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Glossary of key terms  

 

The entries in this glossary are primarily taken or modified from definitions provided in the Adaptation Gap 

Report 2022 (AGR 2022, pp. VIII -IX) published by the United Nations Environment Programme (UNEP).  

Adaptation The process of adjustment to actual or expected climate and its effects. In human systems, 
adaptation seeks to moderate or avoid harm or exploit beneficial opportunities. In some 
natural systems, human intervention may facilitate adjustment to expected climate 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. It 
typically takes two forms: 

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

Emissions trading system (ETS): Also known as a cap-and-trade system, it sets a cap on 
total emissions and allows companies to buy or sell emission allowances under that cap, 
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 into 
the political process. It combines aspects of the qualitative and quantitative policy 
scenarios with the outcomes of macroeconomic modelling. Generally, it sets out the 
evidence-based socio-economic benefits of implementing sectoral climate 
measures/actions for policy-makers. 

Climate resilient 
development 

The process of implementing greenhouse gas (GHG) mitigation and adaptation measures to 
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, with 
positive income and employment effects. 

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

Costėbenefit analysis 
(CBA) 

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

Dynamic/computable 
general equilibrium model 

Dynamic/computable general equilibrium models consider the interaction between demand 
and supply. Model equations are derived from first principles to make explicit assumptions 
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 and its 
main connections to the environment, i.e. the use of energy resources and the release of 
CO2 emissions into the atmosphere. This integrated modelling approach based on the 3Es 
(energy, economy, emissions) in a single model framework ensures a consistent view of 
possible transition pathways. It enables macroeconomic and sector-specific impacts to be 
calculated and conclusions to be drawn on social balance and ecological benefits. 

Exposure The presence of people, livelihoods, species or ecosystems, environmental functions, 
services and resources, infrastructure or economic, social or cultural assets in places and 
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 be 
involved. An example of a negative externality is pollution from production harming nearby residents, 
and an example of a positive externality is renewable energy that reduces pollution and mitigates 
climate change, benefiting future generations. 

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

Impacts The consequences of realised risks on natural and human systems, where risks result from the 
interactions of climate-related hazards (including extreme weather and climate events), exposure 
and vulnerability. Impacts generally refer to effects on lives, livelihoods, 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 can be 
adverse or beneficial (IPCC 2022a). 

Maladaptation Actions that may lead to increased risk of adverse climate-related outcomes, including via increased 
vulnerability to climate change, diminished welfare or increased GHG emissions, now or in the future. 
Maladaptation is usually an unintended consequence (IPCC 2022a). 
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Executive summary 

 

This Handbook on Macroeconomic Modelling for Climate 

Resilience provides guidance for designing and 

implementing technical assistance on macroeconomic 

modelling to support climate resilient economic 

development in partner countries. It outlines concrete 

steps for developing country-specific, climate-sensitive 

macroeconomic models and for building capacities to 

use the model to assess the impacts of climate change 

on the national economy and to evaluate sector-specific 

adaptation and mitigation measures that contribute to a 

climate resilient economy. The handbook introduces 

macroeconomic modelling as an instrument to assess 

the economy-wide impacts of climate hazards and 

adaptation and mitigation measures. It demonstrates 

how the results can inform key planning instruments, 

such as National Adaptation Plans (NAPs), Nationally 

Determined Contributions (NDCs), long-term low-

emission strategies and other national development 

plans. By being embedded within national ministries of 

economy, finance or planning, the enhanced models 

facilitate the systematic integration of climate aspects 

into economic and financial planning. The handbook 

summarises key advantages, main steps and budget and 

time estimates for modelling climate resilient economic 

development.  

The handbookõs recommendations reflect the 

experience gained and lessons learned from the Global 

Programme on Policy Advice for Climate Resilient 

Economic Development (CRED) and the project 

Policy Dialogue and Knowledge Management on 

Climate Protection Strategies (DIAPOL-CE), 

implemented by the Deutsche Gesellschaft für 

Internationale Zusammenarbeit (GIZ) GmbH on 

behalf of the German Federal Ministry for the 

Environment, Climate Action, Nature Conservation 

and Nuclear Safety (BMUKN) under the International 

Climate Initiative (IKI). CRED piloted the approach of 

using macroeconomic assessments for adaptation 

planning in Georgia, Kazakhstan and Viet Nam 

between 2019 and 2025. Additionally, the approach has 

been upscaled in Mongolia, Jordan, Uganda, Algeria 

and Nigeria by the DIAPOL-CE project.                        

The Mongolian model was extended through a 

macroeconomic analysis of carbon pricing and its 

impacts on emissions and on the economy, while the 

models in Algeria, Uganda and Jordan were used to 

analyse low-emission development pathways in the 

energy and transport sectors. This handbook provides 

guidance for designing an approach that develops 

capacities to use macroeconomic modelling to support 

climate resilient economic development. The approach 

can be used by interested ministries, practitioners and 

development partners. 

The key advantages of the approach are that it: 

V Provides data-driven guidance for policy-makers 

on economy-wide adaptation and mitigation 

planning in the medium to long term 

V Drives climate action mainstreaming by fostering 

interministerial collaboration and scienceðpolicy 

dialogue 

V Ensures coherent climate policies by assessing the 

interactions of adaptation and mitigation measures 

V Helps partners unlock climate finance and the 

political will for reform by providing an evidence 

base on development opportunities and investment 

potential 

V Provides added value for policy-makers by 

unveiling the economy-wide impacts of climate 

hazards and investment in adaptation action and 

the effects of carbon prices on socio-economic 

aspects, including revenue recycling (how funds 

collected from carbon pricing are used) in the 

medium to long term 

V Contributes to cross-sectoral and long-term 

adaptation and mitigation planning  

V Facilitates climate action mainstreaming by 

engaging stakeholders from ministries, agencies, 

academia and non-governmental institutions  
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V Contributes to coherent climate policies by 

assessing the interactions of adaptation and 

mitigation measures (key trade-offs and synergies), 

for example, quantifying the impact of adaptation 

measures on the national GHG emission trajectory  

V Supports access to climate finance 

To reap these benefits, we recommend the following 

seven steps, the details of which are set out in this 

handbook: 

1. Set up the project 

2. Create a climate-sensitive macroeconomic model 

3. Identify adaptation or mitigation options 

4. Assess adaptation or mitigation options 

5. Select adaptation or mitigation options 

6. Support implementation of climate action 

7. Apply an independent model for climate action 

The handbook provides general estimates on a potential 

timeline and expert days required for implementing the 

approach for modelling climate resilient economic 

development and the key steps in one or more 

countries. It  proposes tasks that should be completed 

for each key step. It also provides estimates on the 

expert days (both national and international experts are 

required) needed to carry out those tasks.  

Table 1 below provides a preliminary overview of the 

sequencing of the steps. Each of the seven steps 

involves several tasks, which are described in detail in 

Chapters 1 to 7. A more detailed workplan is presented 

in Table 2 in the introductory chapter, which also 

indicates specific sub-tasks for the different steps. 

  

 

Table 1: Overall workplan for developing and applying a macroeconomic model 

Workplan  

(month of project 
implementation) 

1ė6 7ė9 10ė12 13ė15 16ė18 19ė21 22ė24 25ė30 

Step 1: Set up the project NE: 
70ė110 
IE: 
0ė15 

       

Step 2: Create a 
macroeconomic model 

NE: 
20ė40 
IE: 
0ė10  

NE: 
55ė95 
IE: 
40ė65 

NE: 
45ė75 
IE: 
50ė75 

NE: 
5ė20 
IE: 
55ė80 

NE: 
0ė10 
IE: 
35ė50 

NE: 
0ė5 
IE: 
20ė30 

NE: 
0ė5 
IE: 
20ė30 

 

Step 3: Identify climate 
measures 

NE: 
5ė10 
IE: 
0ė5 

NE: 
30ė50 
IE: 
20ė30 

NE: 
35ė50 
IE: 
15ė25 

     

Step 4: Assess climate 
measures 

   NE: 
10ė20 
IE: 
30ė45 

NE: 
15ė25 
IE: 
30ė60 

NE: 
5ė10 
IE: 
20ė30 

  

Step 5: Select climate 
measures 

    NE: 
20ė30 
IE: 
5ė10 

NE: 
30ė45 
IE: 
5ė15 

NE: 
20ė30 
IE: 
0ė5 

 

Step 6: Support 
implementation  

    NE: 
20ė30 
IE: 
10ė15 

NE: 
40ė60 
IE: 
20ė30 

NE: 
25ė40 
IE: 
20ė30 

NE: 
25ė40 
IE: 
20ė30 
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The suggested project duration of 30 months is only 

indicative. Additional time might be considered for 

project preparation and closing as well as for supporting 

the implementation of concrete adaptation or 

mitigation measures. Depending on the countryõs 

modelling capacities, some steps can be reduced or 

omitted. We estimate that full implementation of the 

seven steps would require support amounting to 495 to 

840 national expert days and 430 to 715 international 

expert days. More time might be needed depending on 

the adaptation measures to be implemented and the 

time frame for the respective policies.  

If macroeconomic modelling is to be implemented in 

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

needed per country. On the one hand, administrative 

processes, including procurement, become more 

efficient for GIZ, and on the other, a single service 

provider covering multiple countries can work more 

productively, as cross-country learning and preparation 

of information facilitates the provision of deliverables. 

Specifically, fewer international expert days are needed 

per country. We expect a reduction of around 20% in 

international expert days for each additional country 

covered by international experts providing services 

under the same contract. 

 

 

 

 

 

 

 

Throughout project implementation, there are some 

key success factors to keep in mind: 

ü Maintain the political mandate: Clearly defining 

the responsibilities of governmental actors for 

modelling and climate action planning is key. To 

this end, a memorandum of understanding (MoU) 

with all the government institutions involved, 

establishing their respective roles in the activity, can 

facilitate ownership. As these responsibilities may 

lie with different ministries or institutions, it is 

important to facilitate interinstitutional dialogue to 

ensure that those in charge of adaptation or 

mitigation planning understand and utilise 

assessments conducted with the climate-sensitive 

macroeconomic model in their policy-making. 

ü Identify key modellers and keep them 

engaged: Holding a less technical kick-off 

workshop with a broad audience to introduce the 

different aspects of the activities facilitates the 

identification of relevant stakeholders. 

Independent application and further development 

of a climate-sensitive macroeconomic model 

requires in-depth understanding of the model 

through participation in model builder training. To 

ensure that the model can be independently applied 

after the project ends, it is necessary to identify and 

support key modelling experts who have the 

required capacity and mandate/political backing.  

ü Invest in communication aimed at different 

target groups: Macroeconomic assessments 

involve many technical issues, and it is therefore 

important to clearly adapt communication about 

the model, its results and its validity to the target 

group (e.g. policy-makers vs modelling experts). 

Step 7: Apply an independent 
model 

       NE: 
20ė40 
IE: 
15ė30 

National expert (NE) days 
(total 495ė840) 

95ė160 85ė145 80ė125 15ė40 55ė95 75ė120 45ė75 45ė80 

International expert (IE) days 
(total 430ė715) 

0ė30 60ė95 65ė100 85ė125 80ė135 65ė105 40ė65 35ė60 

https://gizonline.sharepoint.com/sites/ModellingTaskForceCREDDIAPOL-CEco.withguests/Freigegebene%20Dokumente/General/Mongolia/MoU_MN_template.docx?web=1
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INTRODUCTION: HOW TO USE THIS HANDBOOK 

 

This handbook provides guidance for development 

cooperation projects that support measures aimed at 

strengthening capacities for climate resilient economic 

development. It presents an approach and concrete 

steps to design activities that build capacity for assessing 

the impacts of climate change on the national economy 

and evaluating sector-specific and economy-wide 

adaptation and mitigation measures that contribute to 

climate resilience. It introduces macroeconomic 

modelling as an instrument to assess the economy-

wide impacts of climate hazards and adaptation 

and mitigation measures. Transitional risks are not 

an explicit part of the scope of the modelling but should 

be considered throughout the whole process. The 

handbook builds on the experience gained and lessons 

learned from the IKIõs Global Programme CRED, 

which piloted the approach involving the use of 

macroeconomic assessments for adaptation planning in 

Georgia, Kazakhstan and Viet Nam between 2019 and 

2025,1 and the project DIAPOL-CE,2 which 

implemented modelling activities in Algeria, Jordan, 

Mongolia, Nigeria and Uganda.  

 

Why do we need to strengthen 
capacities for climate 
resilience? 

Climate resilience is becoming increasingly important as 

climate risks intensify due to anthropogenic climate 

change. The 2022 Sixth Assessment Report of the 

Intergovernmental Panel on Climate Change (IPCC 

AR6) describes in detail how the risks of climate change 

could unfold over the course of the century. A key 

concept is emission scenarios, now described in the 

Shared Socio-economic Pathways (SSPs), building on 

the older Representative Concentration Pathways 

(RCP). In this handbook, both concepts are used. The 

IPCC figure below (Figure 1) shows the emission 

trajectories associated with the SSPs. For economic 

assessments of climate change, the full spectrum of 

risks should be considered, including at least one severe 

and one less severe climate scenario. Scenario analysis 

is an established tool for strategic planning and 

increasingly applied to climate risk management.3 The 

translation of climate hazard scenarios into economic 

risks is described further in Chapter 2. 

 

 

1 For an overview on the Global Programme CRED and knowledge products on its website, see https://www.giz.de/en/projects/policy-advice-climate-
resilient-economic-development  

2 For an overview on the DIAPOL-CE project and knowledge products on its website, see https://www.giz.de/en/worldwide/123695.html. 

3 See, for example, Task Force on Climate-related Financial Disclosures (TCFD) Knowledge Hub, The Use of Scenario Analysis in Disclosure of Climate-
related Risks and Opportunities. 

https://www.giz.de/en/projects/policy-advice-climate-resilient-economic-development
https://www.giz.de/en/projects/policy-advice-climate-resilient-economic-development
https://www.giz.de/en/worldwide/123695.html
https://www.tcfdhub.org/scenario-analysis/
https://www.tcfdhub.org/scenario-analysis/
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Figure 1: Climate change scenarios according to the IPCC 

Source: IPCC (2021)  
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Figure 2: Key risks and reasons for concern according to the IPCC 

Source: IPCC (2023) 

The impacts of climate change can be reduced with 

effective adaptation action. However, as the AGR 2022 

stresses, ô[g]lobal efforts in adaptation planning, 

financing and implementation continue to make 

incremental progress but fail to keep pace with 

increasing climate risksõ (AGR 2022, p. XIII), 

presenting key reasons for concern from the IPCC 

AR6. As Figure 2 shows, all climate scenarios (i.e. SSP 

scenarios) that do not involve rapid and large-scale 

GHG emission reductions result in high risks.  

With the current pace of increase in GHG emissions 

per year (as of 2024), many countries will face 

significant climate-induced impacts that scientists are 

only beginning to understand in terms of severity and 

timing, as risks are also cascading and compounding.4 

According to the IPCC, ô[c]limate resilient development 

integrates adaptation measures and their enabling 

conditions with mitigation to advance sustainable 

development for allõ (IPCC 2022b). Additionally, the 

IPCC defines adaptation ôin human systems, as the 

process of adjustment to actual or expected climate and 

its effects in order to moderate harm or take advantage 

of beneficial opportunitiesõ (IPCC 2022b).  

 

4 Cascading and compounding risks refer to amplification effects resulting from interdependencies between systems and sub-systems of coupled natural and 
socio-economic systems in response to changes and feedback loops. The combined effects of interacting stressors are important but complex; 
macroeconomic analysis can support the assessment by taking into account non-climatic risks. See, for example, Lawrence et al. (2020), ôCascading climate 
change impacts and implicationsõ. Climate Risk Management, Vol. 29. 

Climate resilience is a comprehensive emerging concept 

and development paradigm that not only involves 

climate adaptation but also mitigation. On a global 

scale, resilience can only be achieved if emissions are 

reduced rapidly. In other words, climate adaptation 

seeks to alleviate the symptoms of anthropological 

climate change, while climate mitigation tackles 

the root causes by facilitating GHG emission 

reduction. Therefore, in addition to the analysis of 

climate adaptation measures, climate-sensitive 

modelling allows the impact of carbon pricing measures 

on the economy to be evaluated in order to provide an 

overall view of climate action. 

With strong climate change impacts expected on 

economic growth and development, it becomes 

imperative to include a long-term economic perspective 

in adaptation planning and risk management. The 

planning and implementation of adaptation measures 

focusing only on short-term, incremental effects could 

result in maladaptation, which increases vulnerability in 

the long term. In this context, climate-sensitive 

macroeconomic modelling provides important 

information to put different sectoral actions into 

context and select the most beneficial climate measures.  
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With adequate data input, macroeconomic models can 

also assess the interactions of adaptation and mitigation 

measures (key trade-offs and synergies) by quantifying 

the impact of adaptation measures on the national 

GHG emission trajectory. 

The approach presented in this handbook aims to 

provide practical recommendations on how economic 

modelling can be used as a tool to support climate 

adaptation and mitigation planning in partner countries. 

Ultimately, the success of such efforts depends on 

effective integration within the broader climate action 

agenda in partner countries.  

For the adaptation part of the model, the approach 

presented is examined against the set of key principles 

identified in UNEPõs AGR (see Adaptation Gap Report 

2023: Underfinanced. Underprepared. Inadequate 

Investment and Planning on Climate Adaptation 

Leaves World Exposed). If implemented successfully, 

macroeconomic modelling has the potential to 

contribute to several of these principles. It  is particularly 

relevant for integration with development strategies, 

the integration of scientific knowledge into adaptation 

planning, avoidance of maladaptation and a systematic 

reduction of the drivers of vulnerability by tackling the 

economic root causes, such as heavy reliance on highly 

vulnerable economic sectors.  

 

Box 1. Best adaptation practice according to the AGR 2022, 2023 and 2024 and links to the climate 
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. indigenous 

peoples) into decision-making and co-development of adaptation planning and implementation to reflect 

differing values, perspectives and interests and produce equitable, fair and just adaptation outcomes 

o Limited: The climate resilient economic modelling approach supports inclusion of economic, financial 

and private sector stakeholders. Its focus on linking adaptation with economic development should 

be used to include marginalised groups. 

> Transparency, accountability and predictability of support and integration of adaptation into national 

development priorities, strategies and the Sustainable Development Goals (SDGs) 

o Key: The climate resilient economic modelling approach is instrumental in achieving this integration. 

Linkages to SDGs can be achieved with more comprehensive macroeconomic models that explicitly 

inform national SDG indicators (e.g. by expanding the socio-economic part of the model). 

> Flexible programming and adaptative management of implementation to consider feedback and learnings 

and to enhance efficiencies  

o Limited, but the modelling approach enables the engagement of stakeholders in sectoral adaptation 

actions and enhances efficiencies with regard to public benefits. 

> Investment in local capabilities, capacity development and democratic governance structures in support 

of climate risk management and empowerment for long-term sustainability 

o Key: It is a systematic capacity development approach that improves adaptation governance structures 

through the multi-stakeholder cooperation it necessarily entails. 

> Consideration of future risks, including climate trajectories and uncertainties, to minimise unintended 

consequences and maladaptation while enhancing adaptation ambition. Greater consideration of 

compounding, accelerating and cascading impacts of complex climate risks.  

o Key: The modelling approach provides evidence to scrutinise intersectoral dynamics and avoid 

maladaptation. Adaptation ambition is enhanced by exposing economic benefits.  

https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwedocs.unep.org%2Fitems%2F635ff4d3-010e-4a52-a75d-bb050e75d6ee&data=05%7C02%7Calvira.yertayeva%40giz.de%7Ccbdf38dfb491451e94e108de37da5148%7C5bbab28cdef3460488225e707da8dba8%7C0%7C0%7C639009607964882814%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=5H63khuLG5rYPzvUZeCnDwgrY%2BacJrGRe%2BSyIGN1p6Y%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwedocs.unep.org%2Fitems%2F635ff4d3-010e-4a52-a75d-bb050e75d6ee&data=05%7C02%7Calvira.yertayeva%40giz.de%7Ccbdf38dfb491451e94e108de37da5148%7C5bbab28cdef3460488225e707da8dba8%7C0%7C0%7C639009607964882814%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=5H63khuLG5rYPzvUZeCnDwgrY%2BacJrGRe%2BSyIGN1p6Y%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwedocs.unep.org%2Fitems%2F635ff4d3-010e-4a52-a75d-bb050e75d6ee&data=05%7C02%7Calvira.yertayeva%40giz.de%7Ccbdf38dfb491451e94e108de37da5148%7C5bbab28cdef3460488225e707da8dba8%7C0%7C0%7C639009607964882814%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=5H63khuLG5rYPzvUZeCnDwgrY%2BacJrGRe%2BSyIGN1p6Y%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwedocs.unep.org%2Fitems%2F635ff4d3-010e-4a52-a75d-bb050e75d6ee&data=05%7C02%7Calvira.yertayeva%40giz.de%7Ccbdf38dfb491451e94e108de37da5148%7C5bbab28cdef3460488225e707da8dba8%7C0%7C0%7C639009607964882814%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=5H63khuLG5rYPzvUZeCnDwgrY%2BacJrGRe%2BSyIGN1p6Y%3D&reserved=0
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> Integration of local, traditional, indigenous and scientific knowledge into design, implementation, and 

monitoring and evaluation to enhance buy- in and 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/or 

vulnerabilities to climate hazards to embark on climate resilient development pathways 

o Key: The macroeconomic scenarios expose economic structures and identify transformations required 

to structurally reduce vulnerability and support resilience. The extent to which social inequalities are 

addressed depends on the scope of the model (very limited in the current version). It is also a 

systematic approach for assessing the effects of the structural transformation of the national economy 

on a countryĚs vulnerability/climate risk pathways. Such analysis can inform what is referred to as 

ętransformative adaptationĚ, which is intentionally growing/transforming an economy out of the most 

vulnerable economic sectors or regions. 

 

Learning from a pilot: Modelling 
climate resilient economic 
development 

Responding to the increasing need for climate 

resilience, GIZ has been actively supporting evidence-

based policy-making on adaptation to climate change at 

the national level in partner countries. This approach 

has been piloted by the BMUKN through various GIZ 

initiatives.  

Country-specific macroeconomic models have been 

developed together with national partners in a number 

of countries, including Georgia, Kazakhstan, Mongolia, 

Viet Nam and Nigeria. These models provide key 

information for policy-makers: (1) the modelling results 

show how different climate hazards impact the 

economy up to the year 2050 and (2) economy-wide 

effects of investments in different adaptation measures 

are assessed. This makes it possible to compare a set of 

adaptation measures and identify which ones (or which 

combination) contribute 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 hydropower and thermoelectric power 

plants. Therefore, it is beneficial to combine adaptation 

and mitigation measures ð in this case, energy efficiency 

measures and wind power expansion ð to maintain 

energy security (GIZ 2021c). 

The targeted outcome is to provide methods and 

instruments to analyse and plan climate resilient 

economic development. This also supports 

implementation of the adaptation components of 

NDCs. The outcome was linked to three different 

outputs, namely capacity development, policy advice 

and the dissemination of results, as illustrated in Figure 

3 below. 

When developing climate adaptation strategies, several 

aspects need to be considered (see Figure 4). Starting 

with climate risk assessments to identify relevant 

hazards, a sectoral impact analysis highlights how the 

economy may be affected, while the subsequent 

economic assessment shows consequences and 

opportunities for markets that decision-makers can use 

for further planning. 
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Figure 3: Outcome and outputs of the CRED programme 

Source: Own illustration 

 

 

Figure 4: Considerations for developing climate adaptation strategies 

Source: European Commission (2021) 
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Climate mitigation ė Economic 
considerations 

Countries that are signatories to the Paris Agreement 

have committed to significant emission reductions to 

contribute to the goal of limiting global warming to well 

below 2 °C above pre-industrial levels. Ambitious 

NDCs to the Paris Agreement need to be aligned with 

national economic and policy plans. Modelling allows 

governments to make decisions based on quantitative 

analysis when comparing the effects of different low-

carbon policy measures on economic growth and job 

creation. Different types of mitigation policies and 

sectors with mitigation potential can be assessed in 

economic models:  

> Carbon pricing: Development of a scenario that 

describes policy action for the implementation of a 

carbon tax or an ETS 

> Energy policy: Scenarios with different energy 

policies, for example, increased investment in 

renewable energy or new legal standards in energy 

efficiency can be defined with stakeholders and 

assessed in terms of emission reduction and 

economic impacts compared to a baseline scenario  

> Transport policy: Scenarios with different 

transport policies, for example, increased uptake of 

electric vehicles or investment in public transport 

measures, such as (rapid) bus systems or trams  

Why do we need to align economic development 

with emission reduction and just transition 

targets? 

Climate mitigation practices often involve 

transformation aspects that may initially have higher 

investment costs. The energy system needs to be 

changed to implement different electricity production 

and distribution systems. Higher energy prices would 

affect lower-income households more than other 

groups; therefore, just transition efforts should be 

considered. 

In Mongolia, the modelling approach was extended by 

analysing how the introduction of carbon pricing would 

impact the real economy over the next decades. More 

specifically, the scenarios that have been developed 

jointly with national stakeholders consider a carbon tax 

on the energy and industry sectors. The results indicate 

that even in Mongolia, a country with vast cheap coal 

resources, the introduction of a carbon tax could lead 

not only to a reduction in GHG emissions but also to 

an increase in gross domestic product (GDP). 

However, the government must establish an 

appropriate regulatory framework, and tax revenues 

should be used optimally to allow for an effective and 

just transition that considers social, economic and 

environmental aspects. One effective tool for achieving 

a just transition is a lump-sum return per capita, which 

was assessed in the modelling approach. 

In Uganda and Algeria, the economic effects of 

increased renewable energy and energy efficiency 

measures were assessed in an e3 model. In Jordan, the 

economic effect of different transport policies in the 

capital city of Amman and nationally were assessed. In 

all three countries, the analysis assessed not only the 

economic impacts of selected measures but also their 

impacts on emissions compared to a business-as-usual 

(BAU) scenario.  

 

Objective of modelling climate 
resilient economic development 

This handbook aims to provide policy-makers and 

practitioners with practical and structured guidelines on 

how to create a country-specific, climate-sensitive 

macroeconomic model and build the capacities required 

to use and further develop the model. As a result, 

national policy-makers and economists gain technical 

expertise on macroeconomic models and strategic 

capabilities for long-term policy planning. Moreover, as 

a key feature, the capacity development approach 

specifically aims to give model builders the ability to 

independently refine and adapt national climate-

sensitive macroeconomic models to include future 

exogenous shocks and other unforeseen circumstances. 

An important benefit of macroeconomic modelling is 

that it permits the identification of the long-term direct, 

indirect, induced and overall socio-economic impacts 

resulting from the implementation of adaptation or 

mitigation measures under ongoing climate crisis 

conditions. National ministry policy-makers can use 

these results to determine which policy measures (or 

combination of measures) provide the most benefits for 

the whole economy in the medium to long term.  
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In addition, the chances of receiving climate finance for 

implementation might increase if policy-makers back 

their funding applications up with robust and science-

based quantitative modelling results. 

The macroeconomic models are designed to inform 

policy decisions at the national level by improving the 

information basis with long-term estimates on key 

economic indicators. While the principle of 

integrating climate risks and the (economic) 

benefits of adaptation measures into 

macroeconomic models is the same across all partner 

countries, the underlying models differ. In Kazakhstan, 

Georgia and Mongolia, e3 (economy, energy, 

emissions) models were used ð called e3.kz in 

Kazakhstan, e3.ge in Georgia and e3.mn in Mongolia ð 

while partners in Viet Nam and Nigeria opted for a 

dynamic or computable general equilibrium (DGE or 

CGE) model. The specific mechanisms and data 

requirements underlying the models are set out in the 

CRED Global Report (GIZ 2023b), along with a 

technical summary of the models.  

Rather than providing detailed model descriptions, this 

handbook focuses on how technical assistance and 

international projects can be structured, what resources 

are required and which aspects are critical to achieving 

impact. Accordingly, it sets out a pragmatic seven-step 

approach detailing the key requirements for supporting 

climate action planning with macroeconomic models. 

Starting from the use case can help development 

practitioners to design their own projects for climate-

sensitive macroeconomic modelling in the most 

efficient way. The handbook is a first step in structuring 

practical insights from piloting the approach as input 

for this emerging field. Each chapter of the handbook 

highlights the relevance of macroeconomic models in 

supporting adaptation planning and summarises key 

steps for organising capacity development to enable 

project partners to use economic models 

independently.  

The seven-step approach for climate resilience is 

divided into three distinct phases (shown below in 

Figure 5):  

> Phase 1 (blue, Steps 1 to 3): Establishing the basis 

for supporting country-specific climate action with 

macroeconomic models. A key step is identifying 

economic sectors that are most affected by climate 

impacts and those that are emitting the most 

GHGs. This is based on a systematic review of 

sectoral and regional data on past and ongoing 

economic damages from climate change and an 

analysis of national GHG inventories. In addition, 

national priority climate measures are identified for 

subsequent in-depth assessments.  

> Phase 2 (orange, Step 4): Modelling economy-wide 

and sector-specific effects of climate hazards and 

analysis of consumer behaviour, especially with 

regard to GHG-intensive goods (e.g. energy and 

transport). It also involves the systematic 

evaluation of investment in the priority climate 

measures identified.  

> Phase 3 (green, Steps 5 to 7): Combining the 

modelling results of selected measures with 

additional information for comprehensive 

guidance on climate resilience. Implementation is 

supported by using the systematic economic 

evaluation, including improved understanding of 

investment and climate finance needs for 

adaptation and mitigation. Monitoring and 

evaluation of climate action is improved by 

considering the economic effects of adaptation and 

mitigation, which supports the identification of 

additional new measures to enable climate resilient 

economic development. 
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Figure 5: Macroeconomic modelling in the 
adaptation policy cycle 

Source: Based on European Commission (2021)  

 

 

 

 

 

 

 

For each of these key steps of adaptation and mitigation 

planning, the handbook will outline:  

> The added value of a macroeconomic perspective 

on climate change  

> Possible capacity development needs and suitable 

approaches 

> Resources required to implement the approach in 

terms of international and national expert input 

(including estimation of expert days and time 

required for key steps) 

> Templates for terms of reference (ToR) for work 

packages to be tendered out, as used by GIZ 

projects (only accessible via the GIZ intranet) 

> Required engagement of key stakeholders to enable 

the creation of macroeconomic models and the use 

of results in adaptation planning processes 

The approach presented in the handbook contributes 

to the broader climate risk management effort with a 

specific instrument (macroeconomic models) that is 

open to a broad range of interfaces and development 

objectives (disaster risk management, climate finance 

and insurance, in particular). The approach thus aligns 

with the efforts of the Global Risk Modelling Alliance 

(GRMA), the Network for Greening the Financial 

System (NGFS) and other initiatives.  

Č The macroeconomic modelling approach 

presented is unique in its focus on climate 

risks, adaptation, prospects for the real 

economy and capacity development to enable 

independent modelling by experts in the 

partner countries. 

The handbook is generic but stresses key areas where it 

is crucial to adjust certain aspects to specific national or 

regional circumstances (e.g. conduct a baseline study on 

economic models at the outset). Future projects using 

macroeconomic models will be different each time, 

depending on the countryõs exposure to climate change 

impacts, economic structure, partner set-up and 

available funding. Readers are encouraged to share 

experiences, with a view to contributing to an improved 

updated version (this is already the second version). The 

Adaptation Community web portal provides a valuable 

space for exchange in this regard (Climate Change 

Adaptation ð Adaptation Community). A designated 

sub-page on the Adaptation Community web portal 

features the handbook as well as other knowledge 

products and country experiences from the GIZ CRED 

and DIAPOL-CE programmes (Economics of Climate 

Adaptation - Adaptation Community). 
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https://www.adaptationcommunity.net/wp-content/uploads/2019/02/CRM-Infosheet.pdf
https://www.grma.global/
https://www.ngfs.net/en
https://www.adaptationcommunity.net/about-climate-change-adaptation/
https://www.adaptationcommunity.net/about-climate-change-adaptation/
https://www.adaptationcommunity.net/economics-of-climate-adaptation/
https://www.adaptationcommunity.net/economics-of-climate-adaptation/
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Overview of timeline and expert 
days required 

The handbook also provides general estimates on a 

potential timeline and expert days required to 

implement the CRED approach in another country or 

group of countries. A typical implementation time of 30 

months is assumed.5 For each key step, the handbook 

indicates tasks that should be carried out and provides 

estimates on the number of expert days (both national 

and international experts are required) needed to 

perform those tasks. Tables are provided at the end of 

each chapter showing this information. Table 2 

provides a detailed overview of the sequencing of the 

steps and sub-tasks, including the potential expert days 

required. If  macroeconomic modelling is to be 

implemented in more than one country at the same 

time, less effort is needed per country.  

 

On the one hand, administrative processes, including 

procurement, become more efficient for GIZ, and on 

the other, a single service provider covering multiple 

countries can work more productively, as cross-country 

learning and preparation of information facilitates the 

provision of deliverables. Specifically, fewer 

international expert days per country are needed in this 

case. 

The workplan in Table 2 shows only the external 

support potentially needed. It does not list personnel 

requirements for the project management unit 

implementing the project. In terms of permanent staff, 

there should be at least one full-time person in each 

country facilitating the activities. Additional support 

from headquarters is also needed to arrange 

contracting, deal with reporting and facilitate learning 

and exchange, in particular, when more than one 

country is involved. It is suggested that one person 

from headquarters manage the implementation of the 

macroeconomic model in one or two countries. This 

will ensure the comprehensive and in-depth application 

of the approach. 

Table 2: 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 
implementation) 

1ė6 7ė9 10ė12 13ė15 16ė18 19ė21 22ė24 25ė30 

Step 1: Set up the project 
NE: 70ė110 
IE: 0ė15 

       

Task 1.1: Establish high-level 
political mandate 

NE: 10ė20 
IE: 0 

       

Task 1.2: Build network with 
key national partners 

NE: 20ė30 
IE: 0ė5 

       

Task 1.3: Conduct baseline 
study on existing models 

NE: 30ė40 
IE: 0ė5 

       

Task 1.4: Organise workshop 
on model type and scope 

NE: 10ė20 
IE: 0ė5 

       

 

5 It could certainly take longer (e.g. 48 months) if more support is provided to apply macroeconomic models for decision-making; 30 months could therefore 
be considered the lower bound. It might also be possible for implementation to be faster if there is less capacity development. However, for the sake of 
simplicity, the handbook presents an average case, which needs to be tailored to specific requirements. 
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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 
implementation) 

1ė6 7ė9 10ė12 13ė15 16ė18 19ė21 22ė24 25ė30 

Task 1.5 Tender out support 
NE: 0 
IE: 0 

       

Step 2: Create a climate-
sensitive macroeconomic 
model 

NE: 125ė250 
IE: 220ė340 

 

Task 2.1: Identify 
macroeconomic model 

 NE: 5ė10 
IE: 5ė10 

      

Task 2.2: Collect economic 
data  

 NE: 20ė30 
IE: 10ė15 

NE: 20ė30 
IE: 10ė15 

     

Task 2.3: Set up and calibrate 
macroeconomic model 

  NE: 5ė10 
IE: 20ė30 

NE: 5ė10 
IE: 20ė30 

    

Task 2.4: Carry out capacity 
development  

   NE: 0ė5 
IE: 20ė30 

NE: 0ė5 
IE: 20ė30 

NE: 0ė5 
IE: 20ė30 

NE: 0ė5 
IE: 20ė30 

 

Task 2.5: Review economic 
risks from climate change 

NE: 10ė20 
IE: 0ė5 

       

Task 2.6: Identify key 
vulnerabilities and hazards 

NE: 10ė20 
IE: 0ė5 

NE: 10ė20 
IE: 5ė10 

      

Task 2.7: Model climate hazard 
scenarios 

 NE: 0ė5 
IE: 15ė20 

NE: 0ė5 
IE: 15ė20 

     

Task 2.8: Conduct assessment 
of economic damage 

 NE: 20ė30 
IE: 5ė10 

NE: 20ė30 
IE: 5ė10 

     

Task 2.9: Integrate damage 
functions into model 

   NE: 0ė5 
IE: 15ė20 

NE: 0ė5 
IE: 15ė20 

   

Step 3: Identify climate 
measures 

NE: 70ė110 
IE: 35ė60 

     

Task 3.1: Identify priority 
adaptation measures 

NE: 5ė10  
IE: 0ė5 

NE: 20ė30 
IE: 10ė15 

      

Task 3.2.1: Compile data on 
priority adaptation measures 

 NE: 5ė10 
IE: 5ė10 

NE: 30ė40 
IE: 10ė15 

     

Task 3.2.2: Compile data on 
priority mitigation measures 

 NE: 5ė10 
IE: 5 

NE: 5ė10 
IE: 5ė10 

     

Step 4: Assess climate 
measures 

   NE: 30ė55 
IE: 80ė135 

  

Task 4.1.1: Integrate adaptation 
measures into model 

   NE: 5ė10 
IE: 20ė30 

NE: 5ė10 
IE: 5ė10 
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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 
implementation) 

1ė6 7ė9 10ė12 13ė15 16ė18 19ė21 22ė24 25ė30 

Task 4.1.2: Integrate mitigation 
measures into model 

   
NE: 5ė10 
IE: 10ė15 

NE: 5 
IE: 5ė10 

   

Task 4.2: Model 
macroeconomic impacts 

    
NE: 5ė10 
IE: 20ė40 

NE: 5ė10 
IE: 20ė30 

  

Step 5: Select climate 
measures 

    NE: 70ė105 
IE: 10ė30 

 

Task 5.1: Translate results into 
recommendations 

    NE: 20ė30 
IE: 5ė10  

NE: 20ė30 
IE: 5ė10  

  

Task 5.2: Integrate modelling 
results into planning 

     NE: 10ė15 
IE: 0ė5 

NE: 20ė30 
IE: 0ė5  

 

Step 6: Support 
implementation of climate 
measures 

    NE: 110ė170 
IE: 70ė105 

Task 6.1: Establish stakeholder 
interfaces for results  

    NE: 20ė30  
IE: 10ė15 

NE: 20ė30  
IE: 10ė15 

  

Task 6.2: Build linkages with 
budget and climate finance 

     NE: 20ė30  
IE: 10ė15 

NE: 20ė30  
IE: 10ė15 

NE: 20ė30  
IE: 10ė15 

Task 6.3: Develop financing 
proposals 

      
NE: 5ė10 
IE: 10ė15 

NE: 5ė10  
IE: 10ė15 

Step 7: Apply an independent 
model for adaptation action 

       NE: 20ė40 
IE: 15ė30 

Task 7.1: Expand adaptation 
indicators for monitoring 
resilience 

       NE: 10ė20  
IE: 5ė10 

Task 7.2: Prepare for updating 
model  

       NE: 10ė20  
IE: 5ė10 

Task 7.3: Officially hand over 
model to partner institution 

       NE: 0 
IE: 5ė10 

National expert (NE) days 
(total: 495ė840) 

95ė160 85ė145 80ė125 15ė40 55ė95 75ė120 45ė75 45ė80 
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1 SETTING UP THE PROJECT 

 

When setting up a project to support 

adaptation/mitigation planning with macroeconomic 

modelling, it is essential to prepare the ground for 

tangible climate action. This includes the following: 

ü Establish a high-level political mandate for 

climate action (e.g. MoU, kick-off workshop) 

ü Build a network with key national actors 

ü Conduct a baseline study on existing economic 

modelling approaches 

ü Organise a workshop on model type and scope 

ü Tender out international support for project 

implementation 

This chapter provides an overview on these steps. 

 

 

 

 

1.1 Establishing a high-level 
political mandate 

Macroeconomic models can play an important role in 

achieving climate resilient economic development 

because they enable partner countries to create their 

own country-specific evidence base on the economic 

benefits of climate action. The ability of the 

macroeconomic approach to support national debates 

with better evidence needs to be understood by 

decision-makers in partner countries to ensure full 

ownership and high-level backing. Therefore, it is of 

key importance to initiate a stakeholder engagement 

process early on to share this knowledge and clarify 

related questions. 

Successfully setting up a stakeholder engagement 

process to guide and use macroeconomic modelling 

depends on establishing strong ownership to ensure 

that climate action, especially adaptation, is integrated 

into existing institutional frameworks and the national 

planning process. This is discussed in detail in the 

practitionerõs guide Using Climate Economic Modelling 

for Sustainable Economic Development, which sets out 

key entry points for macroeconomic models to support 

adaptation planning.

Macroeconomic

modellingof climate

measures

6.Implemen-

tation

2. Creating a
macroeconomic

model

3. Identifying
climate
measures

4. Assessing
climate
measures

6.
Implementability

5. Selecting
climate
measures

7.
Independent
model

application

This chapter explains:

Å What is climate resilience and

mitigation all about?

Å Which cooperation structures are

needed for macroeconomic climate

assessments?

Å Where to start?

Time/ input required:

up to 6 months

70-110 national expert days

0-15 international expert days

1. Project

setup

https://www.giz.de/en/downloads/giz2021-en-climate-economic-modelling-practitioners-guide.pdf
https://www.giz.de/en/downloads/giz2021-en-climate-economic-modelling-practitioners-guide.pdf
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Box  2. Entry point for establishing a political mandate 

Importance of a high-level political mandate  

The political mandate for macroeconomic modelling supporting climate action is a key factor in ensuring ownership 

and the effective implementation of activities. The mandate should be established within the ministry that leads 

on the economic assessment of climate 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 participation. 

Many of the subsequent entry points depend on a countryĚs vision and commitment to enhancing its climate 

capacity. 

Source: GIZ (2021d) 

To achieve a clear political mandate, the implementing 

organisation and its partner organisations should set up 

a joint steering body at the outset to enable the various 

partners needed for macroeconomic modelling to 

interact efficiently. Within the steering body, it is 

recommended that experts work on a common strategy, 

which stipulates who the owner of the macroeconomic 

model is and which additional stakeholders are to use 

the model for policy-making. The strategy should 

further clarify the contributions of the different experts 

and institutions involved to the process.  

Steps to be considered for ensuring partner ownership: 

> Set up a joint steering body  

> Formulate a joint strategy for implementation  

> Develop a capacity development strategy 

> Discuss and establish ownership of the model in a 

MoU (MoU template) 

These steps are further discussed in the technical 

section (i.e. Section 2.2 on how to set up the model). 

Setting up a clear cooperation and ownership strategy 

ensures the independent refinement and use of the 

models after the project and smooth interoperability 

with existing structures. Accordingly, an agreement (e.g. 

MoU) should specify that all work on and use of the 

models will be carried out jointly with the partner and 

that all results of the collaboration will remain in the 

possession of the partner.  

 

Implementation requirements and estimated 

expert days 

Support from national experts is advised, and an 

estimated 10 to 20 days are required. Process guidance 

from international experts is also advisable in relation 

to the identification of relevant decision-makers and 

policy processes. 

 

1.2 Building a network with 
key national actors 

Ensuring that the results from macroeconomic 

modelling are included in climate action decision-

making processes requires efforts to be coordinated and 

aligned across different actors, sectors and governance 

levels. This is crucial for successful implementation 

because the process requires networks and exchanges 

among national experts and a willingness and ability to 

cooperate and make progress based on a common 

ground of understanding. This includes: 

> A common understanding of climate and socio-

economic data and results from the modelling 

> The ability to frame climate action within long-term 

political planning 

> Detailed knowledge of the entry points for using 

modelling results to inform policy processes related 

to long-term strategies, including NDCs and 

NAPs. 

 

https://gizonline.sharepoint.com/:w:/r/sites/ModellingTaskForceCREDDIAPOL-CEco.withguests/Freigegebene%20Dokumente/General/00_General/Handbook/MoU_MN_template.docx?d=wa38cc4edc12b4aa485055d2ddaa7fb93&csf=1&web=1&e=LhURZ9
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A comprehensive overview on the mainstreaming of 

modelling results into policy in Kazakhstan is 

available here. It explains how to create an enabling 

environment for climate adaptation by clearly defining 

the interfaces between different actors. Key action 

points are: 

> Raising awareness of current and future climate 

change impacts on strategic economic sectors  

> Overcoming existing silos between government 

ministries and actors in different sectors, including 

economic planning, budgeting and environmental 

policy-making  

> Utilising and establishing platforms for cross-

sectoral coordination on adaptation  

> Producing and sharing relevant climate data and 

information  

> Strengthening financing to plan, design and 

implement adaptation measures  

Implementation requirements and estimated 

expert days 

To effectively set up networks, it is important to have a 

solid overview of the stakeholders involved and 

understand the potential contributions of 

macroeconomic modelling in this context. A study by 

national experts (e.g. 20 to 30 expert days) on the 

existing network and policy entry points is advised. A 

method for understanding entry points was developed 

by the International Institute for Sustainable 

Development (IISD) under the CRED project and is 

available here.  

 

1.3 Conducting a baseline 
study on existing economic 
modelling approaches 

Before or at the start of the project, a baseline study is 

recommended to identify which economic models are 

already being used by potential partner organisations 

and to review their relevance for macroeconomic 

analysis of climate action.  

In addition, stakeholder dialogues should complement 

this process to determine the policy and/or research 

questions the model should address. 

The main components of the baseline study to establish 

existing modelling capacities include information 

gathered through quantitative and qualitative 

assessment methods, such as surveys and interviews 

among decision-makers, with the aim of providing a 

detailed overview of existing methods and instruments 

currently used for analysis and planning, the 

competencies for conducting analyses, data availability 

and requirements. It identifies gaps and needs in terms 

of support measures, thereby forming the basis for 

formulating an effective and targeted capacity 

development strategy. 

For the preparation of the model baseline study, the 

following tasks need to be performed (supported by 

national experts): 

¶ Identify key stakeholders and entry 

points/ national policy processes (climate 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.g. 

biophysical and macroeconomic models) used 

for macroeconomic forecasts and their 

upgrading potential 

o Modelling capacities, including the number 

of people working on economic modelling full-

time or part-time, etc. in the departments 

concerned 

o Inventory of available data for 

macroeconomic modelling, including both 

domestic and international data (climate, socio-

economic and biophysical) and data processing 

capacities 

o Entry points for modelling results to inform 

climate action in key sectors 

https://www.giz.de/en/downloads/giz2022-en-toward-climate-resilient-economic-development-in-Kazakhstan.pdf
https://www.giz.de/en/downloads/giz2021-en-climate-economic-modelling-practitioners-guide.pdf
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This assessment should also cover datasets 

concerning the impacts of climate change in the 

country including, for example: 

o Value addition by sector and region, existing 

climate impact projections, social accounting 

matrix, relevant data on social vulnerability and 

other forecasting data 

o Water resources and land use data 

o Economic value of specific land uses and 

impact channels for extreme weather events 

(EWEs), such as droughts and flooding 

o Past weather and climate (damage) data and 

projections 

o Domestic GHG inventory (emissions by 

sector) 

The assessment should also consider relevant 

institutions and their role and mandate in data 

collection, processing and provision, and available 

capacities, such as the ministries responsible for the 

economy, finance, planning, environment, climate, 

natural resources and agriculture, the Department of 

Meteorology and the Statistics Office: 

o Inventory of relevant institutions (ministry 

of economy and planning and national research 

institutes) and their existing capacities to apply 

and process integrated models and upgrading 

needs. The mandate and responsibilities of the 

institutions to conduct modelling activities 

according to relevant regulations and current 

cooperation mechanisms (interministerial 

working groups, etc.) should also be 

considered. 

o Overview of the communication of 

modelling results. This should detail how, 

when and by whom the results of national 

economic modelling activities could be 

communicated to decision-makers and other 

relevant stakeholders. 

 

 

All findings should be summarised in a baseline report 

and made available to the implementing organisation to 

inform the decision on the modelling approach to 

adopt and determine capacity development 

requirements. See also the next step. 

Implementation requirements and estimated 

expert days 

Conducting the baseline study is a crucial step in 

building a common understanding of a suitable model, 

policy entry points for adaptation action and the 

stakeholders involved. At least 30 to 40 national expert 

days should be allocated for this task. The involvement 

of international experts to inform the design of the 

baseline study and discuss results could require up to 

five days. 

Draft ToR for conducting a baseline assessment and 

examples of baseline studies from the CRED project 

are provided in the DMS folder for Chapter 1 (GIZ 

access only). 

 

1.4 Organising a workshop on 
model type and scope 

Based on the results of the baseline study, a preliminary 

ômodel focus workshopõ should be convened with 

partners to achieve a common understanding of what 

expectations there are regarding a macroeconomic 

model and what type of model is suitable for the 

country. The outcomes can be used as input for 

designing the subsequent steps and, in particular, for 

the final decision on model type (see Chapter 2). 

Implementation requirements and estimated 

expert days 

This step complements the activities undertaken to 

ensure ownership and the relevance of the 

macroeconomic modelling efforts. Support from 

national experts for technical preparation and 

networking might require around 10 to 20 days. If 

possible, it is advisable to incorporate some 

international expert input at this stage to support 

identification of the model type and scope. 

 

https://dms.giz.de/dms/llisapi.dll/app/nodes/342584666?order_by=name_desc
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1.5 Tendering out support for 
project implementation 

The implementation of a capacity development 

programme on macroeconomic modelling for climate 

resilience is not part of the standard portfolio of most 

international development cooperation organisations. 

It is therefore advised to start tendering out the 

international support required for the subsequent steps 

early on. Most of the subsequent steps set out in the 

handbook require the active involvement of 

international experts, who can be included in the 

project through an international tender. Examples of 

ToR developed for the CRED project in the past are 

provided here (GIZ access only). However, given the 

lessons learned from implementation by GIZ, a 

restructuring of the work packages is suggested, as 

explained in this handbook.  

The process shown in Figure 6 explains how 

consultants should collaborate to support political 

partners in developing effective, actionable and 

evidence-based climate adaption policies. This includes 

creating adaptation policy scenarios, which include both 

qualitative and quantitative components, including 

macroeconomic modelling results. Based on these 

scenarios, consultants formulate adaptation policy 

recommendations and project idea notes which outline 

specific financing options for their implementation. 

The process is cyclical and relies on close cooperation 

among political partners, policy-makers and technical 

experts, with each step building on the outcomes of the 

previous phase. 

 

 

 

Figure 6: Policy scenario process 

Source: Own illustration 

  

https://dms.giz.de/dms/llisapi.dll/app/nodes/342584051
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STEP-BY-STEP GUIDE  

STEP 1 ð Identification  

i. Identification of analysis needs: The process begins 

with the identification of needs in terms of evidence-

based analysis of ongoing national climate adaptation 

efforts and budget planning. Needs may be articulated 

by political or international partners or be identified 

through national strategies or priorities. Determining 

this demand forms the foundation for developing 

adaptation policy scenarios. 

ii.  Selection of sectoral adaptation measures: Once the 

area of support has been defined, the international 

policy advice consultant and local consultants 

collaborate to identify specific sectoral adaptation 

measures for analysis. These measures should be large-

scale projects with significant economy-wide impacts. 

They should aim to enhance cross-sectoral value 

creation, strengthen climate resilience and promote job-

rich economic growth. 

iii.  Development of a qualitative adaptation policy 

scenario: After identifying the sectoral adaptation 

measure(s), the international policy advice consultant 

prepares a qualitative adaptation policy scenario, which 

describes the selected measure(s) and specifies data 

requirements for quantifying impacts and CBA. The 

scenario is then presented to relevant stakeholders in a 

consultation session to receive feedback and refine the 

analysis. 

STEP 2 ð Quantification  

Quantification: The qualitative adaptation policy 

scenario is translated into measurable economic terms 

by the international modelling consultant in 

collaboration with local consultants. This step involves 

quantifying the impacts of the sectoral adaptation 

measure(s), often through sectoral CBAs. Additional 

data is collected to feed into the climateðeconomy 

model. For further information on how to translate 

adaptation policy scenarios into economic terms and 

prepare a sectoral CBA, see Section 3.2.1. 

 

STEP 3 ð Macroeconomic assessment 

Macroeconomic modelling: The international 

modelling consultant incorporates the collected data 

into the climateðeconomy model, which measures the 

broader economic effects and costðbenefit outcomes of 

the sectoral adaptation measure(s). The model evaluates 

the financial implications of proposed policies, 

considering both public investment and their potential 

to leverage private sector investment. The results from 

the model, combined with the sectoral CBA, are 

compiled into the quantitative adaptation policy scenario 

and/or adaptation policy recommendation. As with the 

qualitative scenario, the results are presented to 

stakeholders and political partners for discussion and 

validation. 

STEP 4 ð Recommendations 

i. Formulation of adaptation policy recommendations: 

The finalised adaptation policy scenario, which 

incorporates both the qualitative and quantitative 

components, including the macroeconomic modelling 

results, is used to formulate adaptation policy 

recommendations. These can be aligned with initial 

political processes, ensuring a continuous and 

integrated approach to policy development. The 

international policy advice consultant takes the lead in 

drafting the final recommendations. 

ii.  Project idea notes: For selected adaptation policy 

recommendations, the international financing 

consultant identifies and develops concrete financing 

options in the form of project idea notes. These notes 

provide comprehensive, actionable financing solutions, 

incorporating domestic, international and private 

funding sources. They are designed to align with 

domestic policies and frameworks and be 

implementation-ready. 

iii.  Implementation in climate adaptation policy-

making: The political partner can use the policy 

recommendations together with the project idea notes 

to drive effective, actionable and evidence-based policy-

making. This ensures that the adaptation strategies are 

not only scientifically robust but also financially and 

politically viable for implementation. 
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Implementation requirements and estimated 

expert days 

No external support necessary.  

Table 3 below summarises the key steps suggested for 

getting started in setting up the project. It requires some 

international expert days prior to the large-scale 

tendering out of international support (Task 5) for 

creating the model and translating results into 

adaptation action. The support in months 1 to 6 should 

be arranged under different terms, as it is more short-

term and exploratory in scope. 

The tables at the end of each chapter do not list staff 

requirements for the project management unit; they just 

specify the additional external support needed. As 

suggested above, there should be at least one full-time 

person in each country facilitating the activities. 

Additional support from headquarters is also needed to 

arrange contracting, deal with reporting and facilitate 

learning and exchange, particularly if more than one 

country is involved, as was the case in the CRED 

project. 

Table 3: Key steps for project set-up and getting started 

Workplan (month of project implementation) 1ė6 7ė9 10ė12 13ė15 16ė18 19ė21 22ė24 25ė30 

Task 1: Establish high-level political mandate NE:  
10ė20 
IE:     
0 

       

Task 2: Build network with key national 
partners 

NE:  
20ė30 
IE:    
0ė5 

       

Task 3: Conduct baseline study on existing 
models 

NE:  
30ė40 
IE:    
0ė5 

       

Task 4: Organise workshop on model type and 
scope 

NE : 
10ė20 
IE:    
0ė5 

       

Task 5: Tender out support  NE:    
0     
IE:     
0 

       

National expert (NE) days (total 70ė110) 70ė110        

International expert (IE) days (total 0ė15) 0ė15        

 

Note: The figures refer to the systematic application of the CRED approach in one country. The required time and expert days depend greatly 
on national circumstances. These are rough estimates only. For multiple countries, scale effects do apply (when implemented in x countries, 
requirements multiply by less than x). Additional project management costs and overheads are not included. 

  



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

 

33 | 100 

2 CREATING A MACROECONOMIC MODEL  

 

 

 

 

Once the ground has been prepared for climate action 

planning and the tender process for international 

support has been successfully completed, a country-

specific macroeconomic model can be developed. Key 

steps include the following:  

ü Set up a country-specific macroeconomic 

model 

ü Conduct capacity development for the 

application and use of the macroeconomic 

model  

ü Model climate hazard scenarios 

ü Incorporate GHG emissions and consumption 

behaviour 

Background on assessing 
climate risks  

For any economic assessment of climate risks, two 

strands of information are critical: (1) economic 

vulnerability and exposure (i.e. the population, 

workforce, economic sectors, assets and infrastructure 

affected) and (2) the climate hazards (increase in EWEs 

and slow onset events, such as sea-level increase) 

driving climate risks. Only the combination of these 

factors provides a systematic understanding of the risks 

posed by climate change. This is also the key approach 

followed by the IPCC for risk assessment. 
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Figure 7: Comprehensive climate risk framework 

Source: IPCC (2021)  

Understanding economic resilience requires a 

systematic assessment of what constitutes a climate 

hazard for a given national economy. A key added value 

of the CRED approach is that it provides an analytical 

framework for the systematic integration of both 

economic vulnerability and relevant climate hazards. 

Instead of assessing climate change as a general shift in 

climatic and ecological parameters, the approach is to 

focus on climatic changes that are economically 

relevant, that is, those posing the most significant risk 

from the perspective of the national economy. 

Therefore, it complements the ecological perspective, 

which focuses on the interactions of natural systems to 

provide a comprehensive climate change assessment. 

The hazard analysis from an economic perspective 

builds on studies of climate and ecological change and 

provides an analysis with a focus on economic 

implications by translating the climate-induced changes 

into potential effects on the economic system and social 

welfare.  

A systematic understanding of climate risks is needed 

because estimated adaptation costs are rapidly 

increasing. Table 4 shows current estimates on 

adaptation costs for developing countries. It compares 

figures from the AGR 2024 and the IPCC Working 

Group II ð Impacts, Adaptation and Vulnerability 

(IPCC AR6). The table underlines the high degree of 

uncertainty about the annual costs that could occur and 

the corresponding need to have country-specific 

assessments. 

 

 

 

 

Table 4: Estimated annual cost of adaptation for developing countries 

 

Source: UNEP (2022), UNEP (2023) and UNEP (2024)  
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Setting up a country-specific 
macroeconomic model  

This section provides background on macroeconomic 

models and related capacity development, including 

guidelines on how best to conduct training and 

coaching on model building (i.e. the process of 

adjusting and developing the model) and model use (i.e. 

the process of applying the model). It  provides 

practitioners with the key information to consider when 

setting up a country-specific macroeconomic model 

and enables them to initiate the data collection 

processes that form the basis for robust, country-

specific climate risk assessment. The process of 

integrating climate risks into the macroeconomic 

models is described in Section 4.3. This section 

describes the process of setting up a model.  

 

2.1 Identifying a suitable 
macroeconomic model for 
the partner country 

A first task in setting up a suitable macroeconomic 

model is to establish a common understanding of the 

type and scope of the model. Following the model 

focus workshop mentioned in Section 1.4, a final 

decision should be made jointly with the stakeholders 

involved. The following provides background 

information on macroeconomic models. The climate-

sensitive modelling approach developed by GIZ is 

model-agnostic, meaning it is compatible with any 

macroeconomic model. This flexibility allows it to 

adapt well to country-specific contexts. 

Macroeconomic models are well-established 

instruments used by ministries responsible for 

economic planning and have great potential to inform 

actionable, evidence-based policy-making aimed at 

enhancing economic resilience. Macroeconomic 

models replicate the structure of a national economy in 

simplified terms, demonstrating the dynamics and 

relationships between and within sectors. This enables 

them to deliver (simplified) analyses on the 

development of key economic indicators, such as 

employment, GDP, prices, consumption and 

productivity.  

Policy-makers need reliable economic models to 

anticipate climate impacts and climate measures. 

Deciding on effective direct economic policies and 

fiscal policy instruments to enhance climate resilience 

and reduce emissions then becomes a lot easier. 

Informed decision-making can increase climate action 

capacities and decrease the vulnerabilities of the 

countryõs economy and population. 

A recent comprehensive desk review for the European 

Commission developed an adaptation modelling 

typology, which includes climate system modelling, 

hazard, exposure and vulnerability modelling and 

sectoral and economic models for impact and 

adaptation assessment (see figure 8). Results from 

sector models and analyses are used as inputs into the 

macroeconomic models addressed in this report. The 

model and its results will be complemented by other 

techniques and information available in the partner 

countries. A more in-depth technical discussion can be 

found in the CRED Global Report (GIZ 2023b). 

The macroeconomic models developed under the 

CRED programme were constructed in such a way as 

to incorporate country-specific inputs (e.g. hazard 

assessments and sectoral analyses) to provide coherent 

evaluation for policy-making. The CRED approach is 

depicted in Figure 9 below. 
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Figure 8: Adaptation modelling typology 

Source: Own illustration based on European Commission (2021) 

 

 

Figure 9: Key steps of the CRED approach 

Source: Own illustration 

  

GIZ has supported the development of two different 

kinds of macroeconomic models: 

ü Macroeconometric (dynamic) inputðoutput models 

(called e3 models) 

ü DGE/CGE models 

Inputðoutput models analyse the interdependencies 

between the different sectors of an economy. They use 

inputðoutput tables to track how outputs from one 



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

 

37 | 100 

industry serve as inputs for another, showing the flow 

of goods and services. Developed by Wassily Leontief, 

these models assume constant production coefficients, 

making them useful for analysing economic impacts 

and sectoral dependencies and evaluating policies. 

However, they do not account for price changes, 

technological progress or long-term adjustments. 

DGE/CGE models describe market equilibriums that 

are combined with the neoclassical economic 

assumptions of optimising agents under scarcity of 

supply (i.e. labour and land). Representative households 

and companies optimise their benefit or profit. 

Behavioural parameters are calibrated with literature 

values for a base year in such a way that key variables 

are well represented in that year. The models assume 

immediate substitution and price adjustment, and they 

do not consider historical time. 

The set-up and calibration of the model depends on 

which type is chosen, based on existing modelling 

capacities and available data. A comparison of the two 

approaches can be found in the CRED Global Report 

(GIZ 2023b). The table below provides a summary of 

key points. 

Table 5: Key characteristics of models 

 

Source: Own compilation based on Koks et al. (2016) and European Commission (2021) 

Macroeconometric e3 models 

In Algeria, Jordan, Georgia, Kazakhstan, Mongolia and 

Uganda, the GIZ projects supported 

macroeconometric e3 models built in Microsoft Excel. 

The CRED project also developed a prototype model 

that can be presented at teaser training events to 

provide potentially interested countries with an 

introduction to what such models are (see here for 

details of the e3 prototype model developed in 

cooperation with partners from Mongolia). The 

prototype is built on economic data that is 

internationally available for many national economies 

and can provide a first impression of the potential of 

the model to assess climate risks.  

In the case of Georgia, the e3.ge macroeconomic model 

has been developed in cooperation with the countryõs 

Ministry of Economy and Sustainable Development, 

supported by the Institute of Economic Structures 

Research (GWS). It  contains three interlinked model 

parts: (1) the economic module, (2) the energy module 

and (3) the emissions module. The abbreviation ôgeõ 

denotes the country (Georgia). The economic part of 

the e3.ge model is a macroeconometric (dynamic) 

inputðoutput model. This model structure allows 

climate change effects on key macroeconomic 

indicators, such as GDP and employment, to be 

determined and the effects on emissions to be analysed.  

Furthermore, the model is capable of quantifying the 

economy-wide effects of different adaptation measures, 

with a view to developing adaptation strategies that 

ensure the sustainable development of the economy. 

The structure of the e3 models developed for 

Kazakhstan and Mongolia is similar. 

https://www.giz.de/en/downloads/giz2023-en-handbook-e3-prototype-model.pdf


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

 

38 | 100 

 

Figure 10: The e3.ge modelling approach 

Source: Own figure based on GWS (2022) 

DGE and CGE models 

In Viet Nam, Jordan and Nigeria, DGE and CGE 

models have been developed and used. In the case of 

Viet Nam, GIZ, in cooperation with the Halle Institute 

for Economic Research (IWH), supported the Central 

Institute for Economic Management (CIEM) in 

developing the DGEðCRED model to predict the 

sectoral and regional economic effects of climate 

change on the Vietnamese economy. For further details 

on the technical structure of the model, see the 

Technical Report. The model differentiates between the 

countryõs regions and sectors to replicate the varying 

climatic conditions in different parts of Viet Nam.  

 

Additionally, different productivity rates are considered 

across sectors, making it possible to understand how 

each of them evolves in the presence of varying climate 

circumstances.  

To consider the impact of climate change, the model 

uses sector-specific and region-specific damage 

functions that quantify effects on labour and capital 

productivity. Climate variables and weather extremes 

impact production at the regional and sectoral levels. 

For instance, cyclones can destroy the capital stock used 

in the construction sector, leading to two possible 

outcomes: companies may substitute capital with 

increased labour or they may lay off workers who 

become unproductive in the absence of machinery. 

https://www.giz.de/de/downloads/giz2023-en-technical-report-dge-cred-model-vietnam.pdf
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Figure 11: DGEðCRED modelling approach in Viet Nam 

Source: Own illustration 

In Jordan, the CGE model (JorGE) was used to 

simulate policy measures in the transport sector and the 

resulting effects on emissions and the economy. In 

Nigeria, the CGE model was used to assess two cross-

cutting scenarios, looking both at mitigation and 

adaptation in diversifying the economy and increasing 

the resilience of the agricultural sector. Both models 

were developed by the Centre of Policy Studies and are 

similar to the MONASH6 model developed and used 

for the Australian economy.  

The models provide a country-specific modelling 

platform to bring together all relevant national data 

concerning climate risks. Once the models are 

calibrated, they can be used to conduct scenario analysis 

on climate risks and climate measures (see Chapter 4 for 

details). In summary, there are two key steps for climate 

adaptation: (1) model how different climate hazards 

impact the economy in the long term by using past data, 

which is extrapolated, for example, up to the year 2050 

and (2) evaluate the economy-wide effects of 

investment in different adaptation measures. This 

makes it possible to compare a set of adaptation 

measures and identify which ones (or which 

combination) are especially beneficial for economic 

development.  

 

6 The MONASH model 

Potential trade-offs also become evident through 

macroeconomic models, thus giving policy-makers the 

opportunity to make informed policy decisions. What is 

more, climate-sensitive macroeconomic models 

become increasingly important in evaluating climate 

change policies. They provide a single framework for 

integrating climate change-related issues in order to 

analyse not only the direct impacts but also the indirect, 

induced and total socio-economic impacts of both 

climate hazards and adaptation.  

When deciding which type of model to develop, 

stakeholders should consider the type of policy 

questions the models need to answer. In the context of 

the GIZ projects and adaptation considerations, the 

macroeconomic models are designed to answer two 

types of questions, in particular: 

ü Questions on economic vulnerability to climate 

change (Q1): 

o Looking at the next 30 years, how does a 

specific climate hazard (e.g. increasingly 

severe droughts) impact the national 

economy (including jobs and GDP) and 

https://www.copsmodels.com/monmod.htm
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economic sectors and what intersectoral 

dynamics7 are triggered?  

o Which climate hazards will likely harm the 

national economy the most in the long term? 

ü Questions on the benefits/profitability of 

investment in adaptation measures (Q2):  

o Looking at the next 30 years, how does 

investment in a specific adaptation measure 

(e.g. irrigation systems) reduce the economic 

risks of that climate hazard and potentially 

unlock economic opportunities? 

o What are the macroeconomic implications of 

this adaptation measure compared to a 

scenario without investment in adaptation and 

what is the effect on CO2 emissions? 

o Which investments lead to the highest 

economy-wide benefits? 

This enables partner countries to integrate climate 

risks into macroeconomic models and thereby 

improve adaptation planning. The assessment of 

mitigation measures is more about Q2, about the 

economy-wide benefits of investments and the 

potential to reduce GHG emissions.  

However, it should be kept in mind that 

macroeconomic models, just like any other model, 

represent a simplification of reality and that they are 

based on a set of assumptions about future 

developments. Therefore, the quality of the modelling 

results depends on the quality of the data used and the 

robustness of the assumptions. 

It should also be noted that macroeconomic models 

other than those applied in the CRED project could be 

used. This is an emerging field, and it will be important 

to systematically scan for current best solutions applied 

in the field. One interesting example is the GEMMES 

model. 

For the design of the stakeholder engagement and 

ownership structure, existing international guidelines 

and criteria should be considered. For example, the Key 

principles for improving the support to strategic energy 

planning in developing and emerging economies 

provide a useful framework. Another platform that 

discusses criteria for modelling in the context of public 

policy support is the U4RIA forum. The focus of the 

U4RIA principles is on mitigation, but they also apply 

to modelling adaptation. For macroeconomic models 

relating to adaptation, the criteria set out below can be 

considered.

  

Box  3. Modelling principles 

> The model should be open source and country-specific, and the development of the enhanced model should 
be based on existing models already being used by the partner institution. 

> The model enables the estimation of sectoral climate change impacts (including value addition) and the effects 
of plausible adaptation measures in terms of reducing climate change-related impacts. 

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

> The model enables the development of sector-specific policy implications for policy-makers (including but not 
limited to NDC implementation and the NAP process). 

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

 

7 Example of an intersectoral effect caused by a climate hazard: increasing droughts result in lower agricultural production (direct effect), which then leads to 
production losses in sectors such as food production or the chemical industry, as they rely on the agricultural sector. 

https://www.afd.fr/en/gemmes-understand-effects-climate-change-economy
https://www.afd.fr/en/gemmes-understand-effects-climate-change-economy
https://climatecompatiblegrowth.com/wp-content/uploads/Energy-Planning-Key-Principles_Nov-2021.pdf
https://climatecompatiblegrowth.com/wp-content/uploads/Energy-Planning-Key-Principles_Nov-2021.pdf
https://climatecompatiblegrowth.com/wp-content/uploads/Energy-Planning-Key-Principles_Nov-2021.pdf
https://climatecompatiblegrowth.com/wp-content/uploads/Energy-Planning-Key-Principles_Nov-2021.pdf
https://forum.u4ria.org/
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Implementation requirements and estimated 

expert days 

The decision on which model to develop is based on 

previous studies on existing models and policy entry 

points. The model developers from the institution 

acting as the model owner should take the final 

decision. National experts can provide support by 

discussing findings from the baseline study (around 5 to 

10 days). International experts can support the 

discussion by contributing lessons learned 

internationally and presenting the key aspects to be 

considered (around 5 to 10 days). 

 

2.2 Collecting data for a 
robust macroeconomic 
model 

Data collection can start in parallel during the model 

set-up phase. Climate-sensitive macroeconomic models 

are based on the following data: 

- Historical macroeconomic data: GDP, 

imports/exports, prices of goods and services, 

consumption, employment, gross fixed capital 

formation and labour market annual national 

inputðoutput tables providing sectoral data 

- Economic growth forecasts (growth rates and 

population forecasts) 

- Energy and GHG emission data (energy balances, 

energy-related CO2 emissions and energy prices) 

- Consumption behaviour (price elasticity of 

different goods) 

- Historical climate change effects (data on 

occurrence and damage, including economic harm) 

- Projected climate hazard occurrence and intensity 

based on SSP scenarios  

- CBAs of sectoral adaptation measures  

For the data collection process, cooperation with 

national partner institutions is essential. They provide 

the necessary economic data to the extent possible.  

If national data is not available, international data is an 

alternative.  

As already noted, the quality of modelling results 

depends on the quality of input data. In the case of 

missing data, assumptions on economic damage and on 

the costs and benefits of adaptation measures need to 

be discussed and agreed upon with national experts.  

The independent refinement of the models by partners 

is a key outcome of the capacity development activities. 

The stakeholders involved should actively support the 

process of data collection in two key steps: (1) data 

collection to set up the model and (2) continuous 

updating of the model data after project completion. 

Furthermore, discussions about assumptions on climate 

risks are needed to ensure the effective integration of 

climate scenarios into the models. Ownership of the 

model data can be supported by means of data sharing 

agreements. An example of an agreement is available 

here (GIZ access only), and further details on the data 

required for different model types can be found in the 

CRED Global Report (GIZ 2023b). 

Implementation requirements and estimated 

expert days 

The collection of robust and validated data is a crucial 

and challenging step. The partner institutions take the 

lead, with the help of their networks (national statistics 

offices, etc.). However, support is also needed from 

national experts (about 40 to 60 days), and international 

experts should be involved to ensure the compatibility 

of data with the macroeconomic model (about 20 to 30 

days). 

 

2.3 Setting up and calibrating 
the macroeconomic model 

The set-up and calibration of the model should be 

carried out in cooperation with international experts 

and selected model developers from the partner 

institutions. Calibration is based on national data, so 

this might be an iterative process where data gaps are 

identified during model set-up, resulting in new data 

collection, data verification, etc. 

 

https://dms.giz.de/dms/llisapi.dll/app/nodes/346757309
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Implementation requirements and estimated 

expert days 

Flexible cooperation is needed between national 

experts supplying data and the international experts 

setting up the macroeconomic model. The estimated 

number of international expert days required is about 

40 to 60. National experts should also provide support 

with data verification (about 10 to 20 days). Additional 

efforts to integrate climate risks and adaptation 

measures are not included in this step. The calibration 

of the macroeconomic model to the national economic 

structure and dynamics is in itself a challenge, in 

particular, if regional disaggregation is also 

implemented (as with the DGEðCRED model in Viet 

Nam).  

 

2.4 Capacity development on 
the macroeconomic model  

The GIZ approach requires a country-specific capacity 

development concept. Given that familiarity with 

economic modelling and data availability are usually still 

at an emergent stage in partner countries, the support 

provided needs to be tailored to the specific national 

context. Getting capacity development right is essential, 

as it lays the foundation for ownership of the model in 

partner institutions. There can only be a lasting impact 

on national policy-making to promote climate resilient 

economic development if the capacity development 

concept enables independent use of the model. 

Capacity development is aimed at the technical experts 

involved as model developers but should also include 

the authorities responsible, with the introduction of a 

long-term planning perspective.  

For effective capacity development, involving experts 

from different institutions is advisable. This ensures 

that the modelõs ability to inform long-term planning is 

known beyond the model-owning institution and 

increases the chances of wider model application. 

Moreover, offering capacity development across 

different institutions contributes to both mainstreaming 

adaptation action and strengthening interinstitutional 

ties.  

The team of experts usually comprises people from the 

national ministries responsible for the economy and 

planning and their subordinate institutions as well as 

from ministries of environment, who are typically in 

charge of adaptation planning. Additionally, there 

should be close cooperation with local data providers, 

such as statistics offices, climate information providers 

(e.g. meteorological institutes) and possibly academic 

institutions. The private sector (e.g. industry 

associations) may also be included in preparing 

actionable recommendations via participation 

mechanisms (e.g. online discussions, information 

material on climate risks in different sectors, meetings 

with actors from the organised business community). 

Capacity development target groups 

While this approach supports the development of both 

technical and human capacities, the focus lies on the 

latter. A crucial part of the capacity development efforts 

is to enable experts from economy, planning and line 

ministries and from subordinate authorities to assess 

the macroeconomic impacts of climate change and 

related investment in climate measures. The main 

objective is to train experts and form a team of 

professionals with in-depth knowledge as 

macroeconomic model builders and/or users of the 

climate-sensitive macroeconomic models jointly 

developed under this approach. It  involves multiple 

training sessions and coaching, accompanied by 

workshops and policy dialogues on model refinement. 

The activities should be conducted by an economics 

consultancy, which also provides extensive support for 

model development. This will ensure that model 

development and model training are consistent. 
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Box  4. Key components of the capacity development required 

ü Technical capacities: Development of a climate-sensitive macroeconomic model 

ü Human capacities of 

o model builders (i.e. experts who are capable of further developing the model) 

o model users (i.e. experts who understand how the model works and, importantly, know how to make use 

of the modelling results to inform policy-making) 

o decision-makers (i.e. politicians, higher level ministry staff) 

 

The capacity development approach needs to be 

tailored to the capabilities of the participants and 

respond to their needs. To this end, the CRED 

approach suggests distinguishing between two broad 

groups of participants ð ômodel buildersõ and ômodel 

usersõ, when designing capacity development activities. 

Additionally, decision-makers should be considered. 

Even if they are not yet engaging in modelling activities, 

they should be aware of and understand the key 

messages relating to modelling results in order to play 

an enabling role in the actual implementation of climate 

action. 

Model builders are the experts that will later be able to 

independently adjust the model contents and further 

refine the model with up-to-date data. They should 

already have advanced economic modelling skills, with 

the training building on their existing knowledge so that 

they are able to independently use and adapt climate-

sensitive macroeconomic models. A careful selection 

process should ensure that participants represent 

relevant partner organisations, including key sectoral 

experts (e.g. agriculture). It is also recommended to 

include experts from academia who can act as 

knowledge carriers supporting the sustainability of 

capacity development. All participants should have a 

mandate from their respective institutions to deeply 

engage with the modelling training and support the 

model building process. In this regard, it is 

recommended to specifically target the modelling 

departments of partner institutions and ministries, as a 

basic understanding of economic modelling is required. 

More importantly, an interest in expanding capacities is 

crucial. 

Model users are a broad group of economic and other 

sectoral experts interested in the economic modelling 

of climate change impacts. They will be further 

supported in understanding and using the climate-

sensitive macroeconomic model to apply results 

according to their specific sectoral requirements. To 

achieve this, they are not required to master the 

programming of the model but need to understand its 

main features, the modelling approach and the interface 

with their specific sector (e.g. the logic behind damage 

functions and climate measures). Model users will only 

participate in general training, supported by selected 

simplified training material. This training is 

complemented by online and in-person workshops and 

specific sessions on the application of the model to 

sectors of interest.  

The training activities targeted both model builders and 

model users. The former were involved in developing 

the national models, given their (macroeconomic) 

modelling experience and their role in the respective 

partner institutions. Model users received training on 

the interpretation of results and scenario analysis. They 

do not need detailed macroeconomic modelling 

knowledge but can contribute specific knowledge about 

sectors, actors and policy processes. In general, training 

in all countries included theoretical background and 

practical sessions on model application. Figure 12 

below gives an overview of the training and coaching 

process. First, the basics of macroeconomic models 

were explained, followed by the presentation of the 

procedure for incorporating the impacts of climate 

change using scenario analysis. Subsequently, the 

analysis of adaptation measures was conducted in the 

form of virtual coaching sessions. At the end of the 

training, there was a need for additional capacity 

development for the interpretation of results and the 

wider use of the models. All these steps have been 

adapted in each country according to demand and 

circumstances. 
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Decision-makers, who are senior ministry staff, play a 

crucial role as key communication points and enablers. 

They are responsible for defining the technical focus of 

economic analysis, which informs political decision-

making. Given their influence, they should be included 

in capacity development activities, at least to some 

extent, to enhance awareness and engagement. Their 

involvement may begin with the kick-off workshop, 

where they can deliver opening remarks to ôset the 

sceneõ, with GIZ introducing the approach and 

facilitating initial decisions on the macroeconomic 

modelõs composition.  

Decision-makers should also participate in drafting the 

MoU and remain informed about major developments 

throughout the process and about the final results, 

which should be presented in the form of policy briefs, 

infographics, etc. Finally, they should be invited to the 

concluding workshop for the official handover of the 

completed model. 

 

Figure 12: Training programme for capacity development 

Source: Own illustration 

Draft ToR for building a macroeconomic model and 

examples of training materials, including the model 

handbooks developed for both types of CRED-

supported models (e3 and DGEðCRED), can be found 

at this link: 

Chapter 2 ð Building an economic model ð OpenText 

Content Server (giz.de) 

Implementation requirements and estimated 

expert days 

Capacity development is key to preparing for 

independent use of the models after the project ends. 

Different formats have been used under the CRED 

project. At the beginning, a one-week block training 

course is conducted on the functioning of the 

macroeconomic model, including the incorporation of 

climate impacts (damage functions) and adaptation 

scenarios. In-person training has proved to be more 

effective than virtual formats, which was a big challenge 

for CRED project implementation when COVID-19 

travel restrictions were in place. A follow-up format in 

the context of the CRED project is coaching sessions, 

where experts in the partner countries can discuss 

specific questions or modelling problems with 

international experts. It is calculated that a total of 80 to 

120 international expert days are needed for capacity 

development. Some additional support from national 

experts may also be needed (0 to 20 days). For example, 

in Viet Nam, some additional training was organised 

with national experts on MATLAB (an economic 

analysis software), as this was required for the model 

developers to run the full version of the DGEðCRED 

model. 

Some examples of the capacity development material 

can be accessed here (GIZ access only). 

https://dms.giz.de/dms/llisapi.dll/app/nodes/342579917
https://dms.giz.de/dms/llisapi.dll/app/nodes/342579917
https://dms.giz.de/dms/llisapi.dll/app/nodes/346759140
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Table 6: Timeline for developing a country-specific macroeconomic model 

Workplan                         
(month of project implementation) 

1ė6 7ė9 10ė12 13ė15 16ė18 19ė21 22ė24 25ė30 

Task 1: Identify macroeconomic 
model 

 NE:     
5ė10   
IE:      
5ė10 

      

Task 2: Collect economic data  NE:  
20ė30 
IE:  
10ė15 

NE: 
20ė30 
IE:  
10ė15 

     

Task 3: Set up and calibrate 
macroeconomic model 

  NE:   
5ė10 
IE:  
20ė30 

NE:   
5ė10  
IE:   
20ė30 

    

Task 4: Carry out capacity 
development  

   NE:       
0ė5  
IE:  
20ė30 

NE:   
0ė5    
IE:  
20ė30 

NE:   
0ė5     
IE:  
20ė30 

NE:   
0ė5   
IE:   
20ė30 

 

National expert (NE) days (total 
55ė110) 

 25ė40 25ė40 5ė15 0ė5 0ė5 0ė5  

International expert (IE) days 
(total 145ė220) 

 15ė25 30ė45 40ė60 20ė30 20ė30 20ė30  

Note: The figures refer to the systematic application of the CRED approach in one country. The required time and expert days depend greatly 
on national circumstances. These are rough estimates only. For multiple countries, scale effects do apply (when implemented in x countries, 

requirements multiply by less than x). Additional project management costs and overheads are not included. 

Table 6 presents an overview of the time and estimated 

expert day requirements for the specific tasks involved 

in developing a country-specific model and preparing 

partners to use it independently in the future. It should 

be noted that the assessment of climate risks and 

adaptation measures should start in parallel so that they 

can both be integrated into the macroeconomic model. 

 

Creating climate damage functions 

Climate damage functions refer to the translation and 

necessary simplification/aggregation of climate change 

impacts into economic effects and representations in an 

economic model. Economic effects are referred to as 

ôdamageõ, assuming that those considered are mainly 

negative for economic indicators. The economic 

quantification of broad climate impacts (e.g. EWEs) 

into specific impact chains are represented in the model 

using functions.  

It is important to understand that macroeconomic 

models add an extra level of analysis beyond simple 

damage functions. When sectoral economic effects (or 

damages) are integrated into the macro-framework, the 

models also identify the effects of intersectoral 

dynamics that are not provided by a sectoral economic 

climate risk analysis alone. The starting point is the 

systematic mapping of climate risks. This should not be 

a purely top-down process; it should also incorporate a 

bottom-up, country-specific methodology to develop 

and validate tailored damage functions. This grounding 

of the macroeconomic models and risk assessments in 

actual climate hazards was an important innovation 

implemented by the CRED project in the partner 

countries.  
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As shown in Figure 13, the creation of damage 

functions can be structured into five distinct steps or 

tasks. Step 1 is to produce an overview of key climate 

risks for the national economy. In a second step, key 

hazards or climatic drivers expected to intensify these 

risks are analysed and prioritised. Step 3 involves 

developing climate hazard scenarios which provide 

information about the future occurrence of the key 

hazards under different climate change scenarios in the 

partner country.  

At the same time, in a fourth step, data needs to be 

collected on past economic damages resulting from the 

prioritised hazards to understand the economic 

implications of the hazard intensifying in the future. In 

the last step, the information on climate hazard 

projections and hazard-related economic effects is 

integrated into the macroeconomic model, making it 

possible to assess the macroeconomic impacts of 

individual or combined climate hazards. These steps are 

described in more detail in the following sub-sections. 

 

 

Figure 13: Integration of climate hazards into modelling frameworks 

Source: Own illustration 

2.5 Review of economic risks 
from climate change 

The starting point is an overview of existing and 

emerging risks caused by climate change to the national 

economy. According to the IPCC, the concept of risk 

includes both the vulnerability and exposure of the 

economy and the hazards/climatic drivers of those risks 

(concept of risk in the IPCC AR6; see also Figure 7). A 

systemic guide on assessing vulnerability is provided in 

The Vulnerability Sourcebook (2014) published by GIZ 

and the 2017 Risk Supplement.  

Conceptually, it is important to distinguish between 

material climate hazards and the socio-economic 

process that makes regions or economic sectors 

vulnerable. Economic vulnerability to climate change 

refers to the sensitivity of an economy to be negatively 

impacted by EWEs and slow onset events resulting 

from increasing climate change.  

 

 

https://www.adaptationcommunity.net/ndc_adaption_toolbox/the-vulnerability-sourcebook/
https://www.adaptationcommunity.net/ndc_adaption_toolbox/the-vulnerability-sourcebook/
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Table 7: Climate-related physical risk categories 

 

Source: Reproduced from Recommendations of the Task Force on Climate-related Financial Disclosures8 

Acute physical risks refer to those hazards that manifest 

suddenly or with little warning, often driven by specific 

events, which can lead to immediate and severe impacts 

on human societies, ecosystems and economies. Acute 

risks are typically characterised by their rapid onset, 

short duration and high intensity. Yet, there is no 

universal approach for classifying EWEs, which may be 

due to varying climate and weather characteristics in 

different countries. Therefore, the relevant domestic 

approach should be applied for economic damage data 

collection to ensure that they accurately reflect national 

climate conditions. Key examples of acute risks include: 

- EWEs ð events including cyclones, hurricanes, 

tornadoes, severe thunderstorms and hailstorms. 

They can result in significant damage to 

infrastructure, loss of life and disruption to 

economic activities.  

- Heatwaves ð episodes of unusually high 

temperatures over a relatively short period, often 

accompanied by high humidity. Heatwaves can 

impact health, agriculture, energy demand and 

urban infrastructure. 

- Floods ð rapid or prolonged inundation of land 

that is usually dry, caused by heavy rainfall, storm 

surges or the overflow of rivers or other bodies of 

water. Floods can lead to loss of life, displacement 

of people, destruction of property and disruption 

of transportation and commerce. 

 

 

8 TCFD, Recommendations of the Task Force on Climate-related Financial Disclosures. Last accessed on 19 April 2024. 

Chronic physical risks refer to variations in climate 

patterns due to climate change that occur gradually over 

time, typically spanning years to decades. Chronic 

hazards result from shifts in long-term climate 

variables, such as temperature, precipitation and sea 

level rise. They often have cumulative and systemic 

effects on ecosystems, societies and economies. Key 

examples of chronic hazards include: 

- Sea level rise ð a gradual increase in the average 

global sea level due to the thermal expansion of 

seawater and the melting of polar ice caps and 

glaciers. Sea level rise can lead to coastal erosion, 

saltwater intrusion into freshwater sources, loss of 

coastal habitats and increased vulnerability to storm 

surges and flooding. 

- Sustained higher mean temperatures ð long-

term elevation of average temperatures, leading to 

changes in climate regimes and weather patterns. 

Sustained higher temperatures can exacerbate 

heatwaves, alter precipitation patterns, disrupt 

ecosystems and impact agriculture, water resources 

and human health. 

- Changing precipitation patterns ð shifts in the 

frequency, intensity and distribution of rainfall and 

snowfall over time. Changes in precipitation 

patterns can lead to droughts, water scarcity, 

floods, soil erosion and disruptions to agricultural 

production and other water-dependent industries. 

 

https://www.fsb-tcfd.org/recommendations/
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The figure below depicts examples of climate risks in 

the South Caucasus. The depletion of water resources 

is a risk to the economy only to the extent that 

agriculture or industry is exposed, reliant on water and 

affected by a decrease in availability.  

Adaptation is the process aimed at reducing 

vulnerability and reducing the risks. The efficient 

allocation of adaptation financing is based on an 

understanding of the most severe risks and of possible 

changes in climate hazards that could potentially 

intensify those risks. 

 

 

Figure 14: Examples of climate risks in the South Caucasus region 

Source: Zoï Environment Network (2011) 

The overview of national climate risks is based on 

existing reports (such as those mentioned above) but 

also provides an economic perspective on climate risks, 

asking what the key economic sectors and impact 

channels are and what the climatic drivers/hazards are 

at the beginning of the impact channels? It might also 

be interesting to present the Climate Impact and Risk 

Assessment for Germany updated in 2021 to 

stakeholders. A comprehensive risk assessment is the 

starting point for the next step, aimed at identifying and 

prioritising the key hazards that drive the main national 

economic risks from climate change. 

 

Implementation requirements and estimated 

expert days 

The risk overview/review should be created jointly with 

key stakeholders and based on existing national reports 

and analysis. It should be started in the first six months 

and requires about 10 to 20 national expert days. 

International experts can also provide input on 

international experiences and frameworks, for example 

(0 to 5 days). 

 

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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2.6 Identification of key 
climate hazards 

Based on the overview of the country-specific climate 

risks, an understanding should emerge on what the 

critical climate hazards driving those risks are. These 

could be the increasing occurence and intensity of 

EWEs, such as longer-lasting heatwaves or more severe 

storms and floods, or the advance of slow onset events, 

such as sea level rise and desertification. For a better 

understanding of what could happen in the future, it is 

advised to consider past damages from key climate 

hazards. In the context of the CRED project, the most 

relevant climate hazards in terms of economic impact 

were identified using historical time series data from 

hazard reports. The following guiding questions 

provide focus and direction in compiling a 

comprehensive climate risk overview:  

¶ Which climate hazards are most common in the 

country? 

¶ What kind of impact categories and damage 

categories are there? 

¶ Which key economic sectors are most vulnerable 

and exposed? 

¶ What past damages and losses are there from 

climate change-related events? 

¶ What is the monetary value of damages and losses 

by economic sector? 

Appropriate answers to these questions can only be 

obtained in close collaboration with local experts and 

the competent authorities (i.e. a national disaster 

management authority). The output of this step is a list 

of climate hazards to be considered in Step 3 and 

projections on how these hazards will develop in the 

future under different climate change scenarios. 

Implementation requirements and estimated 

expert days 

The collection of data concerning key climate hazards 

can start directly. The data required are figures on past 

damages available from international and national 

sources. While the main output of this step is the 

identification of a short-list of climate hazards to be 

further considered, ideally, it should be based on 

existing damage data. Therefore, it might require 20 to 

40 national expert days to deepen the analysis for the 

review. The international experts supporting model 

development should also be involved in the final 

decision on the most relevant hazards. About 5 to 15 

international expert days are calculated for this. 

 

2.7 Creation of hazard 
scenarios 

Once the most relevant hazards are identified, a set of 

indicators is defined to characterise them. It is 

recommended to keep the definition of indicators 

simple while accurately representing the evolution of 

the hazards. The objective of Step 3 is to estimate the 

expected increase/future occurrence of relevant climate 

and meteorological hazards in the partner country. The 

hazard scenarios are country-specific descriptions of 

the relevant hazards that can be expected under 

different climate scenarios, RCPs or SSPs.  

Such country-specific hazard scenarios need to be 

developed by downscaling global or regional climate 

models. This expertise is likely not available from the 

economics consultancies supporting the economic 

modelling but could be acquired through cooperation 

within a consortium. In the case of the CRED project, 

the creation of hazard scenarios was carried out by a 

climate data consultancy. The CRED project 

cooperated with a team from the University of the 

Balearic Islands (UIB), working in partnership with the 

Coordinated Regional Climate Downscaling 

Experiment ð CORDEX, to create the datasets. 

Additionally, the CRED project also worked with Earth 

Yield Advisories to develop water-related hazard data 

and the modelling of future water hazard. The 

requirements were as follows: 

- The contractor develops and adapts medium- and 

long-term (5 to 30 years) climate hazard scenarios 

(selected SSP or RCP scenarios) for the partner 

countries  

- The contractor provides datasets on the future 

occurrence (change in intensity and/or probability) 

of the relevant weather/climate events (identified 

in Step 2) 

https://cordex.org/
https://www.earthyield-advisories.de/
https://www.earthyield-advisories.de/
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- The contractor models change in the distribution 

of standard climate parameters (temperature, 

precipitation, etc.) for the scenarios 

- The contractor indicates the range of the modelõs 

internal uncertainty 

The outputs of this step are suitable datasets (i.e. Excel 

tables) that are handed over to the project/modelling 

team for further use. This includes analysis of hazard 

characteristics in the present climate and projections for 

different time horizons in the 21st century. The results 

can also be summarised on maps, showing the spatial 

variability of the evolution of hazards for different time 

horizons and time series relating to the yearly evolution 

of hazards at specific locations to be used in the 

economic models. 

The evolution of hazards can be indicated, for example, 

by the expected change in the number of days or events 

per year. The following hazards have been covered 

under the GIZ projects:  

- Droughts  

- Floods 

- Heatwaves 

- Extreme precipitation  

- Extreme temperature  

- Wildfires 

- Extreme wind 

- Dzuds (Mongolian weather phenomenon: 

combination of extreme cold, storms and drought) 

There are many more weather and climate hazard types, 

some of which only appear in specific regions or 

countries.9 A detailed description of the definition and 

estimation of some climate hazard indicators is given in 

Climate Hazards Analysis: Georgia (GIZ 2021a). 

Additionally, you can find a report of how to identify 

and analyze the future likelihood and potential severity 

of major water-related climate hazards in a national 

report developed under the CRED project in òCreating 

 

9 United Nations Office for Disaster Risk Reduction (UNDRR) (2021), Hazard Information Profiles. https://www.undrr.org/quick/66872. 

Climate Risk Assessments for National-Level Water-

Related Hazardsó.  

Optional: Creation of national climate risk profiles 

It can be helpful to create climate risk profiles for 

partner countries, based on the simulation of future 

hazards. These risk profiles should contain maps and 

visualisations of the main hazards for each country. 

Implementation requirements and estimated 

expert days 

As suggested, the modelling and provision of climate 

hazard scenarios requires additional international 

climate modelling experts. It is calculated that about 30 

to 40 international expert days are needed, but it could 

be more if further support for sub-models is necessary 

(e.g. changes in the water cycle, other ecological 

feedback). Additional support from national experts (0 

to 10 days) is advised to support the involvement of 

national meteorological or climate research 

departments. 

 

2.8 Assessment of economic 
damage 

Economic damages from current and past impacts of 

climate hazards provide the only available evidence and 

give some guidance on what to expect from future 

climate change. They therefore play a critical role when 

modelling possible future economic damages and 

impacts from climate change. Different approaches can 

be used to integrate economic damages into economic 

models, depending on the type of model. Both models 

considered in the CRED and DIAPOL-CE projects (e3 

and DGE models) work with some kind of damage 

functions which are integrated into the economic 

model. The economic models are bottom-up, that is, 

damages from climate change are included based on 

specific sectoral damage assessments.  

 

 

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 past 

economic damages from EWEs (such as flooding and 

drought) in order to extrapolate them into the future, 

based on the increase in the severity of climate hazards 

(see Step 3 of the hazard assessment). This approach 

has limitations in terms of capturing emerging new risks 

that are difficult to anticipate. Scenarios based on past 

climate-related damages are certainly not a complete 

guide to the future and provide only a partial picture of 

expected impacts. Such limitations should be clearly 

communicated. 

The basic approach for conducting an assessment of 

economic damages is to proceed with the short-list of 

the climate hazards created in Step 2 of the hazard 

analysis and collect data on past economic effects from 

climate hazards. In the context of the CRED-supported 

e3 models, this involved creating an Excel sheet to 

collect all available information on the key 

EWEs/climate hazards and reported damages, with 

support from national experts. See below, for example, 

the columns of the Excel sheet used to collect data on 

past climate hazards in Kazakhstan (with damages 

expressed in Kazakh tenge). 

 

EWE Region Year Month Affected 
sector 

Physical 
damage 

Number of 
buildings 
damaged 

Hectares 
affected 

Economic 
damage  
(m KZT) 

Economic 
losses   
(m KZT) 

Recovery 
costs    
(m KZT) 

Persons 
affected 

Source 

 

Data collection should be accompanied by additional 

stakeholder consultations and expert discussions. An 

example of ToR for the collection of damage 

information is available here (GIZ access only). 

A different approach was taken for developing the 

sector-specific damage functions that can be integrated 

into DGE models. They can be created in cooperation 

with national sectoral experts that provide damage 

estimates for a specific sector based on the 

requirements of the DGE model. A comprehensive 

summary of the data requirements for the DGEð

CRED model is available in the model overview on the 

open source platform GitHub (see GitHub ð 

schultkr/DGEðCRED). 

Data for benchmarking and determining the probability 

of key climate hazards under different SSP scenarios 

need to be collected from international, national or local 

climate models and reports. Most climate models 

provide probabilities for EWEs in the future, which can 

be used to determine the increased likelihood of them 

occurring in the future under a specific SSP scenario 

compared to the past. Climate hazards related to 

weather (number of hot days, droughts, extreme 

precipitation, etc.) and the increase in intensity and 

probability in each country can be calculated using 

publicly available climate data sources (e.g. World Bank 

website). For riverine floods, Aqueduct Floods shows 

how the occurrence of a specific flood type (e.g. 20-year 

floods) increases under climate change.  

As the rate of change of the probability of certain types 

of EWEs varies, further differentiation between some 

categories is recommended. For instance, different 

flood types have been observed in Georgia: annual 

meltwater floods, 10-year floods with higher water 

levels than usual and 100-year floods that are 

particularly destructive due to exceptionally high water 

levels. Estimates from the Aqueduct Tool suggest that 

historical 10-year floods will occur twice as often (every 

five years) under the SSP5-8.5 scenario, while 100-year 

floods will occur every 20 years. Thus, the probability 

for different flood categories in Georgia increases by 

between two and five times compared to the past. 

Potential future country-specific hazards should be 

created in a standard format for all the impact channels 

and hazard types considered. Additionally, expected 

probability changes for these hazards, including 

regional disaggregation, if possible, should be provided. 

For more complex impact channels, notably water-

related hazards (drought and flood events), it is advised 

to generate country-specific datasets. These datasets 

should cover historical climate patterns, categorise 

economic damage and identify probability and intensity 

trends for each hazard category. Hazard scenarios 

should also include a high-impact damage category not 

represented in historical data, taking into account that 

(1) the observational time is limited and (2) recent 

EWEs have exceeded existing extreme values in almost 

all countries. These events should be included with a 

low but increasing probability.  

https://dms.giz.de/dms/llisapi.dll/app/nodes/346760168
https://github.com/schultkr/DGE-CRED
https://github.com/schultkr/DGE-CRED
https://climateknowledgeportal.worldbank.org/download-data
https://climateknowledgeportal.worldbank.org/download-data
https://www.wri.org/data/aqueduct-floods
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Estimating the probability of high-impact damage 

events that exceed historical extremes is a critical yet 

challenging aspect of developing comprehensive 

climate hazard scenarios. The observational record is 

often limited, especially for rare catastrophic events, 

making it difficult to establish robust statistical 

relationships. Additionally, as the climate continues to 

change, the frequency and intensity of these extreme 

events may increase in non-linear ways, exceeding past 

observations and straining the capabilities of existing 

models. Uncertainties in future climate projections, 

especially at regional scales, further complicate efforts 

to reliably quantify the changing probability of such 

high-impact occurrences. To address these challenges, 

the scenario analysis should incorporate expert 

elicitation, explore a range of plausible scenarios 

(including high-end, low-probability outcomes), 

leverage ensemble modelling to characterise 

uncertainties and account for the compounding effects 

of multiple climate hazards. 

In contrast to economic data that is regularly published 

by national statistics offices, climate damage data is not 

provided as comprehensively and systematically. 

Therefore, time-consuming desk research and 

consultation with relevant experts are required to obtain 

the necessary data. This information provides the basis 

for simulating future economic damages from climate 

risks. In Mongolia, we have summarised the number of 

heavy rain and flood events from 1996 to 2023 (see 

Figure 15) to further quantify the economic damages 

caused by these weather events. By analysing the 

probability trends inherent in these events, we aim to 

enhance our capacity to predict future trends. 

 

 

Figure 15: Number of heavy rain and flood events from 1996 to 2023 in Mongolia 

Source: Own illustration 

For a comprehensive understanding of the impact of a 

hazard, the assessment should cover as many economic 

aspects as possible, including direct damage to 

economic assets, losses in asset production (e.g. 

damaged infrastructure, livestock and crop losses) and 

related impacts on economic processes (see PESETA 

IV as an example).  

Relevant economic impacts from climate change 

include: 

- Reduction in economic productivity 

- Lower labour productivity 

- Increased demand for cooling and lower demand 

for heating and health care services 

- Impaired hydropower generation  

- Reduced thermal power generation capacity due to 

insufficient cooling water 

- Reduced pasture productivity 

- Price increases due to scarcity (e.g. transport and 

food) 

- Higher insurance premiums 

- Reconstruction costs for damaged infrastructure 
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https://joint-research-centre.ec.europa.eu/peseta-projects/jrc-peseta-iv/droughts_en
https://joint-research-centre.ec.europa.eu/peseta-projects/jrc-peseta-iv/droughts_en
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Simulation of future economic damage 

The data collected on economic damages from past and 

estimated future impacts of climate hazards provide 

valuable evidence and the basis for simulating potential 

future economic damages and impacts from climate 

change. Initially, a baseline for future economic damage 

scenarios should be established using data from the 

bottom-up approach. In establishing this baseline, past 

economic damages from EWEs such as floods or 

droughts are extrapolated into the future. To 

incorporate the effects of climate change, the 

probability and intensity of EWEs will be adjusted in 

combination with climate projections (e.g. SSP5-8.5, 

SSP2-4.5), as shown in Figure 16. Moreover, the direct 

impacts of EWEs are implemented as effects on human 

behaviour, production factors and infrastructure, 

including: 

- Household consumption expenditure 

- Exports and imports 

- Investment 

- Prices of products, labour and capital 

- Labour productivity

 

 

Figure 16: Simulating damage in the future by climate scenario and year 

Source: Own illustration  

However, the bottom-up approach has limitations in 

terms of capturing emerging risks that are difficult to 

anticipate and those relating to chronic hazards. The 

scenarios based on past climate damages are not a 

complete guide to the future and provide only a partial 

picture of expected impacts.  

Due to the high level of uncertainty inherent in the 

bottom-up 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 sector-specific and 

regionally disaggregated estimates of climate impacts. 

Bottom-up data can be used to inform and calibrate the 

top-down models.  

 

The key steps include: 

- Translating top-down impacts into yearly GDP 

scenarios for each SSP considered (relative to 

baseline scenario with no climate change) 

- Calculating the yearly total bottom-up GDP 

impact for each SSP (combining domestic, 

international and transboundary impact channels) 

- Calculating the ôadjustment ratioõ for matching 

top-down and bottom-up estimates for each year 

- Including adjusted bottom-up damages into the 

model 
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This procedure ensures that the modelled damages 

align with damage estimates from existing studies while 

adding the sectoral and spatial disaggregation necessary 

to estimate the economic damage avoided thanks to 

adaptation actions. 

The data collected in the steps above make it possible 

to integrate climate hazard scenarios and economic 

vulnerability into the e3 models, based on the 

assessment of past economic damages and the future 

economic damage estimates obtained. Simulated future 

economic damages in the e3 models are driven by the 

increase in the probability and intensity of climate 

hazards.  

The damage data collected must be translated into 

economic variables and allocated to the economic 

sectors covered by the e3 models. Depending on the 

kind of damage data used, these are implemented either 

as price or demand shocks for the corresponding 

economic sectors. Crop damage and the resulting 

increase in imports or prices are allocated to the 

agricultural sector. Damage to infrastructure, for 

example, buildings and roads, are implemented as 

additional (involuntary) investments, while the 

replacement of destroyed private household furnishings 

causes additional (involuntary) household expenditure.  

Implementation requirements and estimated 

expert days 

Efforts to collect data on economic damages should 

start under Task 2.3.2 to ensure robust identification of 

key hazards. This work should be detailed, and results 

need to be formatted according to the technical 

demands of the macroeconomic model. This is no easy 

task, as the national experts providing data on economic 

damages need to understand the format requirements 

and provide data sheets accordingly. It is calculated that 

about 40 to 60 national expert days are needed. 

Additionally, some international expert days (10 to 20) 

are needed to ensure the consistency of datasets and 

prepare for their integration into the model. 

 

2.9 Integration of climate 
hazards into the economic 
model  

The final step is the integration of damage data into the 

economic model. This is achieved by combining the 

likelihood of a certain climate hazard occurring under a 

specific climate change scenario (e.g. RCP 4.5) with the 

damage estimates based on the review of past damage 

data. The economic model includes and represents 

economic vulnerability and exposure in terms of the 

broader climate risk assessment framework (see Figure 

17). It describes in detail the structure of the economy 

and its economic sectors and productivity and 

employment patterns. The descriptions of economic 

vulnerability and exposure are thus more fine-grained 

and dynamic as compared to other existing climate risk 

assessments, for example, the Economics of Climate 

Adaptation (ECA) Framework, which focuses mainly 

on economic assets.  

For the climate hazards, the probability of occurrence 

and the intensity of country specific hazards (e.g. 

droughts, heatwaves, floods) was analysed for three SSP 

scenarios (SSP1-2.6, SSP2-4.5 and SSP5-8.5). The 

projected frequencies of climate hazards differ by 

intensity (low, medium, high) and by SSP scenario. A 

description of the climate hazard assessments 

conducted for Georgia, Kazakhstan and Mongolia can 

be found in the following report as well as the country-

specific reports and factsheets that are linked in this 

report: Good practice summary report climate-related 

water hazards.  

The data from the climate hazard assessments together 

with the damage data is implemented into the e3 model 

by finding appropriate variables. The initial impacts of 

climate hazards can be implemented for example as 

effects on human behaviour (e.g. increased demand for 

cooling and health care), as investments (e.g. 

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 model. The exact way that climate hazards are 

integrated into the economic model depends on its 

structure. An overview of the differences between e3 

and DGE models can be found in the Global Report 

(GIZ 2023b).  

http://eca-network.org/eca/
http://eca-network.org/eca/
https://www.adaptationcommunity.net/wp-content/uploads/2025/07/2025-Creating-climate-risk-assessments-for-national-level-water-related-hazards-en.pdf
https://www.adaptationcommunity.net/wp-content/uploads/2025/07/2025-Creating-climate-risk-assessments-for-national-level-water-related-hazards-en.pdf
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Figure 17: Integration of climate hazards and damage estimates into an economic model 

Source: Own illustration  

For more detailed information on integration into the 

DGE model, the Technical Report (GIZ 2023a) can be 

consulted, and an example of results is provided in Box 

5 below. The national report for Kazakhstan (GIZ 

2022b) contains more details on the e3 model. 

A simplified integration of climate hazard scenarios and 

damage estimates into the economic model is depicted 

below. Impacts in terms of GDP and employment can 

be provided for each hazard individually or for all 

hazards depending on the specific climate change 

scenario considered. This allows different risk scenarios 

to be constructed to create a differentiated overview of 

potential economic impacts. 

A detailed description of the results is provided in 

sectoral policy briefs, for example, the case of 

agriculture in Georgia (GIZ 2021b), the energy sector 

in Kazakhstan (GIZ 2021c) and the national reports 

(GIZ 2022a and 2022b), all available at the CRED 

project website. 

Implementation requirements and estimated 

expert days 

Once sufficient data is collected, the macroeconomic 

model can be calibrated. Additional international data 

might be considered to cross-check validity and fill data 

gaps. It is estimated that 30 to 40 international expert 

days are required. It is expected that some additional 

national experts days (0 to 10) could be needed as new 

requirements and data gaps emerge.  

Table 8 presents an overview of the time and estimated 

expert day requirements for the specific tasks involved 

in understanding the key national risks posed by climate 

change and enabling the integration of key drivers into 

the macroeconomic model.  

 

 

 

  

Box  5. Example of results calculated with the DGEėCRED model 

Due to the increasing impact of climate change on Viet NamĚs long-term economic growth and its consequences, 

the DGEėCRED model was applied to assess the effects of climate risks and potential adaptation strategies on 

Viet NamĚs economy. It is constructed as a multi-region model, which allows differentiation between regions to 

https://www.giz.de/en/projects/policy-advice-climate-resilient-economic-development
https://www.giz.de/en/projects/policy-advice-climate-resilient-economic-development
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account for regional climate developments. Trends in climate variables are defined with the help of meteorological 

models based on the IPCCĚs SSP1-1.9, SSP2-4.5 and SSP5-8.5, that is, scenarios with low, medium and high 

mitigation challenges. The DGEėCRED model compares the effects of these different climate change scenarios to 

a baseline scenario, which assumes that climate change has no economic impacts. Figure 18 visualises the GDP 

losses expected under the different climate change scenarios without adaptation action. The simulation results 

indicate that climate change can reduce Viet NamĚs annual GDP on average by 5% in the 2050s. They also clearly 

show that the Mekong and Red River deltas are particularly affected by economic losses, even in the most 

optimistic scenario (SSP1-1.9), while mountainous areas are less vulnerable due to higher altitudes. Furthermore, 

the GDP losses only peak in the optimistic SSP1-1.9 scenario in the second half of the 21st century, whereas in 

more severe climate change scenarios, GDP losses increase continuously, decade by decade, until the end of the 

century if no adequate adaptation actions are taken.  

 

 

Figure 18: GDP losses from climate change impacts in six regions in Viet Nam (in %) 

Source: Own illustration 

 

  

Table 8: Timeline for creating climate damage functions 

Workplan                            
(month of project implementation) 

1ė6 7ė9 10ė12 13ė15 16ė18 19ė21 22ė24 25ė30 

Task 1: Review economic risks 
from climate change 

NE: 
10ė20 
IE:   
0ė5 

       

Task 2: Identify key risks and 
climate hazards 

NE: 
10ė20 
IE:   
0ė5 

NE: 
10ė20 
IE:   
5ė10 
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Task 3: Model climate hazard 
scenarios 

 NE:  
0ė5  
IE:  
15ė20 

NE:  
0ė5  
IE:  
15ė20 

     

Task 4: Assess economic damage  NE: 
20ė30 
IE:   
5ė10 

NE: 
20ė30 
IE:   
5ė10  

     

Task 5: Integrate damage 
functions into model 

   NE:  
0ė5   
IE:  
15ė20  

NE:  
0ė5  
IE:  
15ė20 

   

National expert (NE) days (total 
70ė140) 

20ė40 30ė55 20ė35 0ė5 0ė5    

International expert (IE) days 
(total 75ė120) 

0ė10 25ė40 20ė30 15ė20  15ė20     

Note: The figures refer to the systematic application of the CRED approach in one country. The required time and expert days depend greatly 
on national circumstances. These are rough estimates only. For multiple countries, scale effects do apply (when implemented in x countries, 

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

 

 

 

After setting up the macroeconomic model and 

identifying climate risks, the next task is to identify 

appropriate climate measures by: 

ü Creating a priority list of climate measures  

ü Compiling data on priority adaptation measures for 

integration into the model  

ü Developing mitigation measures 

This chapter provides in-depth information on these 

steps.  

The identification process is different for adaptation 

measures than it is for mitigation measures, as available 

data is typically scarce and bridging the gap between 

climate risk, economic damage and adaptation potential 

is challenging for different reasons. In addition to the 

problem of limited data availability, economic impact 

needs to be estimated by collecting past damage data, 

which then has to be projected into the future. These 

projections should then be linked to IPCC climate 

scenarios. As data on GHG emissions and energy 

production is widely available, the identification of 

mitigation measures may require relatively less effort. 

3.1 Creating a priority list of 
adaptation measures  

Since macroeconomic assessments are rather resource-

intensive, it is not appropriate to conduct them for all 

possible adaptation measures. One of the reasons is that 

macroeconomic assessments of adaptation measures 

rely on data that is not always readily available (for more 

details, see Section 3.2). Therefore, it is recommended 

to prioritise measures first to keep the need for 

additional data collection to a feasible level. 

There should be clear criteria for selecting adaptation 

measures to be analysed with a macroeconomic model. 

The following criteria provide a starting point for 

filtering the adaptation measures for inclusion in the 

model. It should be noted that even if an adaptation 

measure has not been chosen to be included in the 

model, it can still be important for the overall 

adaptation strategy and have positive impacts. 
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1. Relevance for policy processes and need for 

action. An important aspect is the relevance of the 

adaptation measure for policy processes. If the 

need for action is particularly high due to the 

climate risk or in a specific economic sector, then 

adaptation measures that address these risks should 

be prioritised. For example, the agriculture and 

tourism sectors are very important for the economy 

in Georgia. Accordingly, it may be particularly 

relevant to subject adaptation measures that have 

an impact on these two sectors to a detailed 

analysis. 

2. Appropriateness for addressing the identified 

climate impacts. Only those adaptation measures 

that are appropriate for reducing the impacts of a 

particular climate hazard under investigation 

should be analysed to determine their 

macroeconomic effects. Thus, an adaptation 

measure for agriculture should have a positive 

impact on crop yields, for example, in the face of 

increasing drought risks. 

3. Relevance of the expected macroeconomic 

effects. A third important aspect is the expectation 

as to the macroeconomic effects. The use of the 

macroeconomic model only makes sense if the 

expected macroeconomic effects are relevant and if 

interactions between different economic sectors 

are expected. The macroeconomic relevance may 

result from both the costs and the benefits of the 

adaptation measure. It is especially useful to utilise 

the model for assessments of high-cost adaptation 

measures, such as large infrastructure measures, 

and to use the results to justify investments.  

4. Data availability. Sufficient and consistent data 

are essential for robust quantitative analysis. The 

dataset should exhibit temporal consistency and 

adhere to a well-documented data collection 

approach with clearly defined criteria. Moreover, a 

larger volume of data generally enhances the 

reliability and robustness of the results. In cases of 

data gaps or insufficient data points, insights from 

existing research in similar contexts can help make 

informed assumptions to address any such 

shortcomings. 

5. Ability  to be translated into the 

macroeconomic model. Sectoral adaptation 

measures can only be integrated into the next step 

of assessment if they can be described in a way that 

is compatible with the macroeconomic model. 

The figure below gives an overview of the criteria and a 

potential selection process.

 

 

Figure 19: Criteria and process for selecting adaptation measures 

Source: Own illustration  
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For the selection of adaptation measures, stakeholders 

should also consider the different types that can be 

assessed using macroeconomic models. This differs 

from the more engineering-based focus of technical 

adaptation, as the adaptation of economic agents can be 

supported with a broad range of economic policy 

instruments. Table 9 provides an overview of the 

different types of adaptation policy instruments that can 

be considered and highlights options for translating or 

mapping such measures into the economic model.  

These instruments enable the government to prescribe, 

regulate, initiate or create incentives for adaptation 

measures. Not all types of instruments can easily be 

translated into model parameters. While economic 

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 command-and-control instrument, the assumption 

entered into the model would be to treat the regulation 

as binding, that is, everyone complies with the 

regulation.  

It is recommended to conduct stakeholder dialogues on 

relevant adaptation measures and raise awareness 

among the stakeholders about the factors to be 

considered, as described above.  

The identification process can be structured into the 

following steps: (1) establish a long-list (e.g. based on 

an existing NAP and NDC), (2) draw up a short-list of 

priority measures and (3) have adaptation measures 

described in the required economic form, such as CBAs 

compatible with the macroeconomic model, as shown 

in Figure 20 below. 

 

 

 

 

 

Table 9: Overview of different types of adaptation policy instruments 

Source: Own illustration 

 

 

Figure 20: Steps for identifying adaptation measures for macroeconomic assessments  

Source: Own illustration 



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

 

61 | 100 

Implementation requirements and estimated 

expert days 

The identification of relevant adaptation measures to be 

considered is based on the policy entry point studies 

conducted with stakeholders. The identification of a 

short-list of measures operationalises adaptation 

planning into concrete policy measures and should lead 

to the formulation of concrete requests to the technical 

experts running the macroeconomic model. Selected 

reports and templates for organising this process are 

available here. Notably, parts of the Draft ToR on 

Policy Advice Support for CRED could be used to 

organise support. In total, national experts might 

require 25 to 40 days to discuss key planned adaptation 

measures, organise workshops and report on the most 

suitable measures, building on the criteria outlined 

above. International experts can facilitate these 

processes, contributing around 10 to 20 days. 

 

3.2 Compiling data on priority 
climate measures  

3.2.1 Compiling adaptation data on 
priority measures for 
integration into the model  

Since the quality of the model conclusions is strongly 

reliant on the quality of the data, it is essential to 

conduct thorough validation, including stakeholder 

discussions, to verify the assumptions and ensure the 

robustness of the modelling results. Specific types of 

data are required based on the type of climate action 

being addressed. Each action presents unique 

challenges and solutions. It should be assumed that 

ministries of economy cannot provide the required data 

on their own. Additional support and interaction with 

sectoral line ministries and research institutions are 

needed.  

CBA implementation 

Generally, a CBA should include a description of the 

context and objectives, an evaluation of technical and 

environmental feasibility, a financial and economic 

analysis and a risk assessment. There are guidelines that 

can be considered to allow the broad application of 

CBA output in macroeconomic models. A commonly 

used financial methodology is the discounted cash flow 

(DCF) method,10 where only cash flows in constant 

prices without value added tax (VAT) are considered.  

Technically, a CBA must include indicators that are 

relevant for the monetary evaluation of selected 

adaptation measures. The net present value (NPV) is 

the difference between the discounted costs and 

benefits of a measure over its entire lifetime. By 

accounting for the fact that future costs and benefits are 

worth less today, the NPV provides a comprehensive 

assessment of the measureõs value. The financial 

discount rate (FDR) is a measure that reflects the 

decrease in the value of money over time, allowing for 

the comparison of future costs and benefits at their 

present value to calculate the NPV of future cash 

flows.11 The FDR reflects the opportunity cost of 

capital. In addition, the discount factor represents the 

ratio of the NPV of a future cash flow to its value if it 

were occurring today. It decreases exponentially by the 

discount rate each year, with a discount factor of 1 for 

the current year and decreasing values for subsequent 

years. As an orientation for the FDR, the European 

Commission suggests the following reference periods.12 

 

 

 

 

 

10 Commission Delegated Regulation (EU) No 480/2014. 

11 For example, with a 3% discount rate, a cost or benefit of USD 100 occurring next year would be equivalent to USD 97 today, and a cash flow of USD 100 
occurring five years from now would be worth USD 86 today. 

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

https://dms.giz.de/dms/llisapi.dll/app/nodes/342584056
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Table 10: Reference period by sector 

 

Source: Annex I to Commission Delegated Regulation (EU) No 

480/2014 

The costðbenefit ratio (CBR) is the share of 

discounted costs with discounted benefits for the entire 

lifetime of a measure. A CBR of less than 1 indicates 

that the measure is cost-effective, meaning that the 

benefits outweigh the costs. The internal rate of 

return (IRR) is the discount rate at which the NPV of 

a measure equals zero. It is used to compare different 

measures, with higher IRR values indicating greater 

returns on the investment. Additionally, the return on 

investment (RoI) measures the money saved with the 

investment as a percentage of the total investment. A 

higher RoI signifies higher returns from the project in 

relation to the invested sum. The payback time is the 

time it takes for the undiscounted annual cash flows 

(benefits minus costs) to equal the initial investment 

costs and cumulative running costs. It indicates the time 

after which net benefits will be earned from the 

investment. 

Quantification of policy scenarios (QPS) 

Building on the short-list of priority qualitative 

adaptation measures, subsequent integration into the 

model and assessment requires a robust quantification 

of all the measures. This can be achieved by directly 

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.  

If neither CBAs nor similar analyses are available, other 

national analyses, including quantifications of policy 

measures or international experiences of comparable 

countries, can be used to inform the model.  

Macroeconomic models require compatible information 

as input. As a rule, this includes at least the cost of the 

measure, that is, investments and other expenditures 

required for its implementation and operation (CAPEX 

and OPEX), reduced costs of climate change (damage 

reduction) and financing. Annual resolution of the 

information is advantageous but not necessary. 

Compatible means that these effects can be quantified in 

model variables. 

While this direct translation offers a streamlined 

approach, a CBA can be conducted as an additional 

approach, if the necessary data is available, to provide a 

more comprehensive comparison of socio-economic 

and environmental costs and benefits. If the benefits 

outweigh the costs, the adaptation measure can be 

deemed economically viable. CBAs are carried out at 

the project or sectoral and subnational level, and the 

findings form a crucial basis for macroeconomic 

assessments. The results of the CBA are then integrated 

into a macroeconomic model to assess the impact on 

the entire economy.  

In the following steps, it is assumed that the CBA 

results are aggregated to at least the sectoral level 

(sectoral CBA) to be relevant for macroeconomic 

modelling.  

The CBA method and implementation has advantages 

and some challenges. On the one hand, the costs and 

benefits of a project or measure are presented in detail 

over time, providing valuable additional information 

for stakeholders and policy-makers in general, which 

means there are various reasons for a CBA beyond 

macroeconomic modelling. On the other hand, the time 

required and the cost of conducting a CBA are high due 

to the amount of data that has to be collected. The 

number of feasible CBAs existing in a country will 

therefore be limited. 
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Figure 21: QPS process 

Source: Own illustration 

To assess an economy-wide adaptation scenario, it can 

be feasible to evaluate one adaptation measure at the 

regional/sectoral level, with the goal of scaling up the 

results to other regions or sectors, as appropriate, by 

assuming analogous correlations of costs and benefits. 

When resources are limited, this can be an efficient way 

to simultaneously conduct detailed bottom-up 

investigations and allow for a top-down 

macroeconomic analysis. One key challenge in the 

economics of climate change adaptation is that the costs 

and benefits of different adaptation measures often 

occur at different times and in different places. For 

example, the costs of implementing adaptation 

measures, such as building sea walls or improving 

irrigation systems, are often borne by governments or 

individuals in the present, while the benefits of these 

measures, such as reduced damage from natural 

disasters, may only be realised in the future. Putting 

such costs (investments) and benefits into perspective 

is the key value added. 

 

 

 

 

 

To quantify adaptation policy scenarios, the following 

steps should be taken: 

1. Clarify what minimum information the 

macroeconomic model requires (cf. QPS) 

2. Check for which adaptation measures relevant 

quantifications from sectoral CBAs, international 

experiences or other analyses of policy measures 

are already available (and collect the data) 

3. Decide with modellers and stakeholders for which 

adaptation measures QPS, including sectoral CBAs, 

will be conducted 

4. Define the interfaces between QPS, such as 

sectoral CBAs, quantifications from international 

experiences and other quantitative analyses of 

national policy measures 

5. Implement QPS, including sectoral CBAs 

6. Integrate QPS, such as sectoral CBA results or 

other quantifications, into the climateðeconomy 

model 

Steps 1 to 4 should be conducted in coordination with 

modellers and GIZ. Step 2 may be undertaken by 

another institution or consultancy. Subsequently, the 

sectoral policy scenario (with adaptation measures) is 

translated into economic terms, that is, QPS, including 

sectoral CBAs (Step 5), for integration into climateð

economy models (Step 6). 

https://gizonline.sharepoint.com/:x:/r/sites/CREDExternalwithguests/Freigegebene%20Dokumente/General/Adaptation%20Policy%20Scenarios%20%26%20Cost%20Benefit%20Assessments/Cost%20Benefit%20Assessments%20templates/ClimateChangeAdaptation_Template_MN.xlsx?d=wf322cd814eb5436bb25c761218fec08b&csf=1&web=1
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Data requirements 

It should be assumed that if the ministries of economy 

themselves cannot provide this data, additional support 

and interaction with sectoral line ministries is needed to 

enable relevant institutions to deliver it. If the required 

data do not exist, they can be created by national experts 

based on similar QPS or CBAs from international 

reference cases and adapting them to the local/national 

context. This might also involve additional interviews 

with stakeholder groups to have validated estimates on 

the investments required (adaptation costs), reductions 

in the climate damages they address and other 

associated economic co-benefits (adaptation benefits). 

As a long-term perspective is mostly used in 

macroeconomic modelling, yearly resolution generally 

suffices. Naturally, choosing yearly data facilitates data 

collection, especially considering the required cross-

sectional interplay of data sources within the overall 

macroeconomic approach, which includes information 

such as data on climate hazards, damage data and 

economic indicators at the regional and sectoral level. 

Each selected adaptation measure or scenario should be 

evaluated against the three SSPs ð SSP1-2.6, SSP2-4.5 

and SSP5-8.5 ð to ensure a comprehensive analysis and 

robust results. For the different scenarios, the intensity 

and frequency of climate change impacts vary. This can 

be mapped in the QPS by choosing an appropriate 

intensity factor and annual probability estimated in a 

parallel process. As the pace of climate change is 

increasing, a suitable factor needs to be determined and 

applied to both intensity and probability. To determine 

lost revenue, past climate damage data are collected in 

a time series and projected into the future for each SSP. 

Information is required about whether the financing 

sources for the identified climate adaptation scenarios 

are national or international because in the latter case 

there would be monetary funds added to the national 

account, while in the first case money would merely be 

relocated within the domestic economy, resulting in a 

reduction in the financial resources available for a 

different sector to finance the selected climate 

adaptation measure. In addition to the international vs 

national dimension, the question of whether investment 

is private or public should be considered to draw 

conclusions regarding the public budget.  

Both dimensions can be combined so that there is a mix 

of different financing components. For instance, public 

funding can encourage private investment, and 

international financing may be conditional on national 

financial commitments. While it may be challenging to 

calculate exactly the share of different types of 

financing for selected climate adaptation scenarios, the 

question should be considered from the outset so that 

the economic feasibility of implementing them can be 

evaluated. 

 

3.2.2 Developing mitigation 
measures  

As outlined in the introduction of this handbook, 

climate mitigation measures can vary greatly in design 

and scope. The macroeconomic modelling approach 

can cope with different scenarios, which may cover 

different key methodologies, such as carbon pricing, 

sectoral assessments (e.g. energy, transport, and 

agriculture, forestry and other land use) and green 

industrial policy. So far, both carbon pricing and 

sectoral assessments have been included in the 

modelling activities, whereas the concept of green 

industrial policy is yet to be integrated into the approach 

(see Chapter 8 ð Outlook and Conclusion). 

Data requirements 

In most countries, datasets on sectoral emissions exist 

or have been developed for NDC or long-term low-

emission development strategy processes. Accessing 

these datasets may require a formal process of approval 

or purchase from the institution that initially generated 

the data. Macroeconometric models (such as the e3 

models) require time series (e.g. from 1960 to 2020) for 

the economic data. For the energy and emissions 

modules of the e3 models, energy balances or 

inventories, including supply and demand by sector and 

type (fossil, renewable, heat, electricity), are required on 

an annual basis. Based on the energy balances, 

emissions data is calculated with fixed emission factors 

(GIZ 2023c). If the required time series are available, 

they may contain gaps (e.g. a missing year). Solutions on 

how to fill the gaps should be identified by a joint 

consortium including national experts who can check 

the accuracy of the proposed interpolation.  
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Additionally, data are required to estimate the costs and 

benefits of mitigation measures. This can include, 

among other things, the cost of investment in 

photovoltaics and jobs per MW of capacity for 

operation and maintenance. Overall, the sectoral 

economic and emissions data (e.g. from the transport, 

industry or energy sector) must be collected and 

validated by national experts. As for adaptation, when 

national data is missing, international data sources, such 

as the International Energy Agency (IEA), the World 

Bank, the International Labour Organization (ILO) or 

others, can be used. However, it is highly recommended 

that the selected data from an international public 

source are also thoroughly reviewed and validated by a 

national expert to ensure ownership and accuracy.  

Process to identify and select carbon pricing 

instruments 

The identification of possible mitigation measures with 

regard to carbon pricing options heavily depends on the 

circumstances of the energy market, as this sector 

typically has the highest emissions, followed by 

agriculture and transport. A prerequisite for setting a 

price on GHGs in the energy sector is a market where 

consumers can choose between different providers. 

This would lead to competition between energy 

producers, where climate friendly firms emitting less 

would be cheaper and therefore have a stronger 

comparative advantage as GHG prices rise. Otherwise, 

the financial incentive would only work to a certain 

extent where energy consuming businesses are 

incentivised to use existing energy more efficiently to 

lower production costs. 

However, in some developing countries, energy 

production is centralised and often state-owned. In 

such cases, appropriate reforms would have to be 

implemented to ensure a functioning energy market 

before GHG prices could be implemented effectively. 

Several factors, ranging from the type of instrument to 

the use of funds (see Figure 22), can play into the 

identification process. Therefore, it is crucial to not only 

focus on the design of the instrument in terms of 

effectiveness but to also consider socio-economic 

aspects such as political feasibility, as public acceptance 

is paramount for successful implementation. This can 

be facilitated by ensuring transparency about the use of 

funds, which may be returned to businesses or citizens. 

In some countries, there might already be taxes related 

to carbon pricing, such as pollution taxes.

 

 

 

Figure 22: Identification and assessment criteria for carbon pricing 

Source: Own illustration 

If a carbon pricing instrument is identified and 

designed, its suitability for macroeconomic modeling 

should then be assessed. The appropriateness of the 

measure for reducing GHG emissions and the expected 

macroeconomic effects should be investigated, and the 

availability of data assessed. Lastly, the assumptions and 

components of the carbon pricing measure should be 

feasible for integration into the model. 
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Box  6. Modelling a carbon tax in Mongolia 

Mongolia has already experienced significant climate change, with warming over 2 °C since 1940. GHG emissions 

have sharply increased, doubling from 23 million tonnes of carbon dioxide equivalent (tCO2e) in 1990 to 46 million 

tCO2e in 2019. Per capita emissions are at 13 tCO2e, much higher than the global average. MongoliaĚs NDC targets 

a 27.2% GHG emissions reduction by 2030 against projected emission paths, although emissions are projected to 

nearly triple from 1990 levels by 2030 without structural changes. Agriculture and energy are the main 

contributors, responsible for 97% of GHG emissions in 2020. Energy generation relies heavily on outdated coal-

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 effects of 

carbon taxation in energy and industry. For it to be effective, energy price reform is essential to ensure emission 

costs are reflected in end-user prices. 

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

 Carbon tax Lump sum Renewables Heat Collateral 

Scenario 1 ė carbon tax Increase to USD 35 
in 2040 

50% 25% 25%  

Scenario 2 ė carbon tax 
investment leverage 

Increase to USD 35 
in 2040 

50% 25% 25% Leverage 
factor of 5 

 

The carbon tax generates USD 1 billion by 2030, USD 7 billion by 2040 and USD 16.5 billion by 2050. Half of the 

revenue is distributed to households as lump sum transfers, which are fully spent. In Scenario 1, another 25% 

funds renewable energy expansion, while the remaining 25% supports the conversion of coal-based heating to 

carbon-free sources, such as heat pumps, burning waste or biofuels, targeting full decarbonisation of 

UlaanbaatarĚs heat supply by 2050 at a cost of USD 3.8 billion, with nationwide costs estimated at USD 8.4 

billion. Scenario 2 reallocates 50% of revenues as collateral for green loans, leveraging investments up to five 

times the collateral. These loans support renewable energy and decarbonised heating, based on estimates agreed 

with stakeholders. 

Figure 23: Impacts of Scenario 2 on economy - deviations from reference (%) 
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Both carbon tax scenarios have a positive impact on key economic indicators, driven by increased investment and 

private consumption, although this is offset slightly by higher imports of investment goods. Electricity prices rise, 

increasing the overall price level, while energy consumption shifts towards renewables and heat pumps. GHG 

emissions decrease in both scenarios as a result of investment in zero-carbon technologies, making the carbon 

tax an effective tool for climate action and energy sector reform in Mongolia. Renewables are globally recognised 

as the most cost-effective option for new electricity generation. 

The findings align with positive outcomes in other countries with carbon taxes and World Bank observations on 

socio-economic benefits, including reduced air pollution and improved health. However, MongoliaĚs energy market 

challenges and potential energy price increases for low-income groups must be considered. Electricity market 

reform is essential to ensure the carbon tax is effective and its benefits reach consumers. 

 

Cross-cutting measures 

Cross-cutting climate actions aim to reduce GHG 

emissions while also building resilience to climate 

hazards. When planning large-scale climate action, it is 

crucial to consider how the proposed measures support 

climate resilience and reduce GHG emissions to 

achieve a sustainable future. One example of cross-

cutting action is improving energy efficiency in the 

building stock in Kazakhstan. This cross-cutting action 

aims to reduce energy consumption in public and 

private buildings while also strengthening resilience to 

temperature changes, such as extreme heat and cold, by 

improving the insulation of floors, roofs and walls, and 

indirectly reducing health risks from extreme 

temperatures. 

Combining adaptation and mitigation action requires 

extensive data collection, expertise and stakeholder 

coordination, but it also maximises climate protection, 

promotes efficient use of resources and aligns overall 

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 for 

Kazakhstan. These result in extremely low and high temperatures. Currently, the heating season in the country is 

roughly six months long, with heating needed from around 143 to 231 days. Current heating needs and the risk of 

extreme weather events require different approaches to energy efficiency in buildings in Kazakhstan. The focus of 

the cross-cutting policy scenario is to improve the energy efficiency of public buildings and private residential 

buildings, requiring increased energy efficiency levels in both types of buildings. Improving the energy efficiency of 

buildings helps to decrease heat stress and reduces heating and cooling energy costs, in compliance with 

KazakhstanĚs Law on Energy Savings and Energy Efficiency. Furthermore, energy efficiency improvements provide 

win-win solutions for mitigation and adaptation in the context of rising energy demand and supply constraints 

due to climate change. To quantify the costs and benefits of the considered energy efficiency improvements, 

assumptions are taken from the CBA conducted by AvantGarde, which analysed the costs and benefits for public 

and residential buildings in more detail. These assumptions and the structuring of costs and benefits are the main 

source of scenario-specific data used for the implementation of the e3.kz model. The results of the CBA, are 

implemented in the e3.kz model to analyse the economy-wide impact of these adaptation measures, going beyond 

the single-sector analysis. 

Using the e3.kz model with the CBA, the economy-wide impact of the proposed energy efficiency improvements 

can be calculated. The macroeconomic effects of such measures in residential and public buildings are positive.  
































































