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1 Summary 

In recent years, the impacts of climate change become increasingly evident, both in magnitude and fre-
quency. The design and implementation of adequate climate adaptation policies play an important role 
in the macroeconomic policy discourse to assess the impact of climate change on regional and sectoral 
economic growth. We propose different modelling approaches to quantify the socio-economic impacts 
of climate change and design specific adaptations in three emerging market economies (Kazakhstan, 
Georgia and Vietnam) which belong to the areas that are heavily exposed to climate change. A Dynamic 
General Equilibrium (DGE) model has been used for Vietnam and economy-energy-emission (E3) models 
for the other two countries. Our modelling results show how different climate hazards impact the economy 
up to the year 2050. Adaptation measures in particular in the agricultural sector have positive implica-
tions for the gross domestic product (GDP). However, some adaptation measures can even increase 
greenhouse gas emissions. In addition, the focus on GDP as the main indicator to evaluate policy 
measures can produce welfare-reducing policy decisions. 

2 Introduction 
In recent years, the impacts of climate change become increasingly evident across the globe, both in 
magnitude and frequency. Climate change is a major and urgent challenge for environmental and 
socioeconomic development and poses serious risks in the mid to long term. Its consequences reinforce 
the need for approaches to assess the impact of climate risks and potential adaptation scenarios on a coun-
try's economy. The latest IPCC (2022a) report confirms the urgency to act quickly and comprehensively. 
Climate change is already underway and will continue to accelerate in the upcoming decades due to the 
inertia of natural systems. As an option for action, „climate-resilient development integrates adaptation 
measures and their enabling conditions with mitigation to advance sustainable development for all“ (IPCC 
2022b). Evidence-based projections are necessary for policymakers to implement appropriate economic 
policies. These may include shifting investments to low or zero-emission technologies (mitigation) as well 
as measures that reduce negative effects in sectors particularly affected by climate change (adaptation). 

At the United Nations Climate Change Conference COP27, the importance of adaptation to climate change 
was emphasized yet again and a general agreement has been reached to provide loss and climate-related 
damage funding for vulnerable countries. Policymakers need tools to evaluate the macroeconomic impacts 
of sector-specific economic risks and benefits (raising awareness) as well as different sectoral adaptation 
strategies (preparedness) to be able to initiate the transition to a climate-resilient economy and integrate 
findings into long-term strategies.1 Various adaptation options and evaluations exist for key economic 
sectors and climate hazards. Macroeconomic impacts and intersectoral effects of climate change and 
adaptation which go beyond single economic sectors are often still not considered, particularly in 
emerging economies. To inform policymakers on the effects of climate change on the economy and on the 
impact of suitable climate adaptation measures to reduce economic losses requires more profound data 
collection. Also data sharing on a wider range of topics including climate-related risks and loss, sectoral 
and regional characteristics and interdisciplinary collaboration is necessary. 

                                                             
1  See https://unfccc.int/process/the-paris-agreement/long-term-strategies. 

https://unfccc.int/process/the-paris-agreement/long-term-strategies
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We propose an approach developed under the programme “Policy Advice for Climate Resilient 
Economic Development (short CRED approach) that supports long-term economic planning that 
considers the costs of climate change and the policy benefits of mitigation and adaptation. Within a 
multi-country framework, we collected data from three vulnerable emerging economies that represent 
exemplary different climate zones and cover different climate hazards – Vietnam, Kazakstan, and 
Georgia. Furthermore, the selection of countries is also driven by accessibility to sectoral and regional 
expert knowledge, which is one of the most important sources for the model implementation. Whereas 
structures of underlying macroeconomic and labour market data in all three countries are similar, the 
climate-related data, economic structures, and adaptation and mitigation policy options are different. 
Kazakhstan and Georgia are both vulnerable to droughts, while Vietnam is suffering the most from 
climate change-induced sea-level rise. 

The CRED approach covers multiple steps: First, the CRED uses data gathered from global and in many 
cases regionalized climate models in the respective country. Second, CRED builds on nationally and in-
ternationally available knowledge for the translation of damages and the effects of adaptation measures 
into monetary terms. Third, CRED brings together national climate change experts and decision-makers 
for socio-economic long-term planning, so that the effects of climate change and adaptation measures 
are best understood, and long-term planning is improved with this knowledge. Overall sectoral and re-
gional aggregation allows for flexibility across countries. In Vietnam, a Dynamic General Equilibrium 
(DGE) model has been implemented that emphasizes the supply side. On the one hand, the optimization 
can represent economic adjustments under these conditions well, on the other hand, it can also lead to 
numerical problems, which can complicate its use by model builders. In Kazakhstan and Georgia, similar 
macro-econometric economy-energy-emission (E3) models are applied which are more demand-side 
oriented and less price-sensitive in the feedback mechanisms (Großmann et al, 2023). The comparison 
of scenario results for each country allows national policymakers to identify those adaptation measures 
that are highly effective and beneficial for the economy, employment, and the environment. 

3 Macroeconomic modelling and climate change adaptation 

3.1 Climate change and macroeconomic modelling 

Climate change leads to economic shocks that can affect either the demand or the supply side of the 
economy. Demand-side shocks are those that affect the components of the aggregate demand, such as 
private (household) or public (government) consumption and investment, business investment and 
international trade. Supply-side shocks affect the productive capacity of the economy, acting through 
the components of potential supply, i.e. labour, physical capital and technology. 

The impacts on the economy associated with climate change and climate change policy can be divided 
into two categories (Batten, 2018). In addition to direct risks of climate change, transition risks associ-
ated with the efforts to reduce greenhouse gas emissions (GHG) and the transition to decarbonised 
production processes affect economic activity and the structure of value creation. For both categories, 
it is important to analyse the different impact channels according to whether they are relevant in the 
short, medium or long term, which interactions between climate change, climate protection policy and 
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economic activity need to be taken into account, and which adaptation and transformation processes of 
economic development can be expected. Direct (or physical) risks of climate change can be further 
divided into "acute" risks (e.g. extreme weather events (EWE)) and "chronic" risks (e.g. rising sea levels), 
which build up gradually over long periods. Studies focusing on the consequences of the physical risks 
of climate change in the short term (1-3 years) and medium term (4-8 years) are mainly concerned with 
the consequences of EWE such as floods or storms. A general overview of the economic consequences 
of natural disasters is provided by Cavallo and Noy (2011). In addition to the immediate supply-side 
disruptions to production and corresponding economic losses as a result of such disasters, there are 
also possible demand shocks in the form of disrupted foreign trade, increased uncertainty or negative 
wealth effects (Batten et al, 2016). Output losses are also likely to occur in the medium term as a result 
of the loss of capital stock. Concerning the long term (more than 8 years including very long-term 
developments beyond 2045), the focus is on the consequences of temperature and precipitation changes; 
for example, reduced labour productivity (Kahn et al 2021, Acevedo et al 2020, Hübler et al 2008). 

To assess the consequences of climate change and adaptation policy as well as possible interactions, a 
variety of models are used in the literature. Generally, five types of models can be identified: i) 
"Integrated Assessment Models" (Nordhaus 1997, 2017a, Nordhaus and Sztorc 2013) play a central role 
in this literature, as they represent the economy and climate transparently in a unified model framework 
and enable scenario analyses. For instance, Hsiang et al (2017) use a micro-founded sectoral bottom-up 
approach with damage functions to identify the economic damages of climate change in the US. ii) 
Computable General Equilibrium (CGE) models are also used in the literature to incorporate a higher 
level of detail at the regional or sectoral level, which can be particularly relevant for transition risk 
modelling (McKibbin and Wilcoxen 1999, 2013, Chateau et al 2018, Jaumotte et al 2021). iii) 
Macroeconometric models, like CGE models, can be quite detailed in terms of economic sectors and 
regional coverages and are also used to evaluate alternative climate policies. A major difference is that 
macroeconometric models do not assume that consumers and producers behave optimally or that 
markets reach equilibrium in the short term. Instead, they rely on econometrically estimated 
parameters based on historical data and relations to simulate the dynamic behaviour of the economy  
(Nikas et al 2019, Lehr, Lutz 2020). iv) Furthermore, dynamic macroeconomic models extended by 
climate components can also be found in the literature. These include, for example, dynamic stochastic 
general equilibrium models (DSGE models, Heutel 2012, Hassler and Krusell 2018). These can be used, for 
example, to investigate how climate protection policy should optimally react to cyclical fluctuations. v) In 
addition to theoretically motivated and/or micro-founded models, methods from the field of time-series 
econometrics are also used, such as structural panel vector autoregression (Cicarelli and Marotta 2021). 

All the models mentioned have strengths and limitations, which have to be taken into account when 
assessing the consequences of climate change and development.2 In most of the existing models, the 
integration of climate risks into macroeconomic projection models has been insufficiently represented 
and, hence, the evaluation of specific adaptation policies is rather limited. International models mainly 
evaluate climate change mitigation and make use of the international GTAP database (Aguiar et al, 
2019).3 In contrast, there are only a few models at the country or even subnational level that have been 

                                                             
2  For a recent overview on strengths and limitations, Worldbank (2022). 
3  See e.g., United Nations Climate Change (2022) for a list of mainly global models, and Schwarze, R. et al. (2022). 
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used to quantify the economic impacts of climate change and adaptation measures (Steininger et al 
2016, Hsiang et al 2017, Lehr et al 2020, Vrontisi et al 2022). The CRED approach is considering espe-
cially the specific natural and political conditions in emerging economies. Adequate mapping of climate 
damages requires, among other things, that climate data and results from sectoral models are incorpo-
rated into macroeconomic models in order to depict the effects of climate change on various (socio-
)economic variables. Based on the data availability and existing modelling experience in a country, we 
apply different approaches for each country. 

3.2 Modelling approach 

The CRED approach goes beyond these approaches in several ways, especially taking into account the 
specific conditions and data shortcomings in emerging economies. It builds on multiple inputs covering 
climate modelling and cost-benefit (micro) analyses (CBA) of different sector-specific adaptation 
measures (see EU Commission 2021) (see Figure 1). 

As a baseline scenario, a business-as-usual scenario based on national long-term planning, is imple-
mented for each country, i.e. a path where no adaptation measures are applied and the hazards are kept 
constant over time. The following steps are chosen: First, the modelling of climate effects is used in a 
simplified manner. For this purpose, results of global, and in many cases regionalized, models are 
available in the literature and can be processed for use in the respective country with limited effort. 
Second, CRED makes use of historical, national and international data and expert advice. It builds on 
nationally available knowledge for the translation of damages and the effects of adaptation measures 
into monetary terms or enables national decision-makers and experts to transfer internationally 
available knowledge to their country contexts. National damage data of recent EWE can directly be used. 
Third, CRED brings together national climate change experts and decision-makers for socio-economic 
long-term planning, so that the effects of climate change and adaptation measures are best understood 
and long-term planning is improved in this knowledge. Macroeconomic models are the core of this 
process, as different national stakeholders can bring in their specific knowledge, and evaluate and 
discuss different adaptation options among each other along with the modelling results. 

The implementation of the CRED approach in the three countries has taken place under different condi-
tions. Table 1 shows a variety of differences, but also similarities in key characteristics in the countries. 

Figure 1 
Adaptation modelling typology 

Source: Own illustration based on EU Commission 2021, 6. 
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In general, we implemented two different types of models and both model types have proven to be use-
ful. In Georgia and Kazakhstan, we established macro-econometric (dynamic) economy-energy-emis-
sion (E3) models and in Vietnam a Dynamic General Equilibrium (DGE) model. 

The E3 models are implemented in Microsoft Excel using the model-building framework DIOM-X (Dy-
namic Input-Output Models in Excel; Großmann and Hohmann 2019). Behavioural parameters are esti-
mated econometrically based on time-series data. They are less price-sensitive in the feedback mecha-
nisms compared to equilibrium models. They are demand-side driven but also consider supply-side ef-
fects. Climate impacts and adaptation measures are implemented by adjusting appropriate model vari-
ables such as productivity, investments, or sector prices. 

Dynamic General Equilibrium models are a standard macroeconomic tool that uses representative op-
timizing agents to assess the impact of different policy measures, as they allow for a detailed breakdown 
of the economy. Accounting for different productivities across sectors allows us 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 and region-specific damage functions that affect labor and capital produc-
tivity. A central requirement for modelling the structural effects of climate change and adaptation 
measures is that in all models the economy is divided into different economic sectors such as agriculture 
and energy. Further, the models for Kazakhstan and Vietnam even allow for regionalization. 

For all countries, the baseline scenario builds on long-term planning regarding GDP development and 
assumes no new policies for the environmental issues addressed and thus provides a benchmark against 
which policy scenarios can be assessed. Climate change and adaptation scenarios were designed 
comprising information and data on the most relevant climate hazards, their sector-specific impacts as 
well as suitable adaptation options. We embed our analysis in the RCP (representative concentration 
pathways) and SSP (shared socioeconomic pathways) framework to simulate different climate change 
scenarios. 

The economy-wide effects of investments in different adaptation options are assessed. This allows us to 
compare a set of adaptation measures and thereby identify those measures (or a combination thereof) 
contributing the most to economic development. The selection of adaption measures is based on the 
national experts’ opinions and the availability of data.  Results from national sector models and analyses 
are used as inputs into macroeconomic models. Model results are complemented by other information 
available in the countries. Furthermore, for socio-economic development, the climate damages need to 
be translated into monetary terms. Monetary data on previous damage events in countries proved to be 
an important source in this regard. 

  



10 

Table 1 
Key features of the three country models 

Georgia Kazakhstan Vietnam 

Available data Macroeconomic and sectoral data 

Labour market data (employment, wages) 

(limited availability for) climate scenarios, damage data and CBA of adaptation options 

Energy balances Energy balances and prices 

Regionalization no 16 regions 6 economic regions 

Model type e3.ge model (economy-energy-emis-
sion) 

e3.kz model (economy-energy-emis-
sion) 

DGE-CRED model 

Modelling specifics Excel-based model framework (DIOM-X4) 

Macro-econometric (dynamic) Input-Output model 

Extended by environmental aspects such as energy balance, energy prices and 
emissions 

MATLAB-based model framework 

Simulation model with a mid to long-term perspective (until 2050) 

Quantified climate 
change impacts 

• Heat waves 
• Extreme precipitation / flood 
• Extreme winds 
• Sea-level rise 

• Heat waves 
• Extreme precipitation / flood 
• Extreme winds 
• Droughts

• Temperature increase 
• Forest fires 
• Storms 
• Sea-level rise 
• Landslide 

Evaluated adaptation 
measures 

agriculture sector 

• Investing in rehabilitating and ex-
panding irrigation systems 

• Investing in windbreaks 

tourism and infrastructure sector 

• Investing in (re-) construction of 
coastline protection 

• Investing in climate-resilient roads
and bridges 

agriculture sector 

• Investing in rehabilitating and ex-
panding irrigation systems 

• Investing in precision agriculture: 
the case of parallel driving 

energy sector 

• Expansion of underground power-
lines 

• Deployment of wind power and 
energy efficiency improvements in 
the housing sector 

infrastructure 

• (Re-)construction of storm-
proofed houses 

• “Green Belt” mass afforestation 
(Re-) construction of climate-re-
silient roads 

agriculture sector 

• endogenous adaptation to climate
change through disinvestment 
from highly vulnerable to less vul-
nerable sectors. 

• private action, which is implicitly 
modelled by optimising agents. 

housing 

• build houses with reinforced walls
and bricks 

• raise a house on stilts 

forestry 

• mixed plantation 

transport 

• roadbed elevation 
• poly mere asphalt 

Source: GIZ (2022a, b, forthcoming).  

4 DIOM-X: Dynamic Input-Output Modelling Framework in Excel. Großmann and Hohmann, 2022, 2019. 
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We provide simulations until 2050 and divide the economy into different sectors, which is a 
requirement for modelling the structural effects of climate change and adaptation measures. The climate 
change and adaptation policy options considered differ due to the natural spatial conditions of the 
countries, but also due to differences in population density and other socio-economic factors. The 
agricultural sector is important in all three countries, as agriculture is highly exposed to climate change 
and accounts for a large share of employment. Measures in transport, buildings and reforestation were 
considered in at least two countries. The selection is partly influenced by the measures for which data 
on costs and benefits have already been collected in the country. A detailed description of the 
approaches in the three countries can be found in the respective country reports (GIZ 2022 a, b, c). A 
comparison of the key features of the approaches is provided by a global report (GIZ 2022d) and 
summarized in Table 1. 

4 Results 
Comparing the macroeconomic impacts of adaptation options provides an opportunity to prioritize ad-
aptation options for the respective sector. Furthermore, modelling results reveal possible synergies or 
trade-offs with other political priorities such as carbon neutrality. In the following, we present the mac-
roeconomic impacts of selected adaptation measures for each country.5 Given the different types of 
models used for each country, this report presents rather a framework of possibilities of adaptation 
measures and their corresponding impacts than a comparison across countries. 

4.1 Georgia 

Several climate trends in Georgia have already changed during recent decades, e.g., the frequency and 
severity of extreme weather events (EWE). For instance, heat waves, droughts and precipitation with 
more severe landslides occur more frequently. The results of vulnerability modelling and the results of 
cost-benefit analyses provide the basis for scenario building. For example, CBA on windbreaks available 
from 2019 allows a precise breakdown of the necessary investments and the potential yields in agricul-
ture that can be achieved. In a second step, the inclusion of the results of the CBA for windbreaks in the 
macroeconomic model provides information on the indirect and induced effects of higher investments 
in windbreaks but also raises the question of financing and the possible negative macroeconomic effects 
if farmers cannot spend the money elsewhere or if state support is then lacking elsewhere. The example 
shows that it is not enough to quantify economically sensible adaptation measures, but that broader 
interrelationships and ultimately the sequence of different options should also be compared to best in-
form policy decisions about the effectiveness of different measures. 

  

                                                             
5  National specific modelling details are described in the national reports and the global report, respectively. 

Available at https://www.giz.de/en/worldwide/79266.html 

https://www.giz.de/en/worldwide/79266.html
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Figure 2 
Economy-wide effects of windbreak investments – differences compared to a scenario without adaptation 
in % 

 
Source: Own figure based on GIZ (2022a). 

Georgia’s agriculture sector is expected to be increasingly affected by EWE, such as heavy winds and 
resulting wind erosion, especially in dryland areas. In the baseline scenario, such an EWE is assumed 
occurring every five years. GDP will be about 0.3% lower in years with assumed EWEs and 0.1% lower 
in other years. To evaluate the usefulness of different adaptation options, Georgia’s macroeconomic 
model e3.ge was used to assess the potential effects of investments in windbreaks amongst other adap-
tation measures.  

Figure 2 shows how investments in windbreaks could affect Georgia’s GDP and employment level. Com-
pared to a scenario without adaptation, investments in windbreaks result in a yearly increase of up to 
1.4% of GDP and up to 0.7% higher employment rates creating to up to 12,000 additional jobs. Such 
investments have positive sectoral linkages leading to increased wage levels and higher consumption 
expenditure of up to 1.1% per year compared to a scenario where no adaptation action is taken. From a 
sectoral perspective, the agricultural sector experiences an increase in production due to increased 
yields as a result of the windbreaks, but also because the plants required for the windbreaks (seedlings) 
are grown domestically.  

4.2 Kazakhstan 

The e3.kz model applied for Kazakhstan shows the potential impacts of climate change and identifies 
which adaptation options have positive effects on the economy, employment, and emissions (win-win 
options). In the context of adapting to the increasing occurrence and severity of droughts due to climate 
change, Kazakhstan’s macroeconomic model e3.kz was applied to show the economy-wide effects of 
investments on the rehabilitation and expansion of irrigation systems in Kazakhstan. Figure 3 shows the 
impacts of such investments on GDP and employment. 
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Figure 3 
Economy-wide effects of irrigation investments – differences compared to a scenario without adaptation 
in % 

 
Source: Own figure based on GIZ (2022b). 

Compared to a scenario without adaptation, investments in the agricultural water infrastructure result 
in an annual increase of up to 1.2% in GDP and up to 0.8% higher employment corresponding to up to 
78,000 additional jobs. These investments increase agricultural output, also in years when droughts are 
not occurring. Other sectors along the value chain are indirectly positively affected, for instance, food 
production or the construction sector, which profits from the rehabilitation and expansion of water ca-
nals and reservoirs. A higher growth path leads to an annual rise of energy-related CO2 emissions of up 
to 0.4%. This identification of potential trade-offs with mitigation efforts is crucial to lay the foundation 
for additional mitigation actions. 

4.3 Vietnam 

Vietnam is projected to be one of the countries most severely affected by climate change and EWE, par-
ticularly vulnerable to rising sea levels. Furthermore, the foreseeable higher intensity of cyclones and 
typhoons will put increasing pressure on Vietnamese infrastructure and inhabitants. Therefore, shifting 
investment to more climate-resilient sectors and addressing the vulnerability of sectors particularly af-
fected by climate change is of utmost importance. To consider the impact of climate change, the model 
uses sector and region-specific damage functions that affect labour and capital productivity. Different 
Shared Socioeconomic Pathways (SSP), including IPCC’s SSP119, 245 and 585 (scenarios with low, me-
dium and high levels of mitigation challenges), provide a series of projections to examine how society, 
demographics, and economics might evolve over the next century on a global scale. 

Our results indicate that climate change will negatively impact Vietnam's GDP, which is consistent with 
previous findings in the literature. The model results imply that lower productivity due to climate 
change leads to more investment into capital stock and lower consumption levels. 
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Figure 4 
Economy-wide effects of an investment in dykes – differences compared to a scenario without adaptation 
in % 

Source: GIZ, forthcoming (own illustration). 

Among the evaluated adaptation measures the upgrading of the dyke system is the most important 
one. Figure 4 shows the impacts on consumption and GDP when dykes are being built as an adaptation 
measure under the SSP 585 scenario in comparison to no adaptation investments. Importantly, the 
adaptation measure has a positive impact on social welfare as illustrated by the consistently higher 
consumption in comparison to no adaptation. It should be noted that the construction of dykes is as-
sociated with lower GDP (and investments) and employment in the short, medium and long run, as 
the dykes prevent damages to the capital stock by e.g. floods, which in turn leads to fewer investments 
in reconstruction. This shows that looking beyond the pure effects on GDP is important for a compre-
hensive understanding of the economic impacts of climate change and relevant adaptation invest-
ments, i.e. positive impact on private consumption. 

5 Discussion 
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mated costs. 

The usage of different modelling approaches always raises the question of which approach is most 
appropriate. Models are based on different theories of macroeconomic interrelationships, which, 
depending on the country, the economic structure, the economic situation and the question at hand, 
are differently suited to depicting the economic effects of climate change and adaptation measures 
(Nikas, 2019). They also converge in part because all models have inherent weaknesses in what they 
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can given that they are a simplification of reality. Especially about climate change, many research 
questions are also still open.6 

The climate change impacts considered differ due to the natural spatial conditions of the countries, but 
also due to differences in population density and other socio-economic factors. For example, it must be 
taken into account that certain EWEs like heat waves or storms have different effects and thus compa-
rable climate impacts have different effects and cause different damages in different countries. 

Accordingly, the policy options evaluated partly differ from country to country, though the agricultural 
sector plays an important role in all three countries, being highly exposed to climate change. Adaptation 
measures in the countries differ depending on the focus of cultivation. Measures in transport, buildings 
and reforestation were considered in at least two countries. The selection is partly influenced by the 
availability of data on their costs and benefits in each country. 

6 Conclusions 
In the face of climate change, policy advice for climate-resilient economic development is becoming in-
creasingly important. The main challenges for policymakers in emerging and developing economies are 
the assessment of climate change impacts on economic growth and the identification as well as the 
implementation of policies to make countries more resilient to climate change. The CRED approach 
helped to quantify the socio-economic impacts of climate change and design specific adaptation 
measures as part of long-term strategies. The proposed framework supports understanding and miti-
gating the economic and social risks due to climate change. In all three countries, raising awareness of 
the need to adapt to climate change, information sharing and communication on current and projected 
climate risks, as well as capacity development on climate change adaptation and the impacts on eco-
nomic development have triggered and enabled climate resilient planning. Based on expert knowledge 
as a key input for our modelling tools, our results contribute to accomplishing national adaptation goals 
in national climate strategies, national adaptation plans and NDCs. However, the data availability and 
quality determine the quality of the results. To limit the trade-offs, mitigation and adaptation action 
should be considered in a holistic approach to combat climate change. Mitigation should be climate re-
silient, and adaptation should not lead to an increase in GHG emissions. Furthermore, adaptation 
measures that primarily support the domestic economy are even more beneficial. 

  

                                                             
6  See EU Commission (2021) and Rising (2022) for further information. 
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