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Executhveammary

This Handbook on Macroeconomic Modelling forT@éinMdegolian model was extended through a
Resiliencprovides guidance for designimpd Mmacroeconomic analysis of carbon pri@ng its
implementingechnical assistance on macroeconomifpacts on emissions and on the econevhife the
modelling to support climate resilieatonomic Models in Algeria, Uganda and Jordan were used
development in partner counstik outlines concrete analyse lowemission development pathways in the
steps for developing counsyecific, climatsensitive energy andransport sectorghis handbook provides
macroeconomic models and for building capacities @¢idance for designing an approach tieatelops
use the model to assess the impacts of climate chag@feacities to use macrmeemic modelling to support
on the national economy and to evaluate sgméoific climate resilient economic development.approach
adaptation anditigation measures that contribute to &£an be used by interested ministries, practitianers
climateresilient economythe handbookintroduces —development partners.

macroeconomic modelling as an instrument to assess .
the economyvide impacts of climate hazamtsd er?'e key advantages of the approacthatét

adaptationand mitigatiormeasuredt demonstrates \/ provides datadriven guidance for policyakers

such adNationalAdaptationPlans (NAPs)Nationally planningn the medium to lonigrm

DeterminedContributions (NDCs) longterm low-
emissionstrategiesand other national development V Drives climate action mainstreaming by fostering
plans By beingembedded within natiormalnistries of interministerial collaboration and sciépckcy
economy finance omlanning the enhanced models dialogue

facilitate thesystematiintegrationof climate aspects

into economicand financiaplanning The handbook V Ensure coherent climate policies by assessing th
summaseskey advantages, main stepstaniget and interactions of adaptation and mitigation measure
time estimatsfor modelling climate resilient economicv

Helps partners unlock climate finance and the
development

political will for reform by providing an evidence

The handbookds reflect dnmmme n RREEOR dgvglgpment opportunities and investmer
experiencgainedand lssons learned frothe Global potential
Programme onPolicy Advice forClimate Resilient
Economic Developmen{CRED) and the project
Policy Dialogue and Knowledge Managenment
Climate  Protection @tegies (DIAPOICE),
implemented bythe Deutsche Gesellschaft fur
Internationale Zusammenarbeit (GlZmbH on
behalf of the German Federal Ministry for the
Environment,Climate Action Nature Conservation
andNuclear SafetBMUKN) under the International v Contribues to crosssectoral and lorgrm
Climate Initiative (IKI)CRED piloted the approach of adaptatiorand mitigatiomplanning

using macroeconomic assessments for adaptation

planning in Georgia, Kazakhstaand Viet Nam V Facilitaés climate action mainstreaming by
between 2019 a2®25 Additionally the approach has engaging stakeholders from minist@gencies,
been upscaled in Mongplilordan, Uganda, Algeria  academiandnongovernmental institutions

and Nigeria by the DIAPOLCE project

Provides added value for policynakers by
unveiling the econonwide impacts of climate
hazards and investment in adaptation aation
the effects of carbon prices eancieeconomic
aspects, including revenue recydloyv funds
collected from carbon pricing are usedYhe
medium to long term

to

(42

—
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V Contributes to coherent climate policieby  The handbook provides general estimates on a potent

assessg the interactions of adaptation and timeline and expert days required for implengghe
mitigation measures (key traffs and synergiges) approach formodelling climate resilient economic
for examplequantifying the impact of adaptationdevelopmentand the key stepsin one or more
measures on the national GHG emission trajectocpuntrieslt proposegasks that should m®mpleted
for each key stefit also provides estingston the

V  Supporsaccess tolimatefinance expert days (both national and international experts are

To reap these benefits, we recommend the fouowirr]%quwedheeded to carry otitose tasks.

sevensteps the details owhich are set oun this  Taple1 below provides preliminaryoverview of the
handbook: sequencing of the stegSach of thesevensteps
involves severatasks which are describeddetail in
Chapters 1 to. A more detailed workplangeesented
in Table 2in the introductory chapter, whielhso
indicaesspecific subaskdor the different steps

Set ugheproject

Creat a climatesensitive macroeconomic model
Identify adaptatioar mitigationoptions

Assess adaptation mitigatioroptions

Select adaptatiam mitigatioroptions

Support implementation climateaction

Apply anmdependent model fatimateaction

NooaplrowbdpRE

Tabld: Overall workplan for developing and applying a macroeconomic model

Workplan 1é6 7€9 10612 1315 16218 1921 22624 2530

(month of project
implementation)

Step 1: Set up the project

Step 2: Create a
macroeconomic model

Step 3: Identify climate
measures

Step 4: Assess climate
measures

Step 5: Select climate
measures

Step 6: Support
implementation

al
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Step 7: Apply an independen
model

National expert (NE) days 952160 85145  80e125
(total 49%840)
International expert (IE) days 030 60295 652100

(total 43@&715)

The suggested project duration of 30 months is orifyaroughout project implementatjdhere are some
key success factors to keep in mind:

indicative Additional timemight be considerefbr
project preparation and closasgwell as fauppating
the implementation of concrete adaptation u
mitigation measuresDe pendi ng on
modelling capacitiesomestepscan be reduced or
omitted.We estimate that full implementation of the
seversteps would require suppanmounting t@95to

840 national expert days a#@D to 715 international
expert daydMore timemight be neededkpending on

the adaptation measures to be implemented and the

time framdor the respective policies

If macroeconomic modelling is to be implemented in

more than one country at the same time, less effort is

neededoer countryOn the one hand, administrative
processes, including procurement,
efficient for GIZ andon the other, a single servicel
provider covering multiple countries can work more
productivelyas crossountry learning and preparation

of information facilitates the provision of deliverables.

Specifically, fewer international expert days are neededidentification

per countryWe expect eeducton of around 20%n
international expert days for each additional country
covered by international expepioviding services
underthe sameontract.

t htae regpgngibjliiesf, gowernmental actwrfor

become more

NE:
20640
IE:
15630

15640 55295 752120  4%75 4580

856125 808135 65105 40865 35660

Maintain the political mandate: Cleaty defining

modelling analimate actiomlanningis key.To

thisend amemorandum ofinderstandingMoU)

with all the government institutiongnvolved,
establishintheir respective raa the activitycan
facilitateownershipAs theseresponsibilitiesnay
lie with different ministries orinstitutions it is

important to facilitatmterinstitutionatlialogugo

ensurethat those in charge of adaptatioor

mitigation planning understandand utilise

assessmentonductedwith the climatsensitive
macroeconomic model theirpolicymaking.

Identify key modellers and keep them
engaged: Holding a less technicalkick-off
workshopwith a broad audiente introducethe
different aspects of the activitiéacilitags the
of relevant stakeholders
Independent application and further developmen
of a climatesensitive macroeconomic model
requires irdepth understanding of the model
through participation in model builder training. To
ensure that the model can be independently appli€
after the proje@nd;, it is necessary to identify and
support key modelling experts who have the
requiredcapacity and mdate/political backing.

Invest in communication aimed at different
target groups: Macroeconomic assessments
involve many technicasuesand it istherefore
important to clearlpdaptcommunication about
the model, its results and its valitbtyhe target
group (e.g. poliapakers vs modelling experts).

d
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INTRODUCTIERNW TO USE THIS HANDBOOK

This handbook provideguidancefor development
cooperation projects that supporeasures aimed at WhydOWG nee_d tostrengthel
strengtheningapacities for climate resilient economicapaCﬂIeS forclimate
development. It presents an approach and concr IR
steps to desigctivitieshat build capacity for assessinjl éS”IenCQ
the impacts of climate chargethe national economy  climate resiliencetiscoming increasingly important as
and  evaluatingsectorspecific and economywide  ¢jimate risks intensify due to anthropogenic climat
adaptatiorand mitigatioomeasures that contribute to change The 2022 Sixth Assessment Report of the
climate resilience. lintroduces macroeconomic  |ntergovernmental Panel on Climate ChatR@Qq
modelling as an instrument to assess the economy - ARe) describe detailhow the risks of climate change
wide impacts of climate hazardsand adaptation  ~qouid unfold over the course of the centdykey
and mitigation measures Transitional risks are not conceptis emission scenariosow described irthe
an explicit part of thecope of thenodelling but should  ghared Socieconomic Pathwa (SSPspuilding on
be considered throughout the whole procebs. the older Representative Concentration Pathways
handbook builds on the expadegainedandlessons  (Rcp) In this handbogkoth concepts are usddhe
learned fromthe IKI 8 &lobal ProgrammeCRED,  |pcc figure below Figure ) showsthe emission
which piloted the approacinvolving the usedf  trajectoriesassociatedvith the SSPs. For economic
macroeconomic assessments for adaptation planningssessments of climate chatige full spectrum of
Georgia, Kazakhstan and \Netm between 2019 and yisjs should be considerddcludingat least one severe
205! and the project DIAPOLCE? which  ang one less sevalanatescenarioScenario analysis
implemented modelling activitiesAlgeria, Jordan, s an established tool for strategic planning and
MongoliaNigeriaandUganda increasingly applied to climate risk managérgat
translatiorof climate hazard scenario® economic
risks iddescribedurther inChapter2.

1 For an overview on the Global Programme CRED and knowledge products on its wéthsite//seen.giz.de/en/projects/policadviceclimate
resilienteconomiadevelopment

2 For an overview on the DIAPGCE project and knowledge productsitsmvebsite seénttps://www.giz.de/en/worldwide/123695.html

3 See, for example, Task Force on Clinetaiged Financial Disclosures (TCFD) Knowledge HubUse of Scenario Analysis in Disclosure of Glimate
related Risks and Opportunities

11%]
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Future emissions cause future additional warming, with total warming
dominated by past and future CO, emissions

(a) Future annual emissions of CO; (left) and of a subset of key non-CO, drivers (right), across five illustrative scenarios

Carbon dioxide (GtCO,/yr) Selected contributors to non-CO, GHGs
Methane (MtCH./yr)
140
800 SSP3-7.0
S5P5-8.5 600
120 400 SSP5-8.5
—— S5P2-4.5
200 SSP1-2.6
100 0 55P1-1.9
2015 2050 2100
80 s5p370 Nitrous oxide (MtN,O/yr)
SSP3-7.0
40 SSP5-8.5
_ $5P2-4.5
SSP1-2.6
SSP1-1.9
40 0
2015 2050 2100
20 One air pollutant and contributor to aerosols
S5P2-4.5 Sulphur dioxide (MtSO,/yr)
0 120
S5P1-2.6 20
SSP3-7.0
SSP1-1.9
-20 - )
2015 2050 2100 40 cepinz
SSP1-1.9
0 SSP1-2.6

2015 2050 2100

(b) Contribution to global surface temperature increase from different emissions, with a dominant role of CO, emissions
Change in global surface temperature in 2081-2100 relative to 1850-1%00 (°C)

SSP1-1.9 SSP1-2.6 SSP2-4.5 SSP3-7.0 SSP5-8.5
°C °C °C °C °C
[} 6 6 6 6
5 5 5 5 5
4 4 4 4 4
3 3 3 3 3
2 2 2 2 2
1 i I 1 i 1 I 1 i 1 i
0 . == 0 i = 0 I = 0 0 F
=l =l =4l =4l , =]
| | |
Total CO, Non-CO., Aerosols Total CO, Non-CO, Aerosols Total CO, Non-CO, Aerosols Total CO, Non-CO, Aerosols Total CO, Non-CO, Aerosols
(observed) GHGs ~ land use (observed) GHGs  Land use (observed) GHGs  Land use (observed) GHGs  Land use (observed) GHGs  Land use

Total warming (observed warming to date in darker shade), warming from CO,, warming from non-CO, GHGs and cooling from changes in aerosols and land use

Figuréd.: Climate change scenarios atitdRIG(Q to
Source: IPC2022)
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Risks are increasing with every increment of warming

a) High risks are now assessed to occur at lower global warming levels

risk is the potential for

adverse consequences
Global surface temperature change Global Reasons for Concern (RFCs) g q

relative to 18501900 in AR5 (2014) vs. AR6 (2022)

§Cs
very high

ﬂﬂ(l‘} Q V‘(‘: resents TI"F

4 unc "A ranges for hiah
the lowL nd h|9h — 9
emissions scenarios

3

2 o

Risk/impact

- Very high
- High
: Moderate
: Undetectable
- ™. ‘ Transition range

. Confidence level

1 i T = T assigned to
__\/J\/\/ H ¢ J transition range
0 “’L an 1850 H; 0 - - . .« o E §
AR5 AR6 AR5 ARG AR5 AR6 AR5 ARG AR5 AR6 Low » Very high
1 Unique & Extreme Distribution Global Large scale .
B reatened weathe ) a eqat inqular At ¥
1950 2000 2015 2050 2100 threatened weather of impacts aggregate singular i midpoint of transition

systems events mpacts events

Figur@: Key risks amésons éoncern accordithglRCC
Source: IPCQR®3

The impacts of climate change can be reduced w@limate resilience is a comprehensive emerging concg
effective adaptation action. However, as the AGR 202@d development paradigm that not only involves
stresses, 6[g]l obal e f dlimatet aglaptation butaatb@ imitigatiOn. a globalp |
financing and implementation continue to makscale, resilience can only be achieved if emissions
incremental progress but fail to keep pace witleduced rapidlyn other wordsgclimate adaptation
increa i ng climate ri skso seékat@iReviatrtite zy2Znptomsof.anthropbldgical
presenting key reasons for concern from the IPC&imate change while climate mitigation tackles
ARG6. AsFigure Zhows, all climate scenarios (i.e. S3Re root causes by facilitating GHG emission
scenarios) that do not involve rapid and ‘soglke reduction.Therefore in addition to the analysis of
GHG emission reductions result in high risks. climate adaptation measureslimatesensitive
modadlingallowsthe impact of carbon pricingeasure

With the current pace @fcrease iIGHG emissioB  , the economy tbe evaluated in order to provate
per year(as of 2024)many countries will face overall view of climate action.

significantclimateinduced impacts that scientists are
only beginning to understand in terms of severity aWdith strong climate changepacts expectedn

timing, as risks are also cascading and compotindingconomic growth and development, it becomes

_ . - imperative to include a leteym economic perspective
According to the IPC@cJlimateresilientlevelopment ;. adaptation planning and risk managenie.
integrates adaptation measures and their enably; ning and implementation of adaptation measure
conditions with mitigation to advance sustainab. cusing only on sheterm, incremental effeasuld
development for @{IPCC 2022). Additionally, the  e5It in maladaptatiomhichincreases vulnerability in
IPCC defines adaptatiodn human systems, #®  he |ong term. In this context, climasensitive

process of adjustment to actual or expected climate 4-r0economic modelling  provides important
its effectsn orderto moderate harm ¢ake advantage information to put different sectoral actions into

of beneficial opportunitig$PCC 2028). contextandselecthemost beneficialimate measise

4 Cascading and compounding risks refer to amplification effects resulting from interdependencies between sysystesiaraf sobpled natural and
socieeconomic systems in response to changes and feedback loops. The combined effects ofriessmsting dnportant but complex;
macroeconomic analysis can support the assessment by taking into aecouritmoa t i ¢ ri sks. See, for exampl e
change impacts and implicationso. Climate Risk Management, Vol .

D
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With adequate data inpotacroeconomic models can For the adaptation padf the model the approach
also assefiseinteractions of adaptation and mitigatiorpresented isxamined againgte set of key principles
measures (key tradifs and synergies) Quantifying identified in UNEPS AGR (seeAdaptation Gap Report
the impact ofadaptationmeasure®n the national 2023: Underfinanced. Underprepared. Inadequate
GHG emissiortrajectory Investment and Planning on Climate Adaptation
Leaves World Exposkdf implemented successfully
The approach presented in this handbook aims {0, roeconomic modelling has the potential to
providepractical recommendatioas how €conomic  conripyte to several of these principlésparticularly
modelling carbe usedasa tool to supportlimate |gjeyan for integration with development strategies,
adaptatiomnd mitigatioplanning in partner countries. {hejntegration of scientific knowledge into adaptation

Ultimately the success of such efforts depends Ofanning, avoahce ofmaladaptation and a systematic
effective integration within the broadimate action .o4,,ction of the drivers of vulnerapitiy tacklinghe

agenda in partner countries. economic root causes, sucheavyreliance omighly
vulnerableconomicsectors.

Box1. Best adaptation practice according to the AGR 2022, 2023 and 2024 and links to the clim3

resilient economic modelling approach

Indicators for best practices according to the AGR 2022, 2023 and 2024:

> Genuine inclusion of stakeholders, local communities, women and marginalised groups (e.g. indige
peoples) into decisiemaking and cedevelopment of adaptation planning and implementation to reflec
differing values, perspectives and interests and proel equitable, fair and just adaptation outcomes

o Limited: The climate resilient economic modelling approach supports inclusion of economic, finan
and private sector stakeholders. Its focus on linking adaptation with economic development sho
be used to include marginalised groups.

> Transparency, accountability and predictability of support and integration of adaptation into natiol
development priorities, strategies and the Sustainable Development Goals (SDGS)

o Key: The climate resilient economic modelling approach is instrumental in achieving this integrati
Linkages to SDGs can be achieved with more comprehensive macroeconomic models that expl
inform national SDG indicators (e.g. by expanding the semdmomic part of the model).

> Flexible programming and adaptative management of implementation to consider feedback and learr
and to enhance efficiencies

o Limited, but the modelling approach enables the engagement of stakeholders in sectoral adaptai
actions and enhances efficiencies with regard to public benefits.

> Investment in local capabilities, capacity development and democratic governance structures in sup
of climate risk management and empowerment for kiegn sustainability

o0 Key: Itis a systematic capacity development approach that improves adaptation governance structi
through the multistakeholder cooperation it necessarily entails.

> Consideration of future risks, including climate trajectories and uncertainties, to minimise unintenc
consequences and maladaptation while enhancing adaptation ambition. Greater consideratiol
compounding, accelerating and cascading impacts of congfileate risks.

o Key: The modelling approach provides evidence to scrutinise intersectoral dynamics and a
maladaptation. Adaptation ambition is enhanced by exposing economic benefits.
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> Integration of local, traditional, indigenous and scientific knowledge into design, implementation, ¢
monitoring and evaluation to enhance kinyand ownership

o Limited: It mainly concerns the integration of scientific, economic and sectoral knowledge.

> Tackling inequalities and structural drivers of vulnerability in addition to reducing exposure and/
vulnerabilities to climate hazards to embark on climate resilient development pathways

0 Key: The macroeconomic scenarios expose economic structures and identify transformations rec
to structurally reduce vulnerability and support resilience. The extent to which social inequalities a
addressed depends on the scope of the model (venyjtdichin the current version). It is also a
systematic approach for assessing the effects of the structural transformation of the national econol
on a countryEs vulnerability/climate risk p
etranasfoemadaptati onE, which is intentional
vulnerable economic sectors or regions.

The targeted outcomis to provide methods and

Learnlng from a pllOtMOde”mg instruments to anay and plan climate resilient

climate resilient economic economic  development. This also supports
implementation of the adaptation components oOf
development NDCs. The outcome wdmked to three different
Responding to the increasing need for climaf/Puts,namelycapacity developmergolicy advice
resilience, GIZ has been actively supporting evidenégd the dissemination of resudsliustrated irrigure
based policgnaking on adaptation to climate change a&PeloW.
the national levéh partner countriesThis approach
has been piloted by tBMUKN through various GIZ
initiatives.

When developing climate adaptation strategies, seve
aspects need to be considered Kigpee 34 Starting
with climate risk assessments to identify relevar

Countryspecific macroeconomic models have bedipZards, a sectoral impact analysis highlights how t
developed together with national partireesnumber €conomy may be affected, while the subseque
of countriesincluding Georgi&azakhstarMongolia, ©CONomic assessment shows consequences g
Viet Nam and Nigeria These models provide keyopportunities for markets that decisioakers qause
information for policynakerstl)the modelling results for further planning.

show how different climate hazards impact the

economy up to the year 20&fd (2) economywide

effects of investments in different adaptatieasure

are assessed. Thiakes it possibte compare a set of

adaptation measures and idemtifich onegor which

combination) contribat the most to economic

development. For example, the energy sector in

Kazakhstan is affected by heatwaves which increase

electricity demand for cooling and limit electricity

generation from hydropowerdathhermoelectric power

plants. Therefore, it is beneficial to combine adaptation

and mitigatiomeasuredin this case, energy efficiency

measures and wind power expan$ido maintain

energy security (GIZ02L).
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Methods for assessing and planning climate-resilient economic development

Macroeconomic Policy Knowledge
modelling advice exchange

Demand-oriented

Capacity development and evidence-based policy International and national
recommendations for exchange on approach,
economic development results and lesson learnt
strategies
Technical: Human:
Models Training

Figur&: Outcome and outputs of the CRED programme

Source©Own illustration

Sectoral Impact and Decision Support

Risk Assessments Economic Assessments

Adaptation Systems
Hazard Agriculture Macroeconomics Further analysis
* Which hazards are  How will crops/ livestock be * How will global markets and » How will governments/
likely? impacted? socio-economics respond? households/ businesses respand?
* How frequent? = What crop varieties adapt best * How can these inform the = Stakeholder consultations
* How intense under future climate conditions? selection of measures and policies | | * Collaborative decision making
(strength and for adaptation?
duration)? Water Supply Assessing options
* Multiple/ compound * How will water supply be Economic incentives = Which adaptation options are the:
hazards? impacted? * How do hazards impact insurance o best value for money?
* What is the premiums? o most effective?
combined impact of Ecosystems + What economic strategies can be o most flexible under
multiple hazards? : ) adopted to support the uptake of uncertainty?
= How will ecosystem services . .
i~ adaptation measures by different
Vulnerability adapt to climate change? groups?
= Who is vulnerable? Health
= How will the enviranment
respond? = What are the impacts on public

health?
Exposure

* Where will a hazard likely ocour?

Figurd: Considerations for developing climate adaptation strategies

SourceEuropean Commissi@a02)
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Climatemitigation € Economic
consideratios

Countries that arégmatoresto the Paris Agreement

havecommitted to significant emission reductions t%ppropriateregulatory framewarkand tax revenues

contribute tahegoalof limiting global warmirtg well
below 2°C above préndustrial levelsAmbitious

NDCsto the Paris Agreement need to be aligned wilthyironmental aspecBneeffective toofor achieving

national economic and policy plaviedellingallows

governments tanake decisions based on quantitativg ;s assessidthe modelling approach.

analysis when comparing the effects of diffément
carbonpolicymeasurgon economic growth and job
creation.Different types of mitigation policiend
sectors with mitigation potential can asessed in
economic modsi

>
describes policy actitor theimplementation of a
carbon tax or an ETS

policies, for example increasednvestment in

renewable energy or new legal standards in energy
efficiency can be defined with stakeholders a

assessed in terntf emission reduction and

economic impacts compared to a baseline scenaf@Silient economicdevelopment

Transport policy: Scenarios with different
transport policie$or exampleincreased uptake of
electric vehicles or investmenpublic transport
measurg such agrapid) bus systerostranms

Why do we need to align economic development
with emission reduction and just transition
targets?

Climate  mitigation  practicesoften involve
transformation aspects that may initiadlye higher
investment costsThe energy system needs bi®
changedo implemendifferentelectricityproduction
and distributionsystemsHigher energyprices would
affect lowetincome householdsnore than other
groups therefore just transitionefforts should be
considered.

In Mongoliathe modellingapproach was extended by

analysing how thetroductionof carbon pricingvould
impactthe realeconomyover the next decadédore
specificallythe scenarios that have been develop
jointly with national stakeholders consider a carbon
on the energgnd industry sec®IThe resultsxdicate

Carbon pricing: Development of a scenario thatg|| threecountries the analysis assesseti only the

Energy policy: Scenarios with different energy (BAU)scenario

that even in Mongolia, a country with vast cheap co:
resources, ehintroduction of a carbon taguid lead

not only to aeduction iINGHG emissioabut also to

an increas in gross domestic productGDP).
However, the governmenimust egablish an

should be used optimally to allow for an effeatide
just transition that considerscsal, economicand

ajust transition ia lumpsum return per capjtahich

In Ugandaand Algeriathe economic effects of
increased renewable eneayyd energy efficiency
measures were assessed in amdal In Jordanthe

economic effecdf different transport policies in the
capital city of Ammaand nationdf were assessed. In

economic impacts of selected measures but also th
impacts on emissions compared to a busasessial

Mbjectiveof modellingclimate

This handbook aim# provide policymakersand
practitionersvith practical and structured guidelines on
how to create a counispecific climatesensitive
macroeconomic model and btfildcapacitiesequired
to use and further develop the modd. a esult,
national policynakers and economists gain technica
expertise on macroeconomic models and strateg
capabilities for lorgerm policy planning. Moreover, as
a key feature, theapacity developmermipproach
specificallyaims to givemodel buildershe abilityto
independently refine and adapt national climate

sensitive macroeconomic models to include future

exogenous shocks and other unforeseen circumstanc
An importantbenefit of macroeconomic modelliag
that it permits thilentiication ofthelongterm direct,
indirect, induced and overall semionomic impacts
resulting from the implementation of adaptaton
mitigation measures undeongoing climate crisis
conditions National ministry policymakerscan use
tgese results tdeterminewhich policy meaures(or
Tombination of measurgspvide the modienefits for
t%xe whole economy in theediumto longterm

D
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In additionthechances of receiving climate finance fofrhe severstep approach foclimate resilience is
implementation might increase if pefigkers back divided intothree distinct phasdshown below in
their fundingapplications up with robust and scienceFigure %

basedjuantitativenodelling results.
> Phase 1 (bly&eps 1 to 3): Establising the basis

The macroeconomienodelsare designed to inform for supportingcountryspecificclimateactionwith
policy decisions at the national level by improving the macroeconomic model& key step iglentifying
information basis with lostgrm estimats on key economic sectors that are mafééctedy climate
economic indicators. While therinciple of impactsand those that aremitting the most
integrating climate risks and the (economic) GHGs. This is based on a systematic review o
benefits of adaptation  measures into sectoral and regional data pastand ongoing

macroeconomic modelds the same across all partner  economic damages frotimae changeand an
countries, the underlying models differ. In Kazakhstan analysis ofiational GHGinventoriesin addition
Georgia and Mongolia €3 (economy, energy, nationapriority climate measwsareidentified for
emissiony models were use@ called e3.kz in subsequenh-depthassessmest
Kazakhstare3.gen Georgisand e3.min Mongoliad

while partners in Vie¥am and Nigerieopted for a > Phase 2 (orang&ep 4: Modellingeconomywide

dynamicor computableyeneral equilibriufDGE or and sectoespecificeffects ofclimatehazardsand

CGE) model. The specific mechanisms and data analysisof consumer behavin especiallywith

requirements underlying the modebtset outin the regard toGHG-intensive goodée.g. energgnd

CRED Global Repor{GIZ 2023b) alongwith a transport It also involves thesystematic

technical summary of the models. evaluation ofinvestment inthe priority climate
measureidentified

Rather than providirgdetailed model descriptiortgst
handbookfocuseson how technical assistance and> Phase 3 (greer8eps 5 to 7): Combining he

international projects can be structundtht resources modelling resultsof selected measuresith
arerequiredandwhichaspectsarecriticalto achieing additional information for comprehensive
impact.Accordinglyit sets outa pragmatiseverstep guidanceon climate resiliencenplementation is

approachdetailing the key requirements for supporting supported by using the systematieconomic
climate action planning with macroeconomic models. evaluationincludingimprovedunderstanding of

Starting from the use casan help development investment andclimate finance needsor
practitionerdo design their own projedts climate adaptation and mitigation Monitoring and
sensitive macroeconomic modelling in the most evaluation ofclimate action is improved by
efficient way. The handbook is a first stepructumg considering the economic effects of adaptatid
practical insightsom pilotingthe approachas input mitigation which suppors the identification of

for thisemerging fieldzach chapter of the handbook additional new measures to enable climate resilie
highlightsthe relevance of macroeconomic moitels economic development

supporting adaptation planniagd summass key

steps fororganisingcapacity developmetd enable

project partnes to use economic models

independently.

f
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Figur&: Macroeconomic modelling in the
adaptation policy cycle

SourceBasedn European Commissiqg02)

dent ) ",
1.Project
iometup

2Creating a
macroeconomieg
model H

5.Sel ect
oocl i maptei

i mate measur

Macroeconom
't model bfng
adaptation options

For each of these key steps of adaptatidmitigation C The macroeconomicmodelling approach
planningthe handbook witlutline presentedis unique in its focus on climate
risks, adaptation, prospectsfor the real
> The added value afmacroeconomiperspective economy andcapacity developmento enable
on climate change independent modellingby experts in the

: : . artner countries
> Possiblecapacity developmeneéeds anguitable P

approaches The handbooks generic bustreses key areas whére
) ) iscruciako adjustcertainaspect$o specifiaational or
> Resources required to implement the approach jgqionagircumstanceeg. conduct a baseliseidyon
terms of international and national ex®pUt  oconomic modetat the outse}. Futureprojectsusing
(including estimation of expert daysd time o roeconomic modelsill be differenteach time
requiredor key eps) depending on the coupexposure talimate change
impacts economic structurepartner setip ard
availablefunding Readers arencourage to share
experiencesvith a view teontributngto an improved
updatedrersion(this is already the second versiimg

> Requirecengagement of key stakeholtieenable AdaptationCommunityweb portaprovides a valuable
thecreation of macroeconomic modelstaedise ~ SPace for exchange inisthegard (Climate Change
of results in adaptation planning processes Adaptationd Adaptation CommunityA designated

subpage on the Adaptation Community web portal

The approach presented in the handbook contributésatures the handbook as well as other knowledg

to the broadeclimaterisk managemereffort with a  products and country experiences from the GIZ CRED

specific instrument (macroeconomic models) that a&d DIAPOL-CE programmeg&conomics of Climate

open to a broad range of interfaces and developmeutaptation Adaptation Community

objectives (disaster risk management, climate finance

andinsurancgn particular). The approach thus aligns

with the efforts of the Global Risk Modelling Alliance

(GRMA), the Network for Greeninghe Financial

SystemNGFS) and other initiatives.

> Templatedor terms of referenc@oR) for work
packagedo be tendered outls used byGlZ
projecs (only accessiblgathe GI1Z intrane)

e
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OVGFVIGW Of tlme“ne and eXpertprocurement, become more efficient for GdAdon

dayS I’eCIUired the other, a single service provider covering multipl
countries can work more productivay/crossountry

The handbook also provides general estimates Ofe&rning and preparation of informatiadilitates the

potential timeline and expert days requited provision of deliverables. Specifically, fewer

implement the CRED approach mothercountry o international expert dayer countryare needed in this
groupof countriesA typical implementation time of 30 ;55¢

months is assumedFor eachkey stepthe handbook
indicategasksthatshouldbe carried out angrovides The workplan inTable 2showsonly the external
estimagson thenumber ofexpert days (both national support potentially needed. It does not list personne
and international experts are requinee@ded to requiremerst for the project management unit
performthose taskd.ables are provided at the end ofimplementing the project. In terms of permanent staff
each chaptershowing this informationTable 2 there should be at least one-tinlle person in each
provides aletailedbverview of the sequencing of thecountry facilitating the activities. Additional support
stepsand suktasksincluding the potential expert daysfrom headquartsr is also needed to arrange
required If macroeconomic modelling is to becontractingdeal withreporting and facilitatearning
implemented in more than one country at the sana@d exchange, in particulathen more than one
time,less effort is needgér country country is involved. It is suggested that one perso
from headquartemanage the implementation tbe
macroeconomic model ane or twocountries. This
will ensureghecomprehensive anddepth application
of the approach.

Table: Detailed workplan for developing and applying a macroeconomic model

Workplan for developing and applying a macroeconomic model for adaptation planning in one country

NE = National expert days (estimated); |IE = International expert days (estimated)

Workplan
(month of project 1é6 7€9 10e12 1315 1618 1921 22624 2530
implementation)
. . NE: 7@110
Step 1: Set up the project IE: G15

Task 1.1: Establish higlevel |NE: 1820
political mandate IE: 0

Task 1.2: Build network with |NE: 2@30
key national partners IE: @5

Task 1.3: Conduct baseline |NE: 3@40
study on existing models IE: @5

Task 1.4: Organise workshop INE: 1820
on model type and scope IE: @5

5 It could certainlyake longefe.g. 48 month#)more supporis provided t@ppy macroeconomic models for decigioaking 30 month<ould therefore
be considered the lower bound. It might also be pdssibigplementatioto be faster if there lisss capacity developmétaweverfor the sake of
simplicitythe handbook presents an average case, which needs to be tailored to specific requirements.

On the one hand, administrative processes, including

[¢2)
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Workplan for developing and applying a macroeconomic model for adaptation planning in one country
NE = National expert days (estimated); IE = International expert days (estimated)

Workplan
(month of project 1é6 7€9 10e12 13¢15 1618 1%21 22624 25630
implementation)

Task 1.5 Tender out support

Step 2: Create a climate
sensitive macroeconomic
model

Task 2.1: Identify
macroeconomic model
Task 2.2: Collect economic
data

Task 2.3: Set up and calibratt
macroeconomic model

Task 2.4: Carry out capacity
development

Task 2.5: Review economic
risks from climate change

Task 2.6: Identify key
vulnerabilities and hazards

Task 2.7: Model climate haza
scenarios

Task 2.8: Conduct assessme
of economic damage

Task 2.9: Integrate damage
functions into model

Step 3: Identify climate
measures

Task 3.1: Identify priority
adaptation measures

Task 3.2.1: Compile data on
priority adaptation measures

Task 3.2.2: Compile data on
priority mitigation measures

Step 4: Assess climate
measures

Task 4.1.1: Integrate adaptati
measures into model
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Workplan for developing and applying a macroeconomic model for adaptation planning in one country
NE = National expert days (estimated); IE = International expert days (estimated)

Workplan
(month of project 1€6 7€9 10e12 13¢15 1618 1%21 22624 25630

implementation)

Task 4.1.2: Integrate mitigatic
measures into model

Task 4.2: Model
macroeconomic impacts

Step 5: Select climate
measures

Task 5.1: Translate results in
recommendations

Task 5.2: Integrate modelling
results into planning

Step 6: Support
implementation of climate
measures

Task 6.1: Establish stakeholc
interfaces for results

Task 6.2: Build linkages with
budget and climate finance

Task 6.3: Develop financing
proposals

Step 7: Apply an independen
model for adaptation action

Task 7.1: Expand adaptation
indicators for monitoring
resilience

Task 7.2: Prepare for updatin
model

Task 7.3: Officially hand over
model to partner institution

National expert (NE) days

(total: 495:840) 95160 85145 802125 1540 5595 7%120 4575 4580
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1 SETTING UP THE PROJECT

o> By This chapter

AWhat is climate r¢
mi tigatidn all abc

2Creating a A Which cooperation
macr oec ol c needed for macroec
model

assesstments

6.
il mpl eimen

A Where t?20 start

Ti menput require:
up 6tmmnt hs
70110ational exper
0-15 nternational e»

Macr oecone
mo d e lolfi ncgl i
measur es

When seting up a project to support 4 9 Egtablisting a highlevel

adaptatiofmitigation planningwith macroeconomic

modelling,it is essentiato prepare the grountbr political mandate

tangibleclimateaction. This includeke following
Macroeconomic models can play an importantrrole

U Establish a higlevel political mandate for achieing climate resilient economic development
climateaction(e.gMoU, kick-off workshop) because thegnablepartner countries to credteeir
) _ _ _ own countryspecific evidence base on the economig
G Build a network with key national actors  penefits of climate action The ability of the
. - macroeconomic approatthsupport national debates
U Conduct a baseline study on existing economic - app PP
) with better evidenceeeds to be understood by
modelling approaches . . .
decisiormakers in partner countries éosurefull
i Organigaworkshop on model type and SCopé)wn.ershlp and hlglgyel backingTherefore, it iof
key importanceto initiate a stakeholder engagement
U Tenderout international support for project processearlyon to share this knowledgead clarify
implementation related questions

This chapter provides an overviewlmse steps. Quccessfly seting up a stakeholder engagement
process to guidand use macroeconomic modelling
depends on establishing strong ownerghignsure
that climate action, especialyaptationis integrated
into existing institutional frameworks and the national
planning procesdhis is discussed in detail the
practitione®guideUsing Climate Economic Modelling
for Sustainable Economic Developmwehiich sets out
key entry points for macroeconomic models to support
adaptation planning.
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Box 2. Entry point for establishing a political mandate

Importance of a higlevel political mandate

The political mandate for macroeconomic modelling supporting climate action is a key factor in ensuring owne
and the effective implementation of activities. The mandate should be established within the ministry that le
on the economic assessment dimate impacts for the country. This will help to establish a clear vision for a
national climate process, direct the mainstreaming agenda, foster leadership and ensure stakeholder particip
Many of the subsequent e n wisiop and ocommitment td enpaxcing itsalimate
capacity.

Source: G14202H)

To achieve clear political mandateeimplementing Implementation requirements and estimated
organisation and its partner organisatibosld set up expert days

a joint steeringody atheoutsetto enable the various
partners needed fomacroeconomianodelling to _ _ _
interact efficientlyWithin the steerindody; it is esUmgtedOtg 20 daysre rgqU|red3rocg§s gwdgnce
recommended thakpertsvork on aommonstrategy from international experts is also advisabielation
whichstipulates who the owner of the macroeconomf@ the identification of relevant decismakers and
modelis and which additional stakeholdams touse ~ POlICY processes

the model for polieynaking The strategyshould

further clarifythe contributiors of the different experts

Support from national experts is advisexhd an

and institutioninvolvedto the process 1.2 Build ng a network with
Sepsto beconsideredbr ensuring partner ownership key national actors
> Set up a joint steeribgdy Ensuring that the results from macroeconomic

modelling are included inclimate actiondecision
> Formulaea joint strategy for implementation making processes requéfertsto becoordinatd and

aligredacross different actors, sectors and governang
> Develop a capacity development strategy levels This iscrucial for successful implementation
because the process requireisvorksand exchanges
among national experts andillingness and ability to
Mol (Mol templatp cooperate andnake progressbasedon a common

Thesesteps are further discussed in the technicdfound of understanding. This includes:
section(i.e.Sectiorn2.2on how to set up the model). _
Setting up &lear cooperatioand ownership strategy
ensures the independent refinement and use of the
models after therojectand smooth interoperability > The ability térameclimateactionwithin longterm
with existing structures. Accordingly, an agreement (e.9. political planning

MoU) should specify thall work on and use dhe

models will be carried out jointly with the partner and Detailed knowledge of themtry pointfor usng

that all results of the collaboration will remain in the modelingresults to infornpolicy processrelated
possession of the partner. to longterm strategiesincluding NDCs and
NAPs

> Discuss andstablistownership of the model &

A common understanding of climate and socio
economic datand results from the modelling

e
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A compehensiveverviewon the mainstreaming of  In addition, stakeholder dialogues should complemer
modelling results into policy in Kazakhstan is this process to determine the policy and/or researc
availablenere It explainshow to createan enabling questions the model shoatitiress

environment foclimateadaptatiorby clearly defining
the interfaces between different actéisy action
points are:

>

Implementation requirements and estimated
expert days

To effectively set up networksis important to have a
solid overview of thestakeholdersinvolved and
understand the potential contributions  of
macroeconomic modelling in this context. A study by
national expertse(g.20 to 30 expert days) on the
existing network angblicyentry points is advised. A
method for understanding entry points was developed
by the International Institutefor Sustainable
Developmentl(SD) underthe CRED project and is
availabléere 0 Modelling capacities including the number

1.3 Conduahg a baseline concerned
Study on existing economic o Inventory of available data for
delli h macroeconomic modelling includingboth
moae Ing approac es domestic and international dalanate, socio
Beforeor at thestartof the projecta baseline study is economic and biophysicafiddata processing
recommended tmentify whicheconomic modelare capacities
alreadybeingusel by potential partner organisations Entry points for modelling results to inform

and to review their relevaa for macroeconomic
analys d climate actian

Themain components of thiaseline studyg establish
existing modelling capacities includérmation
gathered through quantitative and qualitative
Raising awareness of current and future climaagsessment methodsich asurveg and interviews
change impacts on strategic economic sectors among decisiemakerswith the aimof providng a
detailed overviewf existing methods and instruments
Overcoming existing sildsetweengovernment currently used for andlys and planning, the
ministries and actors in different sectors, includingmpetenciefr conductinganalyses, data availability
economic planning, budgeting and environmentahd requirements. It identifies gaps and meé¢eisns
policymaking of support measurethereby forring the bais for

o formulaing an effective and targetedapacity
Utilisng and establishinglatforms for cross developmenstrategy.

sectoral coordination on adaptation

For the preparatiorof the modelbaseline study, the
Producing and sharing relevant climate data aﬂqmwing tasks need to Iperformed(supported by
information national expernts

Strengthening financing to plan, design ang Identify key stakeholders and entry
implement adaptation measures points/ national policy processegclimate policy
including NDC implementation, other initiatives
related to building climate resilience and/or
increasing modelling capacities)

Draft a questionnaire and an interview guide
(partly adapted to the key stakeholders identified
to capture:

o Existing methods and instruments (e.qg.
biophysical and macroeconomic models) use
for macroeconomic forecastand their
upgrading potential

of people working on economic modelling full
time or partime etc. inthe departments

climateaction in key sectors

~"
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This

assessment shouldlso cover datasets Allfindings should be summarisedbaseline report

concerning the impacts of climate changén the and made available to the implementing organisation
country includingor example: inform the decision on the modelling approtch

(0]

N ) ~ adopt and determine capacity development
Value additiorby sector and region, existing requirementsSee alsthenext step.
climate impact projectionsycial accounting

matrix, relevant data on social vulnerahbititly Implementation requirements and estimated
other forecasting data expert days

Water resources and land use data Conducting the baselirudy is a crucial stepn
_ - buildinga common understanding of a suitable model

Economic value of specific land uses anfgjicy entry pointdor adaptation action anthe
impact channels for extreme weather evenigyyeholdersvolved At leasB0to 40national expert
(EWES), such afroughtsandflooding days should be allocafedthis taskTheinvolvement

of international expert® inform the desigrf the
baseline studgnd discuseesultscouldrequire up to
five days

Past weather and climg@gamageyataand
projections

Domestic GHG inventory (emissisn by

sector) Draft ToR for conductig a baseline assessmamd

examples ofbaseline sties from the CRED project

The assessmenshould also consider relevant are providedn the DMS folder for Chapter 1(GIZ
institutions and their role and mandate in data access only)

collection, processingand provision, and available

capacities such as the ministriessponsible for the

economy, finance planning, environment, climate, 1.4 Organimg a WOI’kShOp on

naturalresourcesnd agriculture the Department of

Meteorologyndthe Statistics Office model type and scope

(0]

Inventory of relevant institutions (ministry ~ Based on theesults of the baseline stiayreliminary
of economy anglanningandnational research dnodel focusworkshog should be convenedwvith
institutes) and their existing capacities to apphprtnersto achievea common understanding of what
and process integrated modeid upgrading expectationghere areregardinga macroeconomic
needsThe mandate and responsibilities of themodeland what type of modés suitablefor the
institutions to conduct modelling activitiescountry The outcomescan be used as input for
according to relevant regulations and curre§€signing theubsequenstepsand in particularfor
cooperation mechanisms  (interministeridhe final decisioan modeltype(seeChapter2).
working groups etc.) should also be

. Implementation requirements and estimated
considered b q

expert days

Overview of the communication of
modelling results This should detail how
when andby whomthe results of national
economic modelling activitiesould be
communicated to decisiomakers and other
relevant stakeholders.

This step complements tlaetivities undertakeio
ensure ownership andhe relevance of the
macroeconomic modelling efforts. Support from
national expertsfor technical preparation and
networking mightequirearound 10 to 20 days.If
possible, it is advisable toincorpora¢ some
international expert inpudt this stagdo support
identification bthe model type and scope

o
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The process shown ifrigure 6 explains how

1.5 Tendeng out Support for consultantsshould collaborate to support political

prOjeCt implementation partners in developingffective actionable and
evidencéased climate adaption policldss includes

The implementation of a capacidlevelopment . eqtingadaptation policy scewaiibincludeboth
programmeon macroeconomic modelling for climate

2 ) ) ualitative and quantitative components, including
resilience is not part of the standard portfolio of mo%‘

_ onadevel _ - acroeconomic modelling results. Based on thes
Internationaklevelopment cooperati@ngansations.  goonarios,  consultants formulaaelaptation policy
It is therefore advised to start tendering out the

) ) : recommendations and project idbzhrmitiae
international support required for the subsequent steps .. . ) _ .
: pecific financing options for their implementation.
early on Most of the subsequent stegs$ ot in the . . . .
. : . The process is cyclical and relies on close cooperati
handbook require the active involvement of . . .
: . . . amongpolitical partners, poliegakers and technical
international expertsyho can be included in the . o
. . . experts, with eactep building on the outcomes of the
projectthroughan international tender. Exansptif

ToR developed for the CRED projéttthe pasare previous phase.
providedhere(GIZ access onlyHowevergiven the

lessons leaed from implementationby GIZ, a

restructuring of the work packages is suggested

explainedn this handboak

Awareness Raising Policy Track Technical Track
Demand for analysis — clarifying scope for Quantification and cost-benefit assessment —
policy proposals: translation into measurable economic terms
a. Identiﬁ_cation of_need for analysis Draft Policy Scenario a. Collaporation _wi?h local consultants
b. Selection of policy proposals b. Scoping of existing data
c. Development of policy scenario ? c. Collection of additional data
Ministry

Pro_c_esses of ﬁ of Environment/ Climate

po!ltlcal parlpers . 2 .:::::. (_ Line Ministries - @ Economy

National economic and adaptation Ministry / Institute Model

planning, budget planning of Economy

2

PIETEEELS (O FITETEhY = Enhanced Policy Scenario

facilitation of decision making:

Incorporation of data into the
Climate Economy Model

a. Formulation of policy recommendations a. Modelling economy-wide impacts of

b. Development of concrete financing options climate change and policy scenario

c. Integration in national policies and strategies b. Stakeholder consultation on results
and implementation of policies

[
|

Figuré: Policy scenario process

Source: Own illustration

)
e
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STEP-BY-STEP GUIDE
STEP 16 ldentification STEP 36 Macroeconomicassessment

i. Identification of analysiseeds The process begins Macroeconomic  modelling:  The international
with the identifcation ofneed in terms oktvidence modellingconsultant incorporates the collected data
based analysis of ongoing national climate adaptatioto the climatéeconomymodel, which measures the
efforts and budget plannideed maybe articulated broader economic effects and doshefit outcomes of
by political or international partners or be identifiethesectoral adaptation measuré{s¢ model evaluates
through national strategies or prioritigstermining the financial implications of proposed policies,

this demand forms the foundation for developingonsidering both public investment and their potential

adaptation policy scenarios to leverage private sector investment. The results fro
the model, combined with theectoralCBA, are

ii. Selection of sectoral adaptation measures: Once goenpiled into theuantitative adaptation suaitgrio

area of support has been defined, the internatiorgid/or adaptatiompolicy recommendatioAs with the

policy advice consultant and local consultantfalitative scenario, the results are presented

collaborate to identify specifisectoral adaptatiogtakeholders and political partners for discussion ar

measunes analysis. These measures should be largelidation.

scale projects with significant econande impacts.

They should aim to enhance cismstoral value STEP 486 Recommendations

creation, strengthen climate resilience and promete job

rich economic growth. i. Formulation of adaptation policy recommendations
The finaked adaptation policy scenarievhich

ii. Development of a qualitative adaptation policincorporatesboth the qualitative and quantitative

scenario: After identifying thsectoral adaptation componentsincluding the macroeconomic modelling

measure(sthe international policy advice consultantesults, is used to formulatdaptation policy

prepares gualitative adaptation policy, seeicario recommendationsThese can be aligned with initial

describes the selected measure(s) and specifies RRiitical processes, ensuring a continuous an

requirements for quantifying impacts and CBA. THategrated approach to policy development. The

scenario is then presented to relevant stakeholders iRtgrnational policy advice consultant takes the lead

consultation session to receive feedback and refine #@fting the final recommendations.

analysis.
ii. Projectideanotes: For selecteatlaptation policy

STEP 28 Quantification recommendatian the international financing
consultant identifies and develops concrete financin
Quantification: Thequalitative adaptation policy options in the form oproject idea ndtesse notes
scenarids translated into measurable economic ternpsovide comprehensive, actionable financing solution
by the international modelling consultant in incorporating domestic, international and private
collaboration with local consultants. This step involvéighding sources. Theare designed to align with
quantifying the impacts of theectoral adaptation domestic policies and frameworks and be
measure(s)often throughsector&@BAs Additional implementatiomeady
data is collected to feed into ttematéeconomy
model. For further information omow to translate lii. Implementation inclimate adaptation policy
adaptation policy scenarios into economic terms aRtking: The political partner can use the policy

prepare a sectoral CB#&eSection3.2.1 recommendations together with phieject idea notes
to driveeffectiveactionablandevidencédased policy

making. This ensures that the adaptation strategies :
not only scientifically robust but also financially anc
politically viable for implementation.

m

[o
d

n
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Implementation requirement and estimated The tables at the end of each chagenot liststaff
expert days requiremersfor the project management uttieyjust

specifythe additional external support needed. AS
No external supportecessary suggestedbovethere should be at least one-ioile

Table 3below summases the key steps suggested foi‘zrds_qn IT each ;:ountr:y ;acmtgtlngll the zcgvmes.
getting starteith setingupthe projectlt requiresome Itional support from headquastiralso needed to

international expert days prior to the lagge arrange contractindeal withreporting and facilitat

tenderingout of international supporfTésk 5) for learning .an.d e>|<ch§1nge, partltyrjliarmore Fhar;] OnC(:aRE[
creating themodel and translating results into country is involved, as was the case in the

adaptation action. The support in mertto 6 should project.
be arranged unddifferentterms as it ismore shor
term and exploraty in scope.

Table3: Key steps for projapasdjetting started
Workplan (month of project implementatior 1é6 7€9 10812 1315 16218 19821 22624 2530

Task 1: Establish higavel political mandate | NE:
10620
IE:
0

Task 2: Build network with key national NE:

partners 20630
IE:
05

Task 3: Conduct baseline study on existin¢ NE:
models 30e40
IE:
0e5
Task 4: Organise workshop on model type | NE:
scope 10e20
IE:
0e5
Task 5: Tender out support NE:

IE:
National expert (NE) days (totaEZ00) 70110

International expert (IE) days (tot&ll8) 0e15

Note:The figuresefer tothesystematic applicationtbe CRED approach in one counfffe required time and expert ddgpend greatly
on national circumstanc&heseare rough estimegonly. Formultiplecountriesscale effects do applyhenimplemergdin x countries
requirementmultiply by less than x). Additional project management costs and overheads are not included.
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2 CREATING A MACROECONOMIC MODEL

L
Independent
model
plication

1. Project
setup

2. Creating a |
macroeconomic
model '

6.
| Implementability

3. Identifying
climate )
measures

5. Selecting
: climate
., measures |,

. Assessing"
climate
measures
Macroeconomic
modelling of climate
measures

s

Once thggroundhas been preparéat climate action
planning and the tender process fanternational
supporthasbeensuccessfullgompleteda country

specific macroeconomic model can be develkesd
steps includ#he following

U Set up a countrgpecific macroeconomic vulnerability and exposurd.e( the population

model

U Conduct capacity development for the

applcation and us of the macroeconomic grjving climate risk<Only the combination of ¢se

model
U Modelclimate hazard scenarios

U IncorporaéGHG emissionand consumption
behaviour

This chapter explains:

*  What are economic risks from
climate change?

* How to build a macroeconomic
model?

* How to assess climate hazards?

* How to integrate climate hazards
into an economic model ?

Time/ input required:
up to 24 months
125-250 national expert days
220-340 international expert days

Background on assessing
climate risks

For any economic assessment of climsks two
strands of information are criticlt) economic

workforce, economic sectors, assets and infrastructu
affectedl and(2) the climate hazards (increadeWEs
and slow onsetevents such assealevel increase)

factorsprovidesa systematic understanding of the risks
posed by climate change. Thadssthe key approach
followed by the IPC@r risk assessment

re
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Disaster

1

CLIMATE Vulnerability DEVELOPMENT

Disaster Risk
Management

Climate Change
Adaptation

Natural
Variability
Weather and q
Climate DISASTER

Events RISK
Anthropogenic
Climate Change

—

Greenhouse Gas Emissions

Figur@. Comprehensive climate risk framework
Source: IPCR02)

Understanding economic resilience requires Aasystematic understanding of climate risks is needs
systematic assessment of what constitutes a climzeause estineak adaptation costs are rapidly
hazard for a given national economy. A key added valuereasing.Table 4 shows current estimas on

of the CRED approach ikdt itprovides an analytical adaptatiortoss for developing countries. It compares
framework for the systematic integration of botliguresfrom the AGR 2024and the IPCC \Wking
economic vulnerability and relevant climate hazar@roup Il 6 Impacts, Adaptation andvulnerability
Instead of assessing climate change as a general shifP@C AR6). The tableunderlineghe highdegree of
climatic and ecological parameters, the approach isutwertaintygbouttheannual costhat could occuaind
focus on climatic changdabat are economically the corresponding need to have couspgcific
relevantthat is those posinghe most significant risk assessments.

from the perspective of the national economy.

Thereforejt complementshe ecologicgberspective

whichfocuseson theinteractions of natural systems to

providea compreherige climate change assessment.

The hazard analysis from an economic perspective

builds on studiesf climate and ecological change and

provides a analysiswith a focuson economic

implications byranslangthe climatenduced changes

into potential effectsnthe economic system asutial

welfare.

Tablel: Estimatechaual cost of adaptation for developing countries

AGR $130 billion - $415 billion/year $315 billion - $565 billion/year
$15 billion - $411 billion/year S47 billion - $1.088 billion/year
LU (Median $127 billion/year) (Median $295 billion/year)

SourcetUNEP (2022)UNEP (2023and UNEP (2024)
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Policymakers need reliable economic models tg

Settmg upa Cogntryspecmc anticipate climate impacts awstimate measwse
macroeconomic model Deciding on effective direct economic policies and

fiscal policy instruments to enhance climate resilien¢

This section providéackground on Macroeconomic 544 reduce emissiorieen becomes a lot easier.

models and related capadgvelopmentincludng  |nformed decisiomaking can increastmate action
guidelines on how beso conduct training and capacities andlecreasethe vulnerabilities of the
coachingon model building {e. the process of - 5 n ¢congndy and population.

adjusting and developithg model) and modade (i.e.

the process of applying the modéf).provides A recent comprehensive desk review for threfean
practitioners with the key informattorconsidewhen  Commission developed an adaptation modellin
seting up a countrgpecific macroeconomic modeltypology, whichincludesclimate system modelling,
and enables them tanitiate the data collection hazard, exposure and vulnerability modebind
processeghat form the basis for robust, country sectoral and economicmodels for impact and
specific climate risk assessment. The process aflaptation assessment (fgare §. Results from
integrating climateisks into the macroeconomic sector models and analyses are used as inputs into
models is described iBection 4.3 This section macroeconomic modedsldressed ithis report. The
describethe procesef setingup a model. modeland itsresults will be complemented by other
techniques and information available in piener
countriesA more indegh technical discussi@gan be
found in the CRED Global Repdf®|Z 2023b)

2.1 Identifyinga suitable
macroeconomic modé&br The macroeconomic models developed under th

CRED programme were constructed in such a way &
the partnef cou ntry to incorporate countigpecific inputs (e.g. hazard
assessments and sectoral analyses) to provide cohe
evaluation for poliesnaking. The CRED approach is
depcted inFigure Delow.

A first task in séhg up a suitable macroeconomic
modelis to establista commonunderstanding of the
type and scope of the modebllowing the model
focus workshopmentionedin Sectionl1.4 a final
decision should be majbintly withthe stakeholders
involved The following provides background
informationon macroeconomic modelBhe climate
sensitive modelling approach developed by GIZ is
modetagnostic, meaning it is compatible with any
macroeconomic model. This flexibility allows it to
adapt well to countigpecific contexts.

Macroeconomic  model are  welkstablished
instruments used by ministries responsible for
economic planningndhavegreatpotential toinform
actionable, evidenbased policymaking aimed at
enhancing economic resilience. Macroeconomic
modelgeplicateéhe structure of a national econamy
simplified terms demonstratinghe dynamics and
relationkips between and within sectdrsis enables
them to deliver (simplified) analyses on the
development of key economic indicatasch as
employment, GDP, prices, consumption and
productivity.

e
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Climate system

Climate modelling (for
EGETELTT)

Climate models which

provide inputs or risk,
impact and adaptation
assessments.

Environmental system
Social-Economic system

Models

Hazard, exposure and
vulnerability modelling

Models and techniques
which utilise climate
variables to develop

climate risk assessments.
These provide inputs
further processed by
impact models such as
crop and energy models,
detailed under sectoral
models for impact and
adaptation assessment'.

Country specific input

Sectoral models for
impact and adaptation
assessment

These models process
.hazard, exposure and
vulnerability modelling’
outputs to guantify the
impact of climate change
on sectors that provide
essential services to
society, the environment
and the economy. These
can support identifiying
adaptation options.

Figurd: Adaptatiamodellingpology

Source: Own illustration basedsamopean Commissig¢@02)

Economic models for
impacts and adapation
assessment

Top-down macro-
economic models inform
the choice of adaptation

measures, or mix of
measures and policies,
often under substantial
and non-reducible, deep
uncertainty. Other

economic assessments
test strategies to support
the uptake of adaptation

measures

Macroeconomic model

Other techniques

Futher analysis, using
qualitative or semi-
qualitative techniques,
that support adaptation
assessments.

Policy Integration

How to use the
information (principles
and methods)

Scrutiny of analytical
.conceptual frameworks"
and of methodologies
that substantiate them in
adaptation analyses.

DATA

) RESULTS

analyse adaptation
scenarios:
economy-wide and
indirect effects

pOLICY ) FINANCING '
4 /

financing adaptation:
facilitate investments and
climate-sensitive budget
allocation

) MODEL

macro-economic model:
country specific and
dynamic vulnerability

policy integration:
incorporate results into
national and sectoral
policies

collect data sets:
economic and climate
hazard data

Gacegia GDP { current USS,

Figur®: Key steps of the CRED approach

Source: Own illustration

GlZ has supported the developmentwb different
kinds of macroeconomic models:

0 Macroeconometric (dynamiguidoutput modes
(called e3 models)

LW\‘\.ML'H“HHMH\!LU\

|])

|

U DGE/CGE modes

Inputdoutput models anay the interdependencies
betweernthedifferent sectors of an economy. They use
inputdoutput tables to track how outputs from one

i
\r

=
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industry serve as inputs for another, showing the fld8ehaviaral parameters are calibrated with literature
of goods and services. Developed by Wassily Leontieflues for a base year in such a way that key variah
these models assume constant production coefficiersie well represented iratlyear. The models assume
making them useful fanalysingegconomic impast immediate substitution and price adjustnaet they
and sectoral dependencies aewdaluatingpolides  do notconsidehistorical time.

However, they do not account for price changes, o
technological progress or leegn adjustments. The setup and calibration of the model depends on
which type is chosembased on existing modelling

DGE/CGE models describmarketequilibriums that capacities and available data. A comparison of the tv
are combined with theneoclassicaleconomic approaches can be found in the CRED Global Repor
assumptios of optimisingagents under scarcity of (GIZ 2023b) The tabldelowprovidesa summary of
supply (i.e. laboandland. Representative householdskey points

and companies optisi their benefit or profit.

Tablé: Keyharacteristicsadels

Time horizon + Short run *  Short-, medium-, and long-run

Substitution * Not possible in traditional model * Possible

Mathematical complexity + Linear/ simple * Nonlinear/ advanced

Model type + Partial economic analysis + General equilibrium (system) effects

Supply side * Lack of resource constraints * Handles supply constraints

Sector interdependencies * Accounted for via technical coefficients = Accounted for via (cross-elasticities)

Resilience * Generally, under recognized *  Primarily price mechanism

Estimation accuracy * Overestimation of disaster impact * Underestimation of disaster impact

Strengths *  Flexibility to account for deviations from perfect * Market driven approaches to climate action and its effects
market conditions for markets and sectors & assessment of multiple policies

Weaknesses * Availability of time series high quality data needed + Effects of policy measures only on highly aggregated level

+ Challenge to portray micro-economic dynamics + Transition costs tend to be underestimated

+ Not suited to analyse the impacts on non-market goods

SourceOwn compilatiorbased ofKoks et al. (201@ndEuropean Commission (2021

Macroeconometric e3 models Ministry of Economy and Sustainable Development
supported by the Institute of Economic Structures
In AlgeriaJordanGeorgiakazakhstarMongoliaand  Research (GWSI). contains three interlinked model
Uganda the GIZ  projecs  supported o (1jhe economianodule (2)the energy module
macroeconometric €3 models built in Microsoft Excel,, (3)the emissions module. The abbreviati®
The CRED project also developed a prototype modglnotes the country (Georgia). The economic part @
that can be presente teaser trainin@ventsto e e3 ge model is a macroeconometric (dynami
provide potentially interested countries with ahpuBoutput model. This model structure allows
introductionto what such models are (see here fogimate change effects okey macroeconomic
details b the e3 prototype model developed in indicators such asGDP and employmento be

cooperation with partners from Mongplidhe  yeterminedndtheeffects on emissiotsbe analysed
prototype is built on economic datathat is

internationally availabier many national ecomies  Furthermore, the model is capadfi@uantifyng the
and can provide a first impressidrihe potential of economywide effects of different adaptation measures
the model to assess climate risks with a viewto developingadaptation strategies that

] _ ensurethe sustainable development of the economy
In the case of Georgia, @& .genacroeconomic model The structure of the e3 masletieveloped for

has been developed in cooperatidnt h t h e I@a?ak'hgtéaﬁdyl\/rbﬁgoliéas similar

Y
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POLICY VARIABLE S, EXPERT INFORMATION

':".... ...\\\ FOREEN THADE m

..\\-..\_'_/; 'l' T
@ ENERGY
; FINAL DEMAND SUPPLY
= i
B — E
2 INTE RME DIATE ENERGY <
2 DEMAND TRAN SITION H
E — o
-3
= ENERGY -+
< _
z PRODUCTION DE MAND
UNIT COSTS PRICES
Input-0uiput-Table, Nafional E conomicmodel
Accounts
Energy balance covering D ssil fuels and E nergy module

renewable energy, energy prces

FigurdQ The e3.ge modelling approach
Source: Own figure based on G{&®2

DGE and CGEmodels

In Viet Nam, Jordan andNigeria DGE and CGE Additionally different productiwtratesare considered
mode$ have beendeveloped and usdd the case of across sectgrmaking it possibleto understand how
VietNam GIZ, in cooperation with the Halle Institute each of them evolves in the presence of varying clima
for Economic Research (IWHupportedhe Central circumstances.

Institute for Economic Management (CIEM)

develoing the DGESCRED model to predicthe To consider the impact of climate change, the mode

sectoral and regional economic effects of climaf§eS Sectespecific and regiorspecific  damage
change on the Vietnamese econoryfurther details functions thatquantify &ects onlabar and capital
on the technical structure of the modwmle the productivity.Climate variables and weather extremes

Technical Bport The model differentiates betwéies impact production at the regional and sectoral level
c 0 u n tegiondamd sectors to replicate wgying For instance, cyclones can destroy the capital stock us

climatic conditions idifferent part®f VietNam. in the construction sectdeading to two possible
outcomes:companiesmay substitute capital with

increased labo or they may lay off workers who
become unproductive in the absence of maghi

te
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= Provides capital
and labour
* Receivesincome

Climate variables

arectproducthty o 4 Representative
sectoral preduction Firms in household
thi h d "
e oS Production |
in Imports and exports
Trade of bonds
Climate
variables < Provid Taxes
Fln:II good o | B Rest of and
ﬂ @ producer s the world subsidies
Imports and exports
Production Trade of bonds
+ Temperature 1] region R L, R
+ Wind speed - i
Pros pee | N sector K| > T National
. pitation ———— government
+ Sea level

» Invests in adaption
* Collects taxes
- Pays subsidies

Figurdl DGESCRED modelling approach iNafiet

Source: Own illustration

In Jordan, the CGE model (Jorlskvas used to Potential tradeffs also become evident through
simulate policy measures in the transport sector and thacroeconomic models, thgigingpolicymakers the
resulting effects on emissions and the economy. dpportunity to make informed pglidecisiondVhat is
Nigeria, the CGE model was used to assess two cras®re, climatesensitive macroeconomic models
cutting scenarios, looking both at mitigation anbecome increasingly importantevaluahg climate
adaptation in diversifying theoaomy and increasing change policie§heyprovide a single framewdide
the resilience of the agricultural sector. Both modeéigegraing climate changelated issues in order to
were developed by the Centre of Policy Studies and analyse not only the direct impacts but also the indirec
similar to the MONASHmModel developed and usedinduced and total soes@onomic impacts of both
for the Australian economy. climate hazards and adaptation.

The models providea countnspecific modelling When decding which type of modeto develop
platform to bring togetheamll relevant national data stakeholders should consider the type paolicy
concerning climate risk©©nce the models are questions the modeised taanswer. In the context of
calibratedhey can be used to conduct scenario analyie GIZ projecs and adaptation consideratioribe

on climate risks amtimate measwsé¢se€haptedfor  macroeconomic modedse designed tanswertwo
details). In summatihere are two key steps climate types of questi@nin particular

adaptation(1) model how different climate hazards

impact the econonily the longermby using past data i Questions on economic vulnerability to climate
whichis extrapolatedor exampleyp to the year 2050 change (Q1):

and (2) evaluate the economywide effects of
investment in different adaptationeasur® This
makes it possibleo compare a set of adaptation
measures and identifywvhich ones (or which
combination)are especially beneficial faronomic
development.

Looking at the next 30 yeamgw does a
specific climate hazard (e.g. increasingly
severe droughts)impact the national
economy (including jobs and GDPand

6 The MONASHmodel

~—t
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economic sectors and athintersectoral However, it should be kept in mindthat
dynamicsaretriggeed? macroeconomic modeglgist like any other model,
represent a simplification of readityd that theyare
o Which climate hazards will likely harm thgaceq on a set of assumptions about future
national economy the most in the I8101? ey elopmentsTherefore the quality of the modelling
resultdepend®n the quality athe datausedand the

u uestions on the benefitsprofitability of .
Q b Y robustness of the assumptions.

investment in adaptation measures (Q2):

o Looking at the next 30 years, howeso It should also be noted thatacroeconomic models
y ’ %her tharthose applied in the CRED projeotld be

investment in a specific adaptation measu . . L .
o P P used This is an emerging fighahd it will be important
(e.g. irrigation systems) reduce the economiC

risks ofthat climate hazard and potentiallyi[0 systgmatlcallyem:for gurrent best solutions applied
. . in the field Oneinteresting exampiethe GEMMES
unlock economic opportunities? model

0 What are the macroeconomic implications o|I__
. . 0
this adaptation measure compared to
scenario without investment in adaptediah
what is the effect on G2missions?

r the design of thetakeholdeengagemenand
ownership structureexisting international guidelines
and criteria should be considered. For exatingléy
principles for improving the support to strategic energ
o Which investments lead to the highesplanning in developing and emerging economie
economywide benefits? provide a usefulramewok. Another platformthat
discussscriteria for modéngin the context opublic
This enable partner countries totegrate climate  policy suppdris theU4RIA forum The focusof the
risks into macroeconomic models and thereby UA4RIA principles isn mitigationbut they also apply
improve adaptation planning The assessment of to modellingadaptationFor macr@conomic mods!

mitigation measureis more about Q2, aboutthe  relating toadaptationthe criteriget out below came
economywide benefits of investmentsand the considered

potential to redudB8HG emissions.

Box 3. Modelling principles

> The model should bepen sourcand countryspecific, and the development of the enhanced model shou
be based on existing models already being used by the partner institution.

> The model enables thestimation of sectoral climate change impéctsluding value addition) and the effects
of plausible adaptation measures in terms of reducing climate chamiated impacts.

> The model shouldse available datar data that can be collected within the scope of the project, covering
recent and past EWEs and chronic changes.

> The model enables thi#evelopment of sectgpecific policy implicatiorfer policy- makers (including but not
limited to NDC implementation and the NAP process).

> The model should be designed in a way thatsures its continued use after the project etaksng into
account the capacities of partner institutions and guaranteeing full ownership of the software license by
partner institutions.

7 Exampleof an intersectoral effect caused by a climate hazeagdsing droughts result in lower agricultural production (direct effect), which then leads
production losses in secteteh asood production othechemical industrgs they rely on the agricultural sector.

[
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Implementation requirement and estimated
expert days

The decision on which model to deveispasen
previous studies on existing models @olity entry
points The modeldevelopersrom the institution
acting as the model ownshould take the final
decision.National expert€an provide support by
discussing findings from thaseline studgroundto

10 days). nternational expertcan support the
discussion by contribog lessons leaga
internationallyand presentinghe key aspects to be
consideredaround 30 10 days)

2.2 Collecting data for a
robust macroeconomic
model

Data cobction can staih parallel during theodel
setup phaseClimatesensitive macroeconomiodels
are based on the following data:

Historical macroeconomic data: GDP,
imports/exports, price of goods and services,

consumption, employment, gross fixed capitgle collection ofobust and validatethtais a crucial

formation and labour market annual national
inputdoutput tables providing sectoral data

Economic growth forecasigrowth rates and
population forecasts)

Energy andGHG emission datgenergy balances,
energyrelated C@emissionandenergy prices)

Consumption behaviour(price elasticity of
different goods)

Historical climate change effec(data on
occurrencanddamageincluding economic haym

based on SSP scenarios

CBAs ofsectorahdaptation measures

For the data collection process, cooperation wiidentified during model sap, resulting in new data
national partner institutions is essential. They providellection, data verificatiatc.

the necessary economic datde extenpossible.

Projected climate hazard occurrence and intensily,ieq outin cooperationwith international experts

If national data is not available, internationaisiata
alternative.

As already noted, the quality of modelling result
depends on the quality of input datath@case of
missing data, assumptions on economic damdga
the costs and benefits of adaptation measures need
be discussed and agreed upon with national experts.

The independent refinement of the models by partner
is akeyoutcome of the capacigvelopment activities
The stakeholdersvolvedshould actively support the
process of data collection in two key st@psdata
collection to set up the modahd (2) continuous
updaing of the model data aft@rojectcompletion.
Furthemore discussioraboutassumptions on climate
risks are needad ensure theffectiveintegration of
climate scenarios into the models. Ownership of th
model data can be supportediiBans oflata sharing
agreementsAn exampleof an agreement is available
here(GIZ access onlyandfurther details othe data
requiredor different model types can be found in the
CRED Global RepofGIZ 2023b)

Implementation requirement and estimated
expert days

and challenging stephe partner institioinstakethe
lead with the help otheir networkgnational statissc
offices etc). However support isalsoneeded from
national exper{@bout40to 60 daysyand international
experts shouldeinvolveal to ensurghe compatibility
of data with thenacroeconomic modglbout20to 30
days).

2.3 Seting up and calibratng
the macroeconomic model

The sewup and calibration of the modsiould be

and selectedmodel developerésrom the partner
institutions.Calibration is based on national data
this might be an iterative process where data gaps ¢
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Implementation requirements and estimated Theteamof expertsisuall}comprise peoplefrom the
expert days national ministriesesponsible for the economy and

_ o _ planningand theirsubordinate institutioresss well as
Flexible cooperationis needed between nationalf,om ministries of environmenwho aretypicallyin

experts supplying data and the international expe&%rge of adaptation plannindditionally, there
setting up the macroeconomic modek estimated g oy|dbe close cooperationith local data providers,
number ofinternational expert dagequired is about g ,ch a5 statistics offices, climate information provide

40 to 60 National expertshould alsprovidesupport (g g meteorological institu)eand possibly academic
with data vefication(aboutlO to 20 days)Additional  nstitutions.  The private sectofe.g. industry

efforts to integrate climate risks and adaptatioébsociations)nay also be includeth preparing
measurgarenot included in this stephe calibration gctionable  recommendations  via participation]
of the macroeconomic model to the national economigachanisms (e.g. onlirgiscussions information
structure and dynamics is in itself a challenge, jyierial on climate risks in different sectors, meeting

particulay if regional disaggregation 8IS0 ith actors from the organised businessraanity).
implemented (as with the D@ERED model in Viet

Nam). Capacity developmentarget groups

Whilethis approackupports the developmenttufth
technicaland humancapacities, the focus lies on the

2.4 Capacit)d evelopm enobn latter A crucial part of theapacity developmeafforts
the macroeconomic model is to enable experts from ecoyppianning and line

ministriesand fromsubordinate authorities to assess
TheGIZ approach requires a courgpecific capacity the macroeconomic impacts of climate change an
developmentconcept. Given that familiarity with relatedinvestment inclimate measwe The main
economic modellirend datavailability are usually still objectiveis to train expest and form ateam of
at anemergenstagen partner countries, the support professionals with  in-depth  knowledge as
providedneeds to be tailored to tepecificnational macroeconomic modelildersand/or users of the
context. Getting capacitgvelopmenight is essential, climatesensitive macroeconomic models jointly
as it lays the foundation for ownership of the model ilevelopedunder this approachlt involvesmultiple
partner institutiong’here caronly bealasting impact training sessions and coaching, accompanied
on nationapolicymaking tgoromoteclimate resilient workshops and policyatibgues on model refinement.
economic developmeiit the capacity development The activitiesshould be conducted by an econsmic
concept enablesndependent use of the madel consultangywhich als@rovidesextensive suppaior
Capacitydevelopmernis aimed athe technical experts model development. Thiwill ensure thatmodel
involved as model developers but shouldimtiizde  development and model trainarg consistent
the authoritiegesponsiblewith theintrodudion of a
longterm planning perspective.

For effective capacitievelopmentinvolving experts
from different institutions is advisabléis ensures
that themodebd s  addinformlangterm plannings

known beyondthe modebwning institutionand

increases the chancet wider model application
Moreover, offering capacitydevelopment across
different institutionsontributes tdothmainstreaming
adaptation actioand strengtheningnteiinstitutional

ties.

)Y
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Box 4. Key components of the capacity development required

U Technical capacities: Development of a climaénsitive macroeconomic model
U Human capacities of
o model buildergi.e. experts who are capable of further developing the model)
o model usergi.e. experts who understand how the model works and, importantly, know how to make
of the modelling results to inform polieynaking)
o decisioamakerg(i.e. politicians, higher level ministry staff)

The capacity developmertpproach needs to be supportedin understanihg and uig the climate
tailored to the capabilities of the participants argknsitive macroeconomic model to apply result
respond to their needs. To this end, the CRERccordingto their specific sectoral requirements. To
approach suggests distinguishing between two braadhieve this, they are not required to mabter
groups of participan® dnodel builde®and dnodel  programming of the model but need to understand it
user§ when designingapacity developmesnttivities. main featurethemodelling approach attteinterface
Additionally, decisiemakersshould be considered with their specific sector (e.g. thgic behindlamage
Even iftheyarenotyetengamngin modelling activities functions andlimate measwsgModel users will only
they should beawareof and understand the key participate in general trainirsgipported bygelected
message®lating tamodelling result& orderto play  simplified training material. This training is
anenablingole intheactual implementatiaficlimate  complemented byntineand inrpersonworkshops and
action specificsessions on the application of thedei to

_ _ sectors of interest.
Model buildersrethe experts that will later be able to

independently adjust the model contents and furth€hetrainingactivitiegargetedoth model builders and
refine the model with dp-date dataThey should model users. The former were involvedeiveloping
alreadyhaveadvanced economueodelling skillayith  the national models, given their (macroeconomic
the training buildgon ther exisingknowledgso that moddling experience and their role in the respective
they areabk to independently use and adapt climateartner institutions. Model useeseivedraining on
sensitive macroeconomic models. A careful selectitweinterpretation of results andenari@nalysisThey
process should ensure thagarticipantsrepresent do not need detailed macroeconomiodelling
relevant partner organisations, including key sectdtabwledge but can contribute specific knowledge abo
experts (e.g. agriculturlt)is also recommended to sectors, actoendpolicy processes. In general, training
include experts fromacademiawho can actas in all countriesncludedtheoretical background and
knowledge carriersupportingthe sustainability of practical sessionsn model application.Figure 12
capacity developmemll participats shouldhavea  belowgives an overview of the training and coaching
mandate from their respective institigitm deeply processFirst, the basics of macroeconomic models
engage with the modelling training and support theere explainedfollowed by the presentation thie
model building process. In this regard, ist procedurefor incorporatingthe impacts of climate
recommendedio specifically target the modellingchange using scenario analysis. Subsequently,

12

\*2)

v

Ut

)

the

departments of partner instiartsand mingtries, as a analysis of adaptation measures was conducted in the

basiaunderstanding of economic modelitngequired  form of virtual coachingsessionsAt the endof the
More importantlyan interest in expanding capadgies training there was a need for additiocapacity
crucial developmentor the interpretation of resulmd the

wider use of the models. All these steps have bec

Model users are a broad group of economic and Oﬂ}ﬂapted ineach county according to demand and
sectoral experts interestedhia economic modelling jrcumstances.

of climate change impact§hey will be further

2N
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Decisionmakerswho aresenior ministry staff, play a facilitaing initial decisions on the macroeconomic
crucial role as key communication points and enablerso del 6 s composi ti on.

They are responsible for defining the technical focus of o _ _
economic analysis, which informs political decisioR€cisioamakers should also participate in drafting the

making. Given their influence, they should be includ&PY and remain informed about major development
in capmcity development activities, at leasscme throughout the procesand aboutthe final results
extent, to enhance awareness and engag@imeint. whichshould be presentédthe form ofpolicy briefs,
involvementmay begin with thekick-off workshop, infographicsetc.Finally they should be invited the
where theycan deliver opening remarks &et the concluding workshofor the official handoveof the

scend with GIZ introdudng the approach and COMPpleted model.

Demand- Demand-
Block 1 Training oriented oriented
training training

Additional

Capacity Building

Introduction to
Economic Model

= Understanding of
modelling approach
and building steps
of e3/DGE models

= Autonomous update of
data set and regressions

Introduction to
Climate Module and
Scenario Analysis

« [dentification of possible
national hazards (RCP
scenarios)

« Introduction to
modelling economic
impacts of climate

Analysis of Climate
Measures and Scenario
Analysis

= Coaching for
additional scenarios

« Applying knowledge
to selected sector

« Translate adaptation
measures into the
mode/

* Run scenario analysis

= Anchorage and
institutionalisation:
steps for future model
use/extension

change and adaptation
measures

+ Possibly model
extension training

* Discussresults with
sectoral experts

Material: Training materials Material: Training materials
(ppt) (ppt); Model Handbook
Duration: 1 week Duration: 1 week

Material: Policy Briefs,
National Report, Global
Report, How-to-Videos

Figurd2 Training programnoapacity development

Source©Own illustration

Draft ToR for buildinga macroeconomic modahd
exampls of training materials including the model
handbooks developed for hotypes of CRED
supported models3 and DGEBCRED) can be found
at this link

effective than virtual formatghich was big challenge
for CRED project implementatiomshen COVID-19
travel restrictionsere in placeé\ follow-up format in
the context ofhe CRED projecis coachingsessios
where experts in thegartner countriescan discuss
specific questions or mdideg problems with
international experts$.is calculated thattotal of 8@o
120 international expert dare needed for capacity
developmentSome additional support from national
expertsnayalsobe neede(Dto 20day$. For example

in Viet Nam, some additional trainimgsorgansed
with national experten MATLAB (an economic
analysis softwareds this was required for the model
developers to run tHall version of th&© GESCRED
model

Chapter & Building an economic modeDpenText
Content Server (giz.de)

Implementation requirementsand estimated
expert days

Capacity developmenis key to preparg for
independent use of the models &fterprojectends
Different formats have beersed undethe CRED
project.At the beginninga oneweek blocKraining
course isconductedon the functioning of the
macroeconomimode] including the icorporationof
climate impacts (damage functioasyl adaptation
scenariosln-persontraininghasproved to be more

Some ramples of theapacity developmemiaterial
can be accessedre(GIZ access only).
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Tablé: Timeline for developing aspewiftcymacroeconomic model

Workplan 1€6 7€9 10e12 13¢15 16218 1921 22624 25630
(month of project implementatior

Task 1: Identify macroeconomic NE:
model 5e10
IE:
5e10
Task 2: Collect economic data NE: NE:
20e30 20230
IE: IE:
10e15 10e15
Task 3: Set up and calibrate NE: NE:
macroeconomic model 5610 5e10
IE: IE:
20230 20230
Task 4: Carry out capacity NE: NE: NE: NE:
development 0e5 0eb 0e5 0e5
IE: IE: IE: IE:

20230 20230 20230 20230

National expert (NE) days (total 25e40 25e40 5e15 0e5 0e5 0e5
55110
International expert (IE) days 15625 30e45 40260 20230 20230 20230

(total 145220

Note:The figuresefer tothe systematapplication ofhe CRED approach in one countffe required time and expert ddgpend greatly
on national circumstanc&beseare rough estimegonly. Formultiplecountriesscale effects do applyhenimplemengdin x countries
requirementmultiply by less than x). Additional project management costs and overheads are not included.

Table Gresents an overview of the time and estimatdid is important to understand that macroeconomic
expert day requirements for the specific tasks involvesdels add an extra level of analysis beyond simg
in developing a countgpecific model and preparing damage functions. When sectoral economic effects (
partners to use it independently in the future. It shoutthmages) are integrated into the rdfaanoework, the
be noted that the assessment of climates mand models also identify the effects of intersdctora
adaptation measures should start in parallel so that thggamics that are not provided by a sectoral econom
can both be integrated into the macroeconomic modelimate risk analysis alone. The starting point is th

systematic mapping of climate ri¥ksés should not be

apurely topdownprocess; houldalsoincorporate a
Creating climate damage functions bottomup, countrspecific methtology to develop

and validate tailored damage functidhs grounding
Climate damage functions refer to the translation agfline macroeconomic models and risk assessments
necessary simplification/aggregation of climate chang§,a| climate hazards was an important innovatio

impacts into economic effects and representations injg{hlemented by the CRED project in the partner
economic model. Economic effects are referred to a§ntries.

6damaged, assumi dgre rmamly t those considere
negative for economic indicators. The economic

guantification of broad climate impacts (EWES

into specific impact chains are represented in the model

using functions.

e
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n

o
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As shown in Figure B, the creation of damage At the same timen a fourth step, data needs to be
functionscan be structureidto fivedistinct step®r  collected opasteconomic damages resulting from the
tasks Step 1 is tproducean overvievof key climate prioritised hazards to understand the economic
risks for the national economy. In a second leégp implications of the hazard intensifying in the future. In
hazardsr climatic driverexpected to intensify these the last step, the information on climate hazard
risks are analysed and pricat. Step 3nvolves projections and hazarelated economic effects
develojng climate hazard scenarios whplovide integrated intdhe macreconomic modemaking it
information about the future occurrence of the keypossibleto assess the macroeconomic impacts o
hazards under different climate change scenarios initigividuabr combined climate hazards. Sdsteps are
partnercountry. described in more detail in the followingsetiions

l Climate hazard

scenarios

Create scenarios on
the future occurence of
hazards in the country

l Climate risk | Identification of Model

overview key hazards integration
Review existing studies and create ’ |dentify key hazards and Integrate hazard scenarios
a baseline of climate related risks create a shortlist of most and economic damages

for national economy & key sector relevant climate hazards in macroeconomic model

FI’ A
Damage

assessments

Compile evidence on
economic damages caused
by climate hazards

Figurd3 Integration of climate hazards into modelling frameworks

SourceOwn illustration

: L Conceptuallyit is important to distinguish between

2.5 ReVIEV\Pf economlcrlsks material climat hazards and the so&oonomic

from climate Change process that makeregions or economic sectors
vulnerableEconomic vulnerability to climate change

>t _ _ refers to the sensitivity of an economy to be negative
emergngriskscaused by climate changthtnational impacted byEWEs and slow onset events resulting
economyAccording to the IPCGhe concept ofisk  from increasing climate change.

includesboth the vulnerability and exposure of the
economyndthe hazards/climatic driveskthose risks
(concept of risk in thkeCC AF5; see als&igure 7. A
systemic guide on assessing vulnerability is provided
The Vulnerability Sourcebo@014published by GIZ
and the 201Risk Qupplement

The starting point is an overview efisting and
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Table: Climateelated physical risk categories

Physical Risk Categories

Increased severity of extreme weather events,

Acute (Hazards) Categories such as cyclones, hurricanes, heat or cold waves, or floods

Longer-term shifts in climate patterns,
Chronic (Hazards) Risks (ex. sustained higher temperatures, sea level rise, changing precipitation
patterns) that may cause sea level rise or chronic heat waves.

SourceReproduced from Recommendations of the Task Force on Gliatee Financial Disclosi8es

Acute physical risks refer to those hazards that manif€sironic physical risks refer teariationsin climate
suddenly or with little warning, often driven by specifigatterns due to climate change that occur gradually ov
eventswhichcan lead to immediate and severe impadime, typically spanning years to decddksonic

on human societies, ecosystems and economies. Atateards result from shifts in lelegm climate
risks are typically charactdi by their rapid onset, variablessuch as temperature, precipitation and se
short duration and high intensity. Yet, there is nlevel riseThey often have cumulative and systemic
universal approaddr classifyinWESs which may be effects on ecosystems, societies and economies. K
due to varying climate and weather charactenisticsexamples athronichazards include:
different countriesTherefore, the relevant domestic
approach should tzpliedor economic damage data”
collection to ensutbat they accurately refleetional
climate conditions. Key examples of acute risks include:

Sealevelrise d agradual increase in the average
global sea level due to the thermal expansion ¢
seawater and the melting of polar ice caps an
glaciers. Sea level rise can lead to coastal erosi
-  EWEs 0 eventsincluding cyclones, hurricanes, saltwater intrusion into freshwater sources, loss @
tornadoes, severe thunderstorms and hailstorms. coastal habitats aimtreased vulnerability to storm
They can result in significant damage to surges and flooding.
infrastructure, loss offdi and disruption to

economic activities. - Sustained higher mean temperaturesd long

term elevation of average temperatures, leading

- Heatwaves 0 episodes of unusually high changes in climate regimes and weather pattern
temperatures over a relatively short period, often Sustained higher temperatures can exacerba
accompanied by high humidity. Heatwaves can heatwaves, alter precipitation patterns, disrup
impact health, agriculture, energy demand and ecosystems and impact agriculture, water resourc
urban infrastructure. and huran health.

- Floods 6 rapid or prolonged inundation of land- Changing precipitation patterns d shifts in the
that is usually dry, caused by heavy rainfall, storm frequency, intensity and distribution of rainfall and
surges or the overflow of rivensother bodies of snowfall over time. Changes in precipitation
water. Floods can lead to loss of life, displacement patterns can lead to droughts, water scarcity
of people destruction of property and disruption  floods, soil erosion and disruptions to agricultural
of transportation and commerce. production and other watdependent indus#s.

8 TCFD, Recommendations of the Task Force on Clireted Financial Disclosutleast accessed on Afril 2024
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The figure below depictxampls of climate risksn ~ Adaptation is the procesaimed at redudang

the South Caucasude depletion of water resourcesvulnerability and redimg the risks. The efficient

is a risk to the economy only to the extent thatllocation of adaptation financing is based on an

agriculture or industry exposedelianton water and understanding of the most severe riskoapdssible

affected by decrease in availability. changse in climate hazardshat could potentially
intensify those risks.

Potential impact of climate change in the South Caucasus
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Figurd4 Exampsof climate riskgheSouth Caucasaggon

SourceZoi Environment Network201)

The overview of national climate rigksbased on Implementation requirements and estimatd
existing reports (such @m®se mentionedbove) but expert days

also providean economic perspectiveaimate risks _ _ _ o _
askng what the key economic sectors and impacThe risk overview/review should be created jointly with
channels arandwhat the climatic drivers/hazamie key stakeholders and based on existing national reports
at the beginning of the impact channiéls®ght also and analysis. It sholddstaredin the firstsixmonths

be interesting to present thématelmpact and Rk~ @nd requiresabout 10to 20 national experdays
Assessmentfor Germany updated in 2021to International expertsan also provide inputon

stakeholdersA comprehensive risk assessnigite international experiences and framewérkexample

starting point for the next stepmed adentifjngand (010 5 days).
prioritisingthe key hazardsatdrive themainnational
economiaisksfrom climate change
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https://climate-adapt.eea.europa.eu/en/metadata/publications/climate-impact-and-risk-assessment-2021-for-germany-summary#:~:text=The%20German%20%22Climate%20Impact%20and%20Risk%20Assessment%20for,13%20fields%20of%20action%20were%20investigated%20and%20assessed.
https://climate-adapt.eea.europa.eu/en/metadata/publications/climate-impact-and-risk-assessment-2021-for-germany-summary#:~:text=The%20German%20%22Climate%20Impact%20and%20Risk%20Assessment%20for,13%20fields%20of%20action%20were%20investigated%20and%20assessed.
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£ : further consideredjdeally, itshould be based on
2.6 Identlflcatlon Of key existing damage data. Therefibmaight requir@€0to

climate hazards 40 national expert dagsdeepen the analy$is the

_ o review The international experts supporting model
Based on the overview of tbeuntryspecificclimate development should also bedived in he final

risks an understanding should emergewtitthe  gecision on the most relevant hazahtimut 5to 15
criticalclimate hazards driving those riakes These  jnternational expert dagmecalculatedor this

could bethe increasingoccurence and intensity of
EWESs such abngerlastingheatvavesor more severe
storms and floodsy the advancef slow onset events .
such asea level rise amlgsertificationFor a better 2.7 Creation Of hazard
understanding afhat could happen the futureit is scenarios

advised to consider past damages from key eclimat

hazards. In the context of the CRED project, the mo§nce the most relevant hazards are identified, a set
relevant climathazards in terms of economic impacindicators is defined to charaseeritem It is
wereidentified using historical time sedasa from recommended to keep the definition of indicators

hazard reportsThe following guiding questions Simple while accurately representing the evolution ¢
provide focus and direction incompiling a the hazardslhe objective oBtep3isto estimat the

comprehensive climate risk overview: expected increase/future occurrence of releirarae
andmeteorological hazards in gatnercountry.The

1 Which climate hazards are most common in theazard scenarios are couspgcificdescriptionsof
country? the relevanthazards that can be expectauder

different climate scenar@CPsor SSB.
1 What kind of impact categories and damage

categorieare there Such countryspecific hazardgcenariosneed tobe
developed bylownscalingylobal or regional climate
" Which key economic sectors are most vulneraliffodels This expertise iikely not availabldrom the
andexposed? economis consultancies supporting the economic
modellingbut could beacquiredhroughcooperation
T What past damages and losses therefrom \yiiin a consortiumin the case of the CRED project
climate changelated events? the creation of hazard scenarios ceased ouby a
climate data consultancy. The CRED project
cooperated with a team frotime University of the
Balearic Islands (UIByorking in partnershipith the
Appropriate answers to these questizars only be Coordinated  Regional ~ Climate ~ Downscaling

obtainedin close collaboration with local experts an§xperimentd CORDEX to create the datasets.
the competent authorities.€i a nationaldisaster Additionally, the CRED projectaigorked witfEarth

managemerauthority). The output of this step is a list Yield Advisorieto developwvatetrelated hazard data
of climate hazard® be considered itep 3and @and the modelling of future water hazaftie
projectiors on how these hazarall develop ithe ~ requirementesereas follows:

future under different climate change scenarios.

1 What is the monetary valoledamages and losses
by economic sector?

- The contractor develops and adapts medinch

Implementation requirements and estimagd longterm (5to 30year$ climate hazard scenarios
expert days (selected5SPor RCP scenarios) for the partner
countries

The collection of data concerning key céimatards
can start directlifhe catarequired aréigures orpast - The contractor provides datasets on the future
damages available from international and national occurrence (change in intensity and/or probability
sources. While the main output of this step is the of the relevant weather/clineavents (identified

identification of a shefist of climate hazards he in Sep 2)

=
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- The contractor models change in the distributio@limate Risk Assessments for Natibeakl Water
of standard climate parameters (temperaturéelated Hazards

precipitationetc.) for the scenarios _ _ _ _ _ _
Optional: Creation of national climate risk profiles

- The contractor indicates the range of the ricslel

internal uncertainty It can be helpful to create climate risk profiles for

partner countrieshased on the simulation of future
The atputs of this step are suitable datasetEfimel  hazardsThese risk profiles should contain maps anc
tables) that are handed over to the project/modellingsuakations of the main hazards for each country
team for furtheuse. This includes analysis of hazard
characteristics in the present climate and projfaiion 'MpPlementation requirements and estimagd
different time horizonis the 21st century. The results€XPert days

can.alsf(? be summaed 9” maps, showing Fhe Spat_'alAs suggestedché modelling and provision of climate
variability of the evolution of hazards for different t'm'ﬁazard scenariosequires additional _international

horizons and time seriedating tahe yearly evolution climate modelling experiisis calculated thabaut 30
of haza'rdsat ds;?emflc locations to be used in th‘?o 40 international expert dare neededut it could
economic models. be more if further suppoidr submodelss necessary

The evolutiorf hazards can lredicatedfor example ~ (€:9- changes inthe water cycle, other ecological
bythe expected changgtie number of days or events feedback). Additional support from national experts ((

per year. The following hazards have been covef@dl0 days) is advised to suppbeinvolvement of

undertheGIZ project national meteorological or climate research
departments.

- Droughts

- Floods ]

 Heatwaves 2.8 Assessment of economic

- Extreme precipitation damage

- Extreme temperature Economic damages fromreentand pastmpactsof

climate hazargwsovide the only available evidence and
give some guidance on what to expect from future
- Extreme wind climate change. Thehereforeplay a critical role when
- Dzuds (Mongolian weather phenomenon:_mOde”ing pos;ible future .economic damages an
combination oxtreme cold, stosrancdroughy ~ MPacts from climate chan@eiferent approachean
be usedo integrate economic damages into economi
There are many moreatheand climatbazard types, models, depending on ttype ofmodel. Both models
some of which only appear in specific regions eonsidered in the CREihd DIAPOL-CE projecs (€3
countries A detailed description of the definition andand DGE mode) work with somekind of damage
estimation ofomeclimate hazard indicators is given irfunctions which are integrated ito the economic
Climate Hazards Analysis: Geor(@Z 202H. model. The economic models b@torap that is
Additionally, you can findraportof how toidentify = damages from climate change arkidedbased on
and analyze the future likelihood and potential sevestyecift sectoralamagassessmest
of major waterelated climate hazarofs a national
report developed under the CRED projecéCreating

- Wildfires

9 United Nations Office for Disaster Risk Reduction (UNDRR) (28243rd Information Prdfites://www.undrr.org/quick/66872

o
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https://www.giz.de/en/downloads/giz2021_en_climate-hazards-analysis-georgia.pdf
https://www.giz.de/sites/default/files/media/pkb-document/2025-09/giz2025-en-climate-risk-assessments-national-water.pdf
https://www.giz.de/sites/default/files/media/pkb-document/2025-09/giz2025-en-climate-risk-assessments-national-water.pdf
https://www.giz.de/sites/default/files/media/pkb-document/2025-09/giz2025-en-climate-risk-assessments-national-water.pdf
https://www.undrr.org/quick/66872
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The approach is to understand current and pahe basic approach foonducing an assessment of
economic damages fraeWEs (such adloodingand  economic damages is to proceed with the-kstoof
drought)in orderto extrapolat¢heminto the future  the climate hazards creatediep 2 of the hazard
based on the increase in the severity of climate hazamdalysiand collectiata on past economic effeoten
(seeSep 3 of the hazard assessmdifitis approach climate haardsIn the context othe CRED-supported
has limitations in terms of capturing emerging nesw risd3 models this involved creating arExcel sheet to
that are difficult to anticipatecenarios based on pastcollect all available information on the key
climaterelateddamages areertainlynot a complete EWEdclimate hazardsand reported damagesith
guide to the future and provide onpasial picturef  support from national experedelow for example
expectedmpacts Such linitations should be clearly the columns of thExcel sheet used to collect data on
communicated. past climate hazards in Kazakhstaith (damages
expresseih Kazakitenge)

EWE Regior Year Month| Affected | Physical | Number of| Hectares | Economic | Economic | Recovery | Persons | Source
sector | damage | buildings | affected | damage |losses costs affected
damaged (mKZT) | (mKZT) |(mKZT)

Data collection should be accompanied by additiorsd therate of change of thobability of certain types
stakeholder consultations and expert discussions. @fnEWEsvaries further differenti&n betweersome
example of ToR for the colleanh of damage categorieds recommendedFor instance, different
information is availableere(GlZ access on)y flood types have been observed in Geoagiaual

) _ meltwaterfloods, 16year floods with higher water
A different approach was taken for devepfhe |oyels than usual and 3@@r floods that are

sectorspecific damage functions that can be integratﬁgrticuIarI;destructive due to exceptionailyhwater
into DGE modelsTheycan be created in cooperation|eyels. Estimasfrom the Aqueduct Tool suggest that
with national sectoral experts that provide damaggisiorical 1qyear floods will occur twice as often (every,
estimatesfor a specific sector based on the; e years) under the SSB5 senario, while 10gear
requirements of the DGEnodel. A comprehensive  f544s will occur ever0years. Thus, the probability
summary of the data requirements for the BGE¢q, ifferent flood categories in Georgia increlges

CRED model is available in the model overview on ”E)%tween two and five times compared to the past.
open source platfim GitHub (e GitHub &

schultkr/DGESCRED). Potential future counttypecific hazards should be

_ o - created in atandardormat for altheimpact channels
Data for benchmarking addtermininghe probability and hazard types considered. Additionally, expecte

of key climate hazards under different SSP Scenarﬂ?ébability changes for these hazards, includin

need to be collected from international, national or Io%lgional disaggregation, if possible, should be provide
climate models and reports. Most climate modeig), more complex impact channels, notably water
provide probabilitifer EWEsin the future, whicban  re|ated hazards (drought anddlevents), it is advised
be used to determiriee increased likelihoodthem 1 yenerate countspecific datasets. These datasets
occurringin the future under a specific SSP scenarig,,uid cover historical climate patterns, categori
compared to the past. Climate hazards related dgynomic damage and identifybability and intensity
weather (number of hot days, droughts, extreMgungsfor eachhazard category. Hazard scenarios
precipitation etc.) and the increase in intensity andyquid also include a highpact damage category not
probabilityin eachcountry can be calculated using enresented in historical datking into account that
publicly available climate data source$\(ertll Bank (1) the observational time is limited &@l recent

websity. For riverine floodsaqueduct Floodshows — pyyeshave exceeded existing extreme values in alma
how the occurrence of a specific flood type (&y®@&0 4| countries. These events should be included with
floods) increases under climate change. low but increasing probability.
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https://github.com/schultkr/DGE-CRED
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Estimating the probability of highpact damage leverage ensemble miidg to charactee
events that exceed historical extremes is a critical yatertainties and account for the compounding effect
challenging aspect of developing comprehensigeémultiple climate hards.

climate hazard scenarios. The observational record is _ _ )
often limited, especially for rare catastropréats In contrast to economic data that is regularly publishe

making it difficult to establish robust statisticapy national statistioffices, climate damage data is not

relationships. Additionally, as the climate continuesREPVided as comprehensively and systematicall
change, the frequency and intensity of these extrehfigrefore timeconsuming desk research and
events may increase in fioear ways, exceeding pasponsultatlon withelevant expertse requireth obtain
observations and straining tlapabilities of existing : : ) _
models. Uncertainties in future climate projectionf! simulating future economic damages from climat
especially at regional scales, further complicate eff{$&S- In Mongolia, we have sumsearthe number of

to reliably quantify the changing probability of sudi€avy rain and flooeventsirom 1996 to 2023 (see
highimpact occurrences. To address these challenddgUre 1»to further quantify the economic damages
the scenarioanalysis should incorporate experfaused bythese weather events. By analysing th
elicitation, explore a range of plausible scenari _ _
(including  higlend, lowprobability ~outcomes), enhance our capaditypredictfuturetrends

120
100
80

60

40

20 e.-® ° ...

([ ] [ )
0o . o%o00
1990 1995 2000 2005 2010 2015 2020 2025
-20

Figurd5 Number oé&vy rain and feaahfsom 1996 to 2023 in Mongolia

Source: Owillustration

For a comprehensive understanding of the impact of a Increased demand for cooliagd lower demand
hazard, the assessment should cover as many economidor heating and healtiare services

aspects as possible, including di@mage to - Impaired hydropower generation

economic asset losses in asset production (e.o Reduced thermal power generation capacity due
damaged infrastructure, livestock and crop losses) andinsufficient cooling water

relatedmpacts on economic processes PsE8ETA - Reduced pasture productivity
IV as an example). - Price increases due to scaf@tg. transpomnd
food)

Relevant economic impacts from climate change

_ Higher insurance premiums
include:

- Reconstruction costs for damaged infrastructure

- Reduction in economic productivity
- Lower labour productivity

the necessary data. This information provides the bas

grobability trends inherent in these events, we aim to

[72)
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Simulation of future economic damage probability and intensity of EWEs will be adjusted in

_ combination with climate projections (e.g. $3°5
The data collected on economic damages from past @ggmf)) as shown in Eig 16. Moreover, the direct

estimated future impacts of climate hazards prOViqﬁpacts of EWES are implemented as effects on human

valuable evidence and the basis for simulating pOtean'é'ﬁaviour, production factors and infrastructure
future economic damages and impacts from C"m%luding:

change. Initially, a baseline for future @mondamage

scenarios should be established using data from the Household consumption expenditure
bottomup approach. In establishing this baseline, past Exports and imports

economic damages from EWEs such as floods er Investment

droughts are extrapolated into the future. Te Prices of products, labour and capital
incorporate the effects of climate changes th Labour productivity

Aggregated
Economic
Damages (€)
Expected increase in future damages
attributable to increased reoccurrence of
EWESs from climate change (e.g. RCP 4.5)
Baseline damages of extreme
weather events (EWE)
Past Present Future, e.g. until 2100 Years

Figurd6 Simulating danagiee futuredbynate scenario and year

Source: Owillustration

However, the bottomp approach has limitations in The key steps include:

terms of capturing emerging risks that are difficult to _ _ _

anticipate and those relating to chronic hazards. The 1ranslating toglown impacts into yearly GDP
scenarios based on past climate damages are not aScenarios for each SSP considered (relative to
complete guide to the future and provide amgrtial baseline scenario with no climate change)

picture of expected impacts. - Calculating the vyearly total bottapn GDP

impact for each SSP (combining domestic

Due to the high level of uncertainty inherent in the _ s
international and transboundary impact channels

bottomup approach, it is recommended to benchmark
the baseline scenarios to the data compiled from the
top-down approach. This combines the strength of
both approaches to develop sespmcific and
regonally disaggregated estimates of climate impacts. Including adjusted bottoop damages into the
Bottomrup data can be used to inform and calibrate the model

top-down models.

Calculating the ©6adjust
top-down and bottorup estimates for each year
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This procedure ensures that the modelled damaggs : :
align with damage estimates from existing studies whi é9 Integratlon Of C“mate

adding the sectoral and spatial disaggregation necessary hazards into the economic
to estimate the economic damage avoided thanks to model

adaptation actions.
The data collected in the steps above make it possi-!‘;ﬁ]ee final step is the integration of danuiagainto the

. . . economic model. This is achieved by combining th
to integrate climate hazard scenarios and econon_uc. . .
S likelihood of a certain climate hazard ooayunder a
vulnerability into the e3 models, based on the "~~~ . .
. §peC|f|c climate change scenario (e.g. RCP 4.5) with the

assessment of past economic damages and the fu EJJre

. . . . amage estimates based on the review of past damage
economic damage estimates obtained. Simulated futire . .

. ) . #?ta The economic model includes and represents
economic damages in the e3 models are driven by .

€ . o .
increase in the probability and intensity of climageConomlc .vulnergblllty and exposure in terms of ths
hazards roader climate risk assessment frameworki(gee
' 17). It describes in detail the structure of the economy
The damage data collected must be translated igfed its emnomic sectorsand productivity and
economic variables and allocated to the econon§i@ployment patterns. The descriptions of economi
sectors covered by the e3 models. Depending on tHénerability and exposuaeethus more fingrained
kind of damage data used, these are implemented eié¥t dynamiascompared to other existing climate risk
as price or demand shocks for the correspondi@§sessmestfor examplethe Economics of Climate
ecaomic sectors. Crop damage and the resultidglaptation (ECA) Framewqiwhich focusesnainly
increase in imports or prices are allocated to tig& €conomic assets.
agricultural sector. Damage to infrastructure, far _ .
g . g . cf:or the climate hazig the probability of occurrence
example, buildings and roads, are implemented as _ ) -
. : . . and the intensity of country specific hazards (e.g.
additional (involuntary) investments, while th%\I
. - roughts, heatwaves, floods) avadysetbr three SSP
replacemerdf destroyed private household furnishings

causes additional (involuntary) household expenditu?é:.enalrlos (SSR16, SSP25 and SSH&S). The

projected frequencies of climate hazards differ by
Implementation requirements and estimagd intensity (low, medium, high) and by SSP scehario.
expert days description of the climate hazard assessments
conducted for Georgia, Kazakhstan and Mongolia cal
Efforts to collect data on economic damages shoul@ found in the following report as well as the country
startunder Task 2.3.® ensureobust identification of specific reports and factsheets that are linked in this
key hazards. This work shoulddieéailedand results  report: Good practice summary report clinatated
need tobe formatted according to th&chnical \ater hazards
demandsf the macroeconomic model. This iseasy
task as the national experts providing data on econonfife data from the climate hazard assesstogather
damages need to understand the format requiremetth the damage dasamplemented into the €3 model
and provide data sheets accordittgéycalculated that by finding appropriate variables. The initial impacts of
about 40to 60 national expert dayse needed Cclimate hazards can be implemented for example as
Additionally someinternationakexpert days (10 20)  effects on human behaviour (e.g. increased demand for
are needed to ensute consistencyf datasets and cooling and health care), as investments (e.g.
prepare fotheirintegration into thenodel. reconstruction costs), as price increases due to
scarcities, as lower labour productivity or as changes|in
foreign trade. These then cause chain reactions within
the e3 modelThe exact way that climate hazards are
integrated into the economic model depends on it
structure. An overview of the differences between e3
and DGE models can be found in the Global Report
(GIZ 2023b).
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Economic Impacts of Climate Change in Kazakhstan

Climate + Economic Data Climate Economy Model GDP Effect 'L 6.5%
+2.0
i Gross domestic product
Assumption o I - rose COMESTE PIOC m Gross capital
SSP5-8.5 scenario covering droughts, floods, M [~ u I I i
heatwaves impacting many sectors of the economy -20 Export of goods.
and services
2l —40 B Import of goods
0.50 and senvices
Foreign trade Emissions -6.0
0.40 == - v © Gross domestic
v % Product
0.30 Econonio model | | | | Eneraymoduie - 2025 2030 2035 2040 2045 2050
0.20 M National accounts | Supply i
010 ' i
Demand |- Transtormation |
1! ! 8%
000 ' : Employment Effect 1.8%
2026 2032 2038 2044 2050 Bl o !
(Baseline 1881-2010) ' Unit costs | Prices !
HeatWave  @Low @ Medum  High - - = Employment, total

0 W Agriculture, forestry

Flood Low Medium High fom o oo o oot s i
Drought Low  Medium High . . . . anufacturing
-50 Energy and water
T o
=

1.000 persons

= g Wy construction

W Private services
=150 ¢

-100
- —_— W Public services

© Emy ent, total
2025 2030 2035 2040 2045 2050 —

Figurd7: Integratioficlimate hazards and damage estimates into an economic model

SourceOwn illustration

For more detailed information on integration into thémplementation requirements and estimagd
DGE model, the Technical Report (GlZ 2023a) can bexpert days
consulted, and an example of results is provided in Box

5 below.The nationalreport for Kazakhstan (GIZ Once sufficient data is collectdte macroeconomic
2022b) contains more detailsiom e3 model model can be calibrated. Additional international data

might be considered to cradseck validity and fill data
A simplified integration of climate hazard scenarios agdpslt is estimated that 30 40international expert
damage estimates into the economic model is depictiegysarerequired|t is expected thabme additional
below. Impacts in terms of GDP and employment camational expertgays (Qo 10)could be needeaks new
be provided for each hazard individually or for atequirements and data gaps emerge.

hazards depending on the specific climasmgeh ) _ _
scenario considered. This allows different risk scenarlG!€8 presents an overview of the time and estimated

to be constructed to create a differentiated overview @fPert day requirements for the specific tasks involved
potential economic impacts. in understanding the key national risks posed by climate

change and enabling the integration of key drivers into
A detailed descriptionf the results is provided in the macroeconomic model.
sectoral policy briefs for example the case of
agriculture in Georgi{&1Z 2021), the energy sector
in KazakhstarfGlZ 202X) and the national reports
(GIZ 2022aand 2022b) all availale at theCRED

project website

Box 5. Example of results calculated with the D&ERED model

Due to the increasing i mpa c tterméconorhi¢ gnoath @&nd its bonseguencet
the DGECRED model was applied to assess the effects of climate risks and potential adaptation strategie:
Vi et NamEs e c on oasy multirdggion nsodek whicls allaws differentiation between regions t
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account for regional climate developments. Trends in climate variables are defined with the help of meteorola
model s based onl9tSBRAS lal GESABS, that3sP scenarios with low, medium and high
mitigation challenges. The DE&REDnodel compares the effects of these different climate change scenarios
a baseline scenario, which assumes that climate change has no economic impgcte 18visualises the GDP
losses expected under the different climate change scenarios without adaptation action. The simulation re
indicate that <climate change can reduce Viet Nan
show that the Mekong and Red River deltas are particularly affected by economic losses, even in the r
optimistic scenario (SSP1.9), while mountainous areas are less vulnerable due to higher altitudes. Furtherm
the GDP losses only peak in the optimistic SSPAscenario in the second half of the 21st century, whereas i
more severe climate change scenarios, GDP losses increase continuously, decade by decade, until the ent
century if no adequate adaptation actions are taken.

Figurd8 GDP losses from climate change impacts in six regions in Viet Nam (in %

Source: Own illustration

Table: Timeline for creating climate damage functions

Workplan 1é6 7€9 10212 1315 16218 1921 22624 2530
(month of project implementatior

Task 1: Review economic risks
from climate change

Task 2: Identify key risks and
climate hazards
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Task 3: Model climate hazard
scenarios

Task 4: Assess economic damag

Task 5: Integrate damage
functions into model

National expert (NE) days (total 2040 30855 20835 0e5 0e5
70e140)
International expert (IE) days 0é10 25240 20630 15620 15820

(total 756120)

Note:The figuresefer tothesystematic applicationtbe CRED approach in one countffe required time and expert ddgpend greatly
on national circumstanc&heseare rough estimegonly. Formultiplecountriesscale effects do applyhenimplemergdin x countries

requirementmultiply by less than x). Additional project management costs and overheads are not included.
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3 IDENTIFYING SECTORAL CLIMATE MEASURES

> . This chapter explains:

7.
Independent:: 1. Project
model Setup
pplication

* How to support sectoral
adaptation and mitigation
measures?

~" 2. Creating a }
macroeconomic :

model | * How to pre-select adaptation
/ options for macro-analysis?

i Implementability

3. Identifying |
climate /

5. Selecting
~ climate
., Mmeasures

+ How to prepare the data for
model integration?

climate
measures

i Time/ input required:
Macroeconomic up tO‘ 12 months
modelling of climate 70-110 national expert days
measures 35-60 international expert days

1~

After seting up the macroeconomic model and3 1 Creatlhg a priority list of

identifying climate risksthe next task is to identify

appropriatelimate meas\sby: adaptation measures

U Creating a priority list afimate measwge Since macroeconomic assessments are rather resou
intensiveit is not appropriate toonductthemfor all
i Compiling data on priorigdaptatiomeasurefor  possibledaptation measur@ne of the reasons is that
integration into thenodel macroeconomic assessments of adaptation measu
rely ondata that is not always readily avaif@le¢re
details, seSectior3.9. Thereforeit isrecommended

This chapter provides-@epth information on #se to prioritse measures first to keep theed for
steps additional data collectitmafeasibldevel

U Developingnitigationmeasures

The identification process different foradaptation There should be clear criteria for selecting adaptatia
measures than it is fmitigationmeasuress available Measures to be arsely with a macroeconomic model.
datais typicallyscarceand bridging the gap between e following criteria provide a starting point for
climate risk, economic damage and adaptation poterfifs§ing the adaptation measuresifiotusion in the

is challenging for different reasdnsaddition to the Model.It should be noted thavenif an adaptation
problem oflimited data availabilitgconomic impact Measure has not been chosen tanblededin the
needs to be estimated by collecting past datatege model, it canstill be important for theoverall
which therhas to be projected into the futuithese —@daptation strategy amalvepositive impacts.
projections should then bimked to IPCC climate

scenarios. As data on GHG emissions and energy

production iswidely availablethe identificationof

mitigation measures may require relatively less effort.

[Ce
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1.

2.

Figurd 9 CriterimndoroceBwseldogadaptation measures

Relevancefor policy processes and need for
action. An important aspect is the relevance of the
adaptation measure for policy processes. If the
need for actioris particularly higldue to the
climate risk or in specificeconomic sector, then

adaptation measures that address these risks shouldmeasures, such as lardeastructuremeasures

be prioritised For example, the agriculture and
tourismsectosare verymportantfor the economy

in Georgia. Accordinglyt may be particularly 4.
relevant to subjeetdaptation measures that have
an impact on thesewvo sectorsto a detailed
analysis.

Appropriateness for addressingthe identified
climate impacts.Only those adaptation measures
that are appropriafer reduéng the impacts of a
particular climate hazard under investigatio
should be anagd to determine thar
macroeconomic effects. Thus, an adaptation
measure for agriculture should have a positive
impact on crop yields, for examjethe face of
increasing drought risks

Relevance of lhe expected macroeconomic
effects A third importanaspecis the expectation
as tothe macroeconomic effects. The use of the

macroeconomic model only makes sense if tHde figurebelowgives an overviewi the criteria and a
expected macroeconomic effects are relevaifit angotentialselection process

Prior to modelling activities

No

Is CBA data _
available? Partially
Functional -
criteria Can CBA data o

. be modelled?
: SHE ,

Are macroeconomic
effects relevant?

No

-3

(@)
- (5)
~©)

Political
relevance

Political
criteria

Effects on CO,
mitigation targets

-

ief

oo Tet
®ese®

Are international
financial resources
available?

SourceOwn illustration

interactions between different economic sectors
are expected. The macroeconomic relevance m
result from both the cosgmdthe benefits of the
adaptation measutéis especially useful tdilise

the model for assessments of tugstadaptation

andto use theesultgo justifyinvestments

Data availability. Sufficient and consistent data
are essential for robust quantitative analysis. Th
dataset should exhibit temporal consistency an
adhere to a weallocumented data collection
approach with clearly defined criteria. Moreover,
larger volume of data genlgraénhances the
reliability and robustness of the results. In cases
data gaps or insufficient data points, insights fron
existing research in similar contexts can help mak
informed assumptions to addreasy such
shortcomings.

Ability to be translated into the
macroeconomic model Sectoral adaptation
measures camly be integrated into the next step
of assessment if they ¢tendescribed inveay that
iscompatible with the macroeconomic model

During modelling activities

Use international data as proxy GDP

Only costs

Comparable data Employment

Only benefit
Export
Physical outputs

Monetised benefit

Import

Energy-related

Part of a national planning, GHG emissions

high political priority
Part of an international
agreement Sectoral effects — which

i i ?
T R sectors profit, which not?

Neglectable effect

Raising emissions

No Existing investment

opportunities

Regulatory
framework in place

~

2\

e
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For the selection of adaptatimeasurg stakeholders as binding, that is, everyone complies with the
should alsaonsiderthe different types that can be regulation.
assessed using macroeconomic models.difiais ) _
from the more engineerifgasedfocus of technical It is recommended to conduct stakeholder dialogues gn

adaptatiorasthe adaptation @conomic agentan be relevant adaptation measures and raise awareness
supported with a broathngeof economic policy &MOng the stakeholders about the factors to be
instruments.Table 9 provides an overview of the considered, as described above.
different types of adaptatipalicyinstruments that can
be considere@nd highlights optiorier translaing or
mappng such measur@sto the economic model.

The identification process can be structured into th
following steps: (1) establish a {lisig(e.g. based on
an existing NAP and NDC), (2) draw up a dligirof
These instruments enable the government to prescriBe0rity measures and (3) hadaptationmeasures
regulate, initiate or create incentivesattaptation descrlbgd mthe required economlc.form,such as CBAs
measures. Not all types of instruments can easily gggnpatible with the macroeconomic model, as shown
translated into model parameters. While econoniftFigure 2Melow.
adaptation instruments (price instrument, direct

subsidy) can be directly implemented in the
macroeconomic model, other instruments need more

clarifications or assumptions. For example, in the case

of a commanéndcontrol instrument, the assumption

entered into thenodel would be to treat the regjola

D

Assumptions for mapping into

Type of instrument economic model

Command and control Regulation is treated as binding
Price instrument Price are implemented
Direct subsidy Subsidy is regarded as successful

Tabl®: Overview of different types of adéipyasivoments

Source: Own illustration

Prioritized adaptation
measures to be
modelled in
macroeconomic
assessment

Collection of adaptation
measures currently
planned in sectors or
NDC/NAP

Comprehensive data
(CBAs etc.) on
prioritized adaptation
measures

Figur@Q: Steps for identifying adaptasséor macroeconomic assessments

SourceOwn illustration

60| 100




HANDBOOK ON MACROECONOMIC MODELLING FOR CLIMATE RESILIENCE
IKI Global Prigct on Policy Dialogue and Knowledge Management on Climate Protection Strategies

Implementation requirements and estimasd CBA implementation

expert days _ -
Generally, a CBA should include a description of th

The identification of relevaadaptatiomeasurgto be  context and objectives, an evaluation of technical ar
considereds basedn the policyentry point studies environmental feasibility, a financial and economi
conducted with stakeholders. The identification of analysis and a risk assessrmbgte are guidelines that
shortlist of measuresoperationates adaptation can be considered to allow the broad application @
planning into concrete polityeasureand shoultkad CBA output in macroeconomic models. A commonly
to theformulaton of concrete requestb the technical used financial methodology is the discounted cash flo
experts running the macroeconomic mdfelected (DCF) method? where only cash flows in constant
reports and templates for organy this process are prices without value added tax (VAT) are considered.
availablenere Notably parts of the Draft ToR on ) ) o

Policy Advice Support for CRED could be used td €chnically, a CBA must include m@cators that ar
organée support. In totalnational experts might relevant for the monetary evaluation of selecte
require25to 40 days to discuss key planned adaptatigfapPtation measures. Tie present value (NPV)s
measures, orgaaivorkshopsand report orthe most the difference between the discounted costs an

suitable measures, building on the criteria outlin8§nefits of a measure over its entire lifetime. B)
above. International experts can facilitate the@gcounting for the fact that future costs and benefits a

processes, contributing aroundd.0 days. worth less today, the NPV provides a comprehensiv
assessment of t h efinanoeal s U

discount rate (FDR)is a measure that reflects the
decrease in the value of money over time, allowing f¢

3.2 Compllmg data on priority the comparison of future costs and benefits at thei

C|imate measures present value to calculate the NPV of future cast
flowsit The FDR reflects the opportunity cost of

3.2.1Compi|ingadaptationdata on capital. In addition, thrdiscount factorrepresents the
.. ratio of the NPV of a future cash flow to its value if it
pI‘IOI‘Ity measuresor were occurring today. It decreases exponentially by t
integrationinto the model discount rate each year, with a discount factor of 1 fg
the current year and decreasing values for subsequ

Since the quality of the model conclusions is stron Mars. As an ientation for the EDR. the European

reliant on the quality of the data, it is essential
conduct thorough validationncluding stakeholder
discussiondgo verify the assumptions and ensure the
robustness of the motieg results. Specifiypes of
data are required based on the type of climate action
being addressedEach action presents unique
challenges and solutiottis should be assumed that
ministries of economy cannot provide the required data
on their own. Additional support amderaction with
sectoral line ministries and research institutions are
needed.

10 Commission Delegated Regulation (EU) No 480/2014

1 For example, with a 3% discount rate, a cost or benefibof@Boccurring next year would be equivalentBoddSoday, and a cash flow ofDJB)0
occurring five years from now would be wort® 86 today.

12 Annexl to Commission Delegated Regulation (EU) No 480/2014.

ommission suggests the following reference periods,.
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Tabld0 Referemeeiodysector If neither CBAs nor similar analyses are available, oth
national analyses, including quantifications of polic

_ measures or international experiences of comparaQ

Railways 30 countries, can be used to inform the model.

Road 25-30 . . . .

pace Macroeconomic models requigmpatiligormation

Ports and airports 3% as input. As a rule, this includes at least the cost of tf

Water supply/ sanitation 30 measure, that is, investments and other expenditur

Waste management 25-30 required for its implementation and operation (CAPEX

and OPEX), reduced costs of climate change (dama

Energy 15-25 . . . .

reduction) and financings\nnual resolution of the

Broadband 15-25 information is advantageous but not necessary.

Research and Innovation 15-25 Compatibteeans that these effects can be quantified i

Business infrastructure 10-15 model variables.

Other sectors 10-15 While this direct translation offers a streamlined
Source: Anexl to Commission Delegated Regulation (EU) No approachl, a CBA can be Con_dUCteq as an addl'Flon
480/2014 approachif the necessary data is available, to provide

more comprehensive comparison of sec@nomic
The cost®benefit ratio (CBR) is the share of and environmental costs and bendfithe benefits
discounted costs with discounted benefits for the ent@gtweigh the costs, the adaptation measure can
lifetime of a measure. A CBR of less than 1 indicatégemed economically viable. CBAs are carried out

that the measure is cestective, meaning that the the project or sectoral and subnational level, and th
benefits outweigh the costs. Tinernal rate of findings form a crucial basis for macroeconomic
return (IRR) is the discount rate at which the NPV ofassessments. The results of thé &® themntegrated

a measure equals zero. It is used to compare differét® a macroeconomic model to assess the impact ¢
measures, with higher IRR values indicating gredifég¢ entire economy.

returns on the investment. Additionally,rédarn on . .
In the following steps, it is assumed that the CBA

investment (Rol) measures the moneyed with the it ted to at least th toral |
investment as a percentage of the total investment' Av > are aggregated o at feast the secloral 1€

higher Rol signifies higher returns from the project i?}sectoral CBA) to be relevant for macroeconomig

relation to the invested sum. Hayback timeis the modelling.
time it takes for the undiscounted annual cash flowfe cBA method and implementation has advantage

(benefits minus costs) to equal the initial investmegty some challenges. On the one hand, the costs and

costs and cumulative running costs. It indicates the tigeefits of a project or measure are presented in det
after which net benefits will be earned from thgyer time, providing valuable additional information
Investment. for stakeholders and pohimyakers in generakhich
means there are various reasons for a CBA beyor
macroeconomic modelling. On the other hand, the tim
Building on the shofist of priority qualitative required and the cost of conducting a CBA are high du
adaptation measures, subsequent integiatiothe  to the amount of data that has to be collected. Th
modeland assessment requires a robust quantificatidamber of feasible CBAs existing inoantry will

of all the measures. This can be achieved by directijerefore be limited.

calculating and translating aspects of an adaptation

policy scenario into economic terms, such as changes in

productivity, costs and investment requirements,

without conducting a full sectoral CBA. The results can

be directly integrated into the macroeconomic model.

Quantification of policy scenarios (QPS)
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Translation of policy
scenario into

economics terms

« Stakeholder Dialogue
on quantification

« International
experiences of similar
countries

« Other analysis of

] national policy \

measures
Qualitative Quantitative ’ ’ Policy
Policy Scenario @ Policy Scenario Recommendation
S Sectoral CBA 2] ne)
. A
B « Dependson data .
» availability (optional) .
. » Engage with .
s stakeholders El
. for additional information <
* « Identify potential .
. business case .
L &
T I I EEEsEsEsENSEEESEEEEE EEsssmunw Esssmmns Eesnnn

Figur@l QPS pocess

SourceOwn illustration

To assess an econewigle adaptation scenario, it canTo quantify adaptation policy scenarios, the following
be feasible to evaluate one adaptation measure atsfeps should be taken:
regional/sectoral level, with the goal of scaling up the
results to other regions or sectors, as appropriate,lby
assuming analogous correlationsosfs and benefits.
When resources are limited, this can be an efficient way Check for which adaptation measures relevan
to simultaneously conduct detailed botipm quantifications from sectoral CBAs, internationa
investigations and allow for a -tpvn experiences or other analyses of policy measur
macroeconomic analysis. One key challenge in the are already available (and collect the data)
economics of climate change adaptatiort iitheosts 3. Decide with modellers and stakeholders for which

and benefits of different adaptation measures oftéen . . :
. . A adaptation measures QPS, including sectoral CBA

occur at different times and in different places. For .
will be conducted

example, the costs of implementing adaptation
measures, such as building sea walls or improvihg Define the interfaces between QPS, such a
irrigation systems, are often borne byegowents or sectoral CBAs, quantifications from internationa
individuals in the present, while the benefits of these experiences and other quantitative analyses
measures, such as reduced damage from naturalnational policy measures

disasters, may only be realised in the future. Puttigng Implement QPS, including sectoral CBAs
such costs (investments) and benefits into perspective ’

Clarify ~what minimum information the
macroeconomic model requires@dfy

is the key value added. 6. Integrate QPS, such as sectoral CBA results ¢
other quantifications, into the clindggeonomy
model

Steps 1 to 4 should be conducted in coordination wit
modelers and GIZ. Step 2 may bedetaken by
another institution or consultancy. Subsequéendy
sectoral policy scenariwith adaptation measures) is
translated into economic terrtimt is,QPS including
sectoral CBAsSep 5),for integration into climade
economy modelSép 6).
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Data requirements Both dimensions can be combined so that ib@rreix

_ o of different financing components. For instance, publig
It should be assumed that if the ministries of €CONOMYnding can encourageprivate investmentand

themselves cannot provide this data, additional S“pp%rnationafinancingmay be conditionahn national
and interaction with sectoral line ministries is needediQancial commitments. While it may be challenging t
enable relevant instintsto deliverit. If the required  -5iculate exactly the share ofdifferent types of
data danot exist, they can be created by national eXPefiffancing for selected climate adaptation scerihgos,

basedon similar QPS or CBAs from imemationa'questiorshould be considered from thatsetso that
reference cases and adapting thehetocal/national  ha economic feasibility of impleniegtthemcanbe
context. This might also involve additional interviews,5|yated

with stakeholder groups to have validated estiomat
theinvesmentsrequiredadaptation costs), reducton

in the climate damages they address and 0”3!2.2Develo'mg mitigation
associated economicloenefits (adaptatidenefits.
measures

As a longerm perspective isnostly used in ) _ _ _ _
macroeconomic modellingearly resolution generallyAS outllngq |n. ihe ‘inroductiont this hgndbogk
Mate mitigation measures carygreatly in design

suffices. Naturally, choosing yearly data facilitates o%{l[d Th i deli h
collection especially considering the required cros§n¢ Scopeine macroeconomic modetiing approac

sectional interplay of data sources within the overgﬁ? copt)ekwnh tilffgrfnt.scenirlwlch [)n ay cover
macroeconomic approaevhich includes information merent keymethodologiessuch as carbon pricing,

such asdata onclimate hazasl damagedata and segtorI?I as]isessTent$e£t.h er:erg(;jy, trans(;oorand
economic indicatoe theregional and sectoral level. agriculture,forestry andother land usg and green

industrial policySo far both carbon pricing and
Each selected adaptation measure or scenamiobe ~ Sectoral assessments have been included in t
evaluated against the thB®P®$ SSP12.6, SSP2.5 modelling activitigsvhereas the concept of green
and SSPB.53 to ensure comprehensive analysis andndustrial policy is yetbe integreed into the approach
robust results. For the different scenariosnthasity ~ (see Chapter&Outlook and Conclusion)
and frequency alimate change impagary Thiscan _
be mapped in the QPS by choosing an appropriart)(gta requirements

intensity factor and annual probability estimated |, nost countrieglatasets on sectoral emissions exis
parallel process. As the pace of climate change,ishave been developed for NDC or kegn low
increasinga suitable factor needs to be determined anghission development strategocesses. Accessing
applied to both intensity and probability. To determingese datasets may require a formal process of appro
lost revenue, past climate damageatiellected in o yrchasérom the institutiorthatinitially generated

a time series and projecited the futuredr each SSP. 1o data Macroeconometric modeku¢h aghe e3

Informationis required abouwhether the financing models) require timeeries (e.g. from 19602020} for

sources for the identified climate adaptation Scenar}ggdelconon;lc hdata.ml]:o(; Ithe energy t?nld emissiorn
are national or international because in the latter cg%% utes_ (_) It ;_ eamo Ies, de(r;ergy d Sancets
there would be monetary funds added to the national €Mtoresinciuding supply and demand by sector ang

accountwhilein the first case money would merely béype (fossil, renewable, heat, electraityyequired on

relocated within the domestic econpragulting in a 'ar.muald t:as.ls. :BaIS(atddoqtht?e dener.gy' ba]!antc
reduction inthe financialresources availabler a emissions data IS calculated with Tixed emission tactd

different sector to finance the selected cIima{e(-SIZ 2023¢) I the required timeeries are available,

adaptation measure. In addition to the international U%ey may contain gaesy. a missing ygagolutions on

national dimensiothe queson of whether investment how to.f|II t.helg(z;ps B_t]Id tl)e |dent|f|e<:] by a Jor:nt K
is private or public should be considered tiraw consortium includingational experts who can chec

conclusions regarding the public budget. the accuracy dhe proposed interpolation.
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Additionally, datare requiretb estimate the costs and This would lead to competition betweerenergy
benefits of mitigation measures. This can includgsoducerswhereclimate friendly firmemitting less
among otherthings the cost of investment in would be cheaper and therefdrave a stronger
photovoltaicsand jobs per MW of capacityfor = comparative advantag®GHG pricesrise Otherwise
operation and maintenance. Overall, the sectothe financial incentive would only work to a certain
economic and emissions dat@. from the transport, extent where energy consuming businessa®
industry or energy sedtomust be collected and incentivised taise existing energyore efficiently to
validated by national experts. As for adaptation, whienver production cost

national data is missing, international data sgurces _ _ _

as the International Energy Agency (IEA), the WorldoWever, in somedeveloping countries energy
Bank,the International &bour OrganizationLO) or production |scentrgbed andoften stateowned.In
otherscan be used. However, it is highly recommend&HCh case, appropriate reforms would have to be
that the selected data from an international publf@Plemented tensurea functioning energy market

sourcearealso thoroughly reviewed and validated by2£fore GHG pricesauld be implementeffectively
national expert to ensure ownership and accuracy. Severdiactorsranging fronthetype of instrumertop
the use of fundsséeFigure 22 can play into the

Process to dentify and selectcarbon pricing identification procesBhereforeit is crucialo not only
instruments focus onthe design of the instrumeim terms of
effectivenessbut to also consider soe@zonomic

The identification q@qssible .mitiga.tion measures Withaspectsuch as political feasibilitg public acceptance
regard to carbon pricing optidreavily depends on the i haramount fosuccesul implementationThis can
circumstances of the energy rears this Sector pe facijitated bynsuringransparencgbout the use of
typically has the highest emissions, followed by,,qgwhich mayereturned to businessor citizens.

agriculture anttansport.A prerequisitefor setting a |, some countrieshere might alreadye taxesrelated
priceon GHGs in the energy sectorimarket where {4 carbon pricig, such as pollution taxes.

consumers can choose betwedferent providers

Identification

Instrument Type Action

(carbon tax / ETS) (GHG-price/cap, Appropriate to mitigate climate impacts
timeline/ pathway, ...)
Sector to be covered Where or who tax?
(energy, agriculture, (emission/
mining...) consumption) Relevance of (expected) macroeconomics effects
Political feasibility Use of funds
(public acceptance, (compensation, public
economic viability, budget, investment- - _
need for action) funds, mixed...) Ability to translate into model

Target indicators
(GHG reduction pathway,

consumption reduction, Data availability (e.g. measurable, quantifiable)
production substitution)

Figur@2 Identification and assessment criteria for carbon pricing

Source©Own illustration

If a carbon pricing instrument idgentified and macroeconomic effethould be investigatehdthe
designedits suitability for macroeconomic modelingavailabity of datassessebdastlythe assumptions and
should then be assess€hle appropriateness of the components of thearbon pricing measushouldbe
measuréor reduingGHG emissionandtheexpected feasible fomtegrationnto the model
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Box 6. Modelling a carbon tax in Mongolia

Mongolia has already experienced significant climate change, waitming over 2C since 194@GHG emissions
have sharply increased, doubling from &lion tonnes of carbon dioxide equivalent ((€)dn 1990 to 46 million
tCQe in 2019. Per capita emissionsareat138€Q much hi gher than the gl ol
a 27.2% GHG emissions reduction by 2030 against projected emission paths, although emissions are proje
nearly triple from 1990 levels by 2030 without structural chasgeéigriculture and energy are the main
contributors, responsible for 97% of GHG emissions in 2020. Energy generation relies heavily on outdatec
based systems, leading to energy inefficiency, pollution and health problems.

A 2024 stakeholder decision highlighted the use of the e3.mn model to analyse the macroeconomic effet
carbon taxation in energy and industry. For it to be effective, energy price reform is essential to ensure emis
costs are reflected in enduser pices.

In a joint stakeholder workshop, the following two scenarios were developed.

Scenario 1é carbon tax Increase to USIB5  50% 25% 25%

in 2040
Scenario 2 carbon tax Increase to USIB5  50% 25% 25%  Leverage
investment leverage in 2040 factor of 5

The carbon tax generates USillion by 2030, USD billion by 2040 and USD6.5 billion by 2050. Half of the
revenue is distributed to households as lump sum transfers, which are fully spent. In Scenario 1, another
funds renewable energy expansiarile the remaining 25% supports the conversion of ebased heating to
carbonfree sources, such as heat pumps, burning waste or biofuels, targeting full decarbonisation
Ul aanbaatar Es heat s up 8I8piliob, with h@ién@ideasts estimated at tUSBoAf
billion. Scenario 2 reallocates 50% of revenues as collateral for green loans, leveraging investments up to
times the collateral. These loans support renewable energy and decarbonised heating, based on estimates i
with stakeholders.

Figur@3 Impacts of Scenarie@®oomgeviations from ref@gnce
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Both carbon tax scenarios havepasitive impact on key economic indicatinigen by increased investment and
private consumption, although this is offset slightly by higher imports of investment goods. Electricity prices r
increasing the overall price leyethile energy consumption shifts towards renewables heat pumpsGHG
emissions decrease both scenarios as a result of investment in zeoarbon technologies, making the carbor
tax an effective tool for climate action and energy sector reform in Mongolia. Renewables are globally recogi
as the most costeffectiveoption for new electricity generation.

The findings align with positive outcomes in other countries with carbon taxes and World Bank observatior
sociceconomic benefits, including reduced air poll
challenges and potential energyipe increases for lowincome groups must be considerdglectricity market
reform is essentiao ensure the carbon tax is effective and its benefits reach consumers.

Crosscutting measures private buildingw/hile alsstrengtheningesiliencdo
temperature changes, such as extreme heat and cold

Crosscutting climate actions aim to red@EG  improvingtheinsulatiorof floors, roofs and wa)ksnd
emissions while also building resilietwceelimate  indirectly reducinghealth risks from extreme
hazardsWhen planning largeale climate action, it is temperatures.

cruciako considehow the proposedneasures support

climate resilience and reelUBHG emissionsto ~ Combiningadaptation and mitigati@ctionrequires

achievea sustainable future. One example of cros§xtensivedata collection expertiseand stakeholder
cutting action isimprovingenergy efficiency in the coordinationbut it alsamaximises climafgotection
building stock in Kazakhstan. Ttriesscuttingaction ~ Promotes efficient use of resources and aligns over
aims to reduce energy consumpiionpublic and development goals with climate action.

Box 7. Modelling Energy Efficiency and Climate Risks in Kazakhstan

Extreme weather events and heatwaves were identified as some of the major climate change threats
Kazakhstan. These result in extremely low and high temperatures. Currently, the heating season in the cou
roughly six months long, with heating nestifrom around 143 to 231 days. Current heating needs and the risk
extreme weather events require different approaches to energy efficiency in buildings in Kazakhstan. The fo
the crosscutting policy scenario is to improve the energy efficiencypablic buildings and private residential
buildings, requiringncreased energy efficiency levieldoth types of buildings. Improving the energy efficiency c
buildings helps todecrease heat stress and reduces heatimg) cooling energy costs, in compliance with
KazakhstanEs Law on Energy Savings and Energy Ef
win-win solutions for mitigation and adaptation in the context of rising energy demand and supmjraiots
due to climate change. To quantify the costs and benefits of the considered energy efficiency improven
assumptions are taken from the CBA conducted by AvantGahileh analysed the costs and benefits for public
and residential buildings in ore detail. These assumptions and the structuring of costs and benefits are the m
source of scenarispecific data used for the implementation of the e3.kz model. The results of the CBA,
implemented in the e3.kz model to analyse the econaritde immct of these adaptation measures, going beyon
the single sector analysis.

Using the e3.kz model with the CBA, the econavide impact of the proposed energy efficiency improvemen
can be calculated. The macroeconomic effects of such measures in residential and public buildings are pos
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