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ABSTRACT

Climate change impacts are already noticeable today. Their future effects and costs is of
increasing intrest and a growing number of research papers hence investigate climate
change impacts and climate change adaptation. However, research focused mainly on the
US economy and or on the agricultural sector. Other papers concentrated on the losses in
GDP. Against this background, this paper examines the macro-economic costs of climate
change in Germany taking also social dimensions such as SDG indicators into account. We
used a model-based scenario-analysis that allowed us to identify the costs of climate
change on sectoral level and on level of different household types. The impact of three
intensities of climate change (low, medium, high) was assessed on GDP, on selected in-
dictors of the UN sustainable development goals (SDGs) as well as on inequality using
household income of different household types. The findings of this study indicate that the
economic costs of climate change measured by the changes in GDP have the potential to
be substantially high even under conservative assumptions. Strong effects on GDP are
triggered in particular by those climate effects that lead to significant price increases such
as yield losses in agriculture, damages to buildings and infrastructure and impariments in
international trade. The results also indicate that it is worthwhile to assess socioeconomic
effects beyond GDP: climate change would increase income inequality and deteriorate in
particular national SDG indicators 2 (Zero Hunger) and 10 (Reduced Inequalities). The
results illustrate the high need for action in climate mitigation and adaptation and highlight
the importance of taking into account not only macroeconomic effects but also social
dimensions.

Keywords: climate change, impact assessment, SDG, model-based scenario analysis,
macro-econometric input output model

1 INTRODUCTION

Evidence is growing that the intensity and frequency of extreme weather events have al-
ready increased and will continue to increase in the future as global warming proceeds,
which further increases the risk of climate change (IPCC 2021). With extreme events al-
ready occurring more frequently, there is growing interest in assessing economic costs of
climate change and the effects of climate change adaptation both globally and at various
administrative levels. This is reflected in a growing number of publications related to the
impacts of climate change and (to a much lesser extent) adaptation to climate change. One
branch of literature has an ex-post perspective focusing on statistical approaches using
historical weather data to measure and explain the impact of climate change (a review is
given by Kolstad and Moore 2020). Other papers focus on another facet of climate change:
the economic impacts of natural disasters (a review provides Botzen et al. 2020). Another
strand of papers uses economic models to show future effects of climate change on the
economy. One prominent example are the analysis of Nordhaus (1994; 2013, 2014; 2017;
2019) that apply Integrated Assessment models (IAMs) to quantify the future social and
economic costs of climate change. Other recent examples for model based assessment of
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climate change impacts are Dellink et al. (2017), Ngoma et al. (2021), and Vrontisi et al.
(2022).

However, compared to the research field of climate change mitigation, the number of pub-
lications is still low leaving room for further research. Additionally, much of the empirical
work focus on the United States and/or the agriculture sector, so that more research is
needed going beyond these settings for a better and more complete understanding of the
effects of climate change (Kolstad and Moore 2020).For Germany, which is one of the lead-
ing industrialized countries, there are, to our knowledge, only four studies from the last years
that examine the effects of climate change on the German economy: Kemfert (2007), Lehr
et al. (2016), Peter et al. (2021), and Philip et al. (2021). The focus of these analyses is on
the losses in GDP and in economic activities. In addition, there exist a few assessments of
climate risks and climate change costs at the European level which downscale the results
to country or regional level (Ciscar 2009; Joint Research Centre 2020; COACCH 2019,
2021). However, climate change not only affects the economy and economic growth but
also sustainable development. Fuso Nerini et al. (2019) show in a structured review pro-
cess, that climate change and SDGs are strongly interlinked and that the achievement of
especially SDG indicators representing material and physical well-being will be undermined
by climate change. The SDGs mostly affected by climate change are 1 No Poverty, 2 Zero
Hunger, 5 Gender Equality, 6 Clean Water, 8 Decent Work and Economic Growth, 13 Cli-
mate Action, 14 Life Below Water and 15 Life on Land (Fuso Nerini et al. 2019). Similar
results are found by IPCC (2018) who concluded based on a literature review of scientific
and grey literature, that climate change severely hinders achieving sustainability, reducing
inequality, and eradicating poverty. Assessing the costs of climate change should therefore
not solely focus on the losses in GDP but also on other parameters representing sustainable
development.

In this paper we analysed future costs of climate change not only from an economic but
also from a social and sustainable perspective taking Germany as example. We used the
macro-econometric input-output model INFORGE / PANTA RHEI (PANTA RHEI hereafter)
to calculate three different scenarios of climate change. The scenarios were compared to a
reference where climate change did not proceed. We assessed the impact of three intensi-
ties of climate change (low, medium, high) on GDP, on selected indictors of the UN sus-
tainable development goals (SDGs) as well as on inequality using household income of
different household types.

Our results show that losses in GDP due to climate change could be substantial. Addition-
ally, the findings reveal that climate change in Germany would increase income inequality
and lead to a deterioration of SDG 2 (Zero Hunger) and SDG 10 (Reduced Inequalities).
Adaptation measures to ease the impact of climate change should therefore not only ad-
dress the economic dimensions but also the social dimensions. The latter is challenging as
the negative effects on sustainability and inequality mainly arise due to internationally in-
duced price increases. The starting point for approaches to action therefore lies outside
national spheres.

The remainder is organised as follows: Section 2 (Method) describes the model, the imple-
mented scenarios, and the SDG indicators used in the analysis. Section 3 provides the
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results of the scenario analysis. Section 4 encompasses the discussion of the findings and
outlines some limitations. Section 5 concludes.

2 METHOD

In this study, costs of climate change were estimated using a scenario-analysis based on
the macro-econometric model PANTA RHEI. The model is designed for assessments of
economic, energy, climate and environmental policies up to the year 2050. It follows the
INFORUM philosophy (Almon 1991) of building bottom-up and fully integrated econometric
input-output models. Like the CGE models it belongs to the group of input-output-based
macroeconomic models, in which interactions, indirect effects and other interdependencies
are mapped at a high sectoral level of detail (Stover et al. 2022). Contrary to the very re-
strictive theoretical framework of CGEs, PANTA RHEI uses approaches from evolutionary
economics explaining developments from the past via estimating equations and parameters
and extrapolating them into the future (Lehr and Lutz 2020). As a result, prices in PANTA
RHEI are determined on the basis of market imperfections triggered by incomplete compe-
tition, partially rigid prices and market dependencies as well as limited information of the
economic agents through unit-cost-based mark-up pricing (Becker et al. 2022). No market
side is favored, in that the production quantity is determined by both the supply and the
demand side, i.e. companies set their prices based on their cost situation and the competing
import prices, triggering a reaction in demand, which in turn determines the production
guantity as a result of the level of the purchase decision. Technological change is repre-
sented in PANTA RHEI by the mode of production, labor productivity and capital intensity.
Current technological developments that do not yet have a sufficient temporal foundation
are integrated by setting assumptions. Figure 1 provides an overview of the model structure.
For a more detailed technical description, see Becker et al. (2022).

Figure 1: Overview of the design and structure of the model INFORGE / PANTA RHEI
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PANTA RHEI has been used for projections of labor demand, sectoral development and
the overall economic development (Zika et al. 2022; Monnig et al. 2021; Zika et al. 2021).
Additionally, the model has been applied in many ways for scenario analysis: to calculate
the macroeconomic effects of the Energiewende (Lutz et al. 2018), the socio-economic im-
pact of the NECP (Lutz et al. 2021b), rebound effects of energy taxes (Lutz et al. 2021a;
Ahmann et al. 2022), or the net employment effects of the transition to a green economy
(Ulrich et al. 2022). The model has also been used to calculate the macroeconomic effects
of climate change and adaptation to climate change (Lehr et al. 2016; Lehr et al. 2020).

For the scenario analysis at hand, we assumed three different intensities of climate change,
that is low, medium, and high, and compared them to the reference. In the reference we
assumed that climate change did not continue to proceed. Consequently, empirically ob-
servable changes in past behaviour due to climate change were still part of the projections.
For the climate change scenarios, we modelled climate change as continuous effects. This
means that extreme weather events were smoothed and continuously distributed over time,
because we did not have exact knowledge of time and place of occurring future extreme
weather events. With this approach we also wanted to prevent the impression of exact pre-
dictions. However, we assumed that the number and intensity of extreme weather events
will increase over time, so that climate change will not develop linearly but slightly exponen-
tially.

The biophysical impacts of climate change were translated into economic impacts at the
sectoral level using impact chains. Not all biophysical impacts and their corresponding eco-
nomic impacts could be considered. Rather, only those impacts could be mapped that could
be monetarised and represented in an economic model. Thus, impacts not considered were
for example loss of biodiversity, deterioration of quality of life, or loss of cultural assets. The
scenario results therefore represented only a lower limit. The selection of climate change
impacts used in the scenario was based on the national Climate Impact and Risk Assess-
ment study for Germany (UBA 2021). The selection criteria were urgency, relevance, de-
gree of certainty and the possibility of deriving economic values. The selected impacts were
monetarised and represented the direct climate change costs at the sectoral level. In the
macroeconomic model these direct costs triggered further indirect and induced effects,
which altogether represented the total macroeconomic effects. The entry points for the
translated economic impacts into the macroeconomic model were: changes in the produc-
tion cost structure, changes in productivity, changes in final demand, changes in invest-
ment, changes in public expenditure, and changes in (import) prices. Table 1 gives an over-
view of the selected climate impacts, their entry points in the model and references for the
direct impact values.t

1 An extensive description of the scenario methodology and assumptions are given in Flaute et al. 2022. Details
are also available upon request from the authors.
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Table 1: Considered climate impacts and their entry points to the macroeconomic model

Field /

PANTA RHEI

Climate impact

Entry points PANTA

Sources of the scenario

Sector

Agriculture

Forestry

Buildings
and infra-
structure

Trade

Transport

Health

Yield losses in agri-
culture

Timber yield in for-
estry

Damages to buildings
and infrastructure
due to heavy rain and
river flooding and
damages to or de-
struction of coastal
settlements and infra-
structure on the coast

Impairment of the
supply of raw materi-
als and intermediate
products (interna-
tional); selection
Impairment of goods
traffic via inland wa-
terways (low water)
Effects on the
healthcare system

Source: Own elaboration.

RHEI
Higher import prices for in-
termediate products for agri-
cultural sector, higher do-
mestic producer prices for
agricultural sector, higher
import prices for food prod-
ucts (food industry), higher
agricultural land leases and
prices
Higher import prices for for-
estry industry, higher do-
mestic producer prices for
forestry industry, higher im-
port prices for wood prod-
ucts, higher forestry land
leases and prices

Higher saving rate of private
households (less private
consumption), higher accru-
als in housing sector, more
insurance payments and
higher insurance costs,
more accruals in economic
activities (other than hous-
ing sector)

Higher import prices (indus-
try-specific)

Changes in the production
cost structure (sector-spe-
cific)

Changes in public expendi-
ture

assumptions
Schlenker and Roberts
(2009), Lesk et al. (2016),
Brasseur et al. (2017),
Mékinen et al. (2018), Ren et
al. (2018) Tigchelaar et al.
(2018), Wang et al. (2018),
Li et al. (2019), Beillouin et
al. (2020), Knittel et al.
(2020)

Augustynczik et al. (2017),
Brasseur et al. (2017), Tei et
al. (2017), Alegria et al.
(2020)

GDV and DWD (2019), Bu-
beck et al. (2020), Fritsch et
al. (2021), GDV (2021), Vof3
et al. (2021), GDV (2022),
Trenczek et al. (2022a),
Trenczek et al. (2022b)

Peter et al. (2019), Knittel et
al. (2020), Peter et al.
(2020), Wolf et al. (2021)

Hansel et al. (2020); Nilson
et al. (2020)

Karlsson and Ziebarth
(2018); Pfeifer et al. (2020)

PANTA RHEI allows us to compute indicators from the UN SDGs. The SDG indicator we
can compute from the model results are shown in Table 2. They cover aspects of SDG 1
(No Poverty), SDG 2 (Zero Hunger), SDG 3 (Good Health and Well-Being), SDG 7
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(Affordable and Clean Energy), SDG 8 (Decent Work and Economic Growth), SDG 9 (In-
dustry, Innovation and Infrastructure), and SDG 10 (Reduced Inequalities).

Table 2: Description of SDG - Indicators

SDG Description of Indicator

1 | No Poverty Change in poverty-oriented public social expenditure in percent
5 Zero Hunger Change in food prices compared to prices overall in percentage
points
3 Good Health and Well-Be- | Change in the proportion of the population with high expendi-
ing ture on health in percentage points
2a Affordable and Clean En- | Change in the share of renewable energies in total final energy
ergy consumption in percentage points
b Affordable and Clean En- | Change in energy intensity measured as primary energy to
ergy GDP in percent
8a Decent Work and Eco- Change in annual growth rate of real GDP per capita in percent-
nomic Growth age points
8b Decent Work and Eco- Change in annual growth rate of real GDP per person employed
nomic Growth in percentage points
g Industry, Innovation and Change in manufacturing value added to GDP and per capita in
Infrastructure percentage points
0 Reduced Inequalities Change in labour income as a share of GDP in percentage
points

Source: Own elaboration based on https://sdg-indikatoren.de/

3 RESULTS

The costs of climate change were represented as losses in GDP, in deterioration of SDG
goals, and in aggravation in inequality.

Figure 2 shows the cumulative changes in real GDP from 2022 to 2050 across the climate
impacts under consideration (see Table 1) for the years 2030, 2040 and 2050 for each of
the three different climate change scenarios. For the low climate change scenario, the cu-
mulative economic costs added up to 280 billion euros, for the medium climate change
scenario to 530 billion euros, and for the high climate change scenario to 910 billion euros.
The costs were not distributed evenly over the individual years but increased over time. For
the year 2050, this meant a loss in GDP of 0.6% to 1,8%. This is comparable with results
from Philip et al. (2021), who calculated cumulative GDP losses of 730 billion euros by
2070. In 2070, the negative effect on GDP amounts to around 70 billion euros or 1.2 per-
cent. The results are also in line with Kemfert (2007), who calculated climate costs for Ger-
many of almost 800 billion euros by 2050, which would correspond to annual growth losses
of 0.5 percentage points.

WWW.GWS-0S.COM 6


http://www.gws-os.com/

GWS DISCUSSION PAPER 2023/03

Figure 2: Changes in real GDP, cumulated for 2022 to 2050, in billion Euro
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Source: Own calculations based on PANTA RHEI

Climate impacts in the areas of buildings and infrastructure, international trade and agricul-
ture generated particularly high effects on GDP. This was mainly due to the national and
international price increases in these sectors, which led to further price reactions via indirect
and induced effects and thus developed a high overall impact. In field of agriculture, the
assumed price increases associated with global yield losses had clear negative impacts on
national economic development. The effects resulted primarily from the decline in exports
and private consumption expenditures. Increasing prices raised production costs in the sec-
tors that use agricultural products as intermediate goods and higher food prices and lower
employment reduced private consumption expenditures. The effects in the buildings and
infrastructure sector resulted from indirect consequences arising from the provisions of in-
surance companies, reserves in the housing sector, increased saving rates of private
households, and increasing reserves of companies for expected damage of climate change.
Additionally, the climate change-related impairments and restrictions in international trade
and the associated increases in world market prices have substantial negative effects on
the national economic development. The effects affect mainly exports and imports, so that
the effects within the GDP components are significantly higher. The results are in line with
Peter et al. (2021), who assessed the transnational impacts of global climate change for
Germany and report losses in GDP in the range of 0.01% to 0.35%. On the other hand,
there are climate impacts that did not lead to high macroeconomic costs at first sight, but to
high structural changes, which changed the importance of economic sectors and employ-
ment needs. This was the case, for example, with the impairment of inland waterway
transport due to low water. The affected companies reacted to the disrupted supply con-
nections and changed their supply structure. The more frequent and prolonged inland wa-
terway transport is disrupted, the more likely it is that the changed supply structures will
become established.
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Having a look at the GDP components in the macroeconomic assessment it can be seen
that domestic and foreign demand contribute to the negative effects on GDP, in particular.
Both household final consumption expenditure due to stockpiling and increased saving as
well as lower export activities have clearly negative deviations from the scenario without
climate change. The effect on imports associated with this decline in demand in turn has a
dampening effect on GDP and the decline in production causes negative effects on gross
fixed capital formation. There were also negative effects on employment investigated. In
2050 employment declined between 0.3% and 0.7% depending on the underlying climate
change scenario. In absolute terms this corresponds with a decline in employment of around
320,000 people. This is roughly comparable with the results from Philip et al. (2021), who
identified a decline in employment of 470,000 people in 2070.

The costs of climate change also affect the different dimensions of sustainability, so in ad-
dition to the analysis of GDP, the consideration of further indicators provide a more com-
prehensive picture. In particular, the analysis of sustainable development in the context of
climate change is of increasing interest (Fuso Nerini et al. 2019). We meet these require-
ments and try to make the costs of climate change visible also on the socially sustainable
level based on selected SDG indicators. Additionally, the effects on inequality will be exam-
ined in more detail. Figure 3 shows the deviation in the development of the respective SDG
indicators (see Table 2) under the three different climate change scenarios compared to the
baseline without additional climate change. The comparison is made between the year 2050
and 2021. The baseline specifies an index value of 100, i.e. values above 100 indicate an
improvement in the achievement of the SDGs, below that a deterioration.

Figure 3: Impact of climate change on the achievement of selected SDGs

W climate change scenario
—_— oW
0= 120 E _
A = medium
=)
100__
2 — high

A

8a 7b

7a

Source: Own calculations based on PANTA RHEI
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A considerable deterioration can be observed for goal 2 “Zero Hunger” and goal 10 “Re-
duced Inequalities”. In particular because of rising world market prices due to the loss of
agricultural yields, food prices rise more sharply than prices overall, leading to a deteriora-
tion in the indicator for SDG 2. SDG 10 is represented by the change in the share of labor
income in GDP in percentage points. This deterioration results, among other things, from
the decline in employment in all climate scenarios.

Table 3 shows the effects on inequality using household income of different household
types. In a first step the deviation from average income for three different household types
(employed, unemployed, and pensioners) was calculated. In a second step the change in
inequality was calculated measured by the percentage deviation from each climate change
scenario to the reference scenario.

Table 3: Deviation from average income for different household types in the reference sce-
nario (in %) in 2050 and the percentage deviation from average for the three climate
change scenarios

‘(self)employed unemployed pensioners

Deviation from average income in the 16% -57% -15%
reference scenario (in %)

Change in inequality (deviation from average) in %
Low 1.6% 0.2% 0.6%
Medium 2.6% 0.3% 0.8%

Climate
change
scenario

High 4.2% 0.3% 0.7%

Source: Own calculations based on PANTA RHEI

In 2050, in the reference scenario the disposable income of a (self-)employed household is
16% above average, while the disposable income of households in which the main income
earner is unemployed or retired is 57% and 15% below the average, respectively. Climate
change will further exacerbate this inequality by increasing the difference from the average
disposable income for all household types in each climate change scenario. Thus, working
households can further increase their positive distance from the average income, while un-
employed and retired households move further away from the average income. This is
driven by two effects. First, there is a change in the structure of households. Due to the
adverse effects of climate change on the economy there are less households in which the
main income earner is employed or retired, but more unemployed households and also
more self-employed households. Second, the differences in income change between the
self-employed and employed households. Due to the more advantageous sector composi-
tion in the climate change scenarios, the income of the self-employed is higher than in the
reference, while the compensation of employees is lower. Thus, income inequality in-
creases with accelerating climate change.

Fuso Nerini et al. (2019) find that climate change impacts intensify the already existing
challenges of sustainable development across the broad range of dimensions addressed
by the SDGs. The underlying references for SDG 2 specifically address global impacts on
food security and malnutrition. Due to their greater impact, effects on low-income countries
are predominantly considered there. For the national targets of high-income countries, it is
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also recommended to draw on indicators on food security in developing countries as well
as on the sustainability of German agriculture and globally sustainable consumption (Hol-
zapfel and Bruntrup 2017). However, Raj et al. (2022) show that food insecurity is also
decreasing with climate change in the US and involves poorer households. The underlying
references for SDG 10 are also predominantly related to climate justice or climate change
impacts on less developed countries (Fuso Nerini et al. 2019), which makes comparison
with our results difficult.

4 DISCUSSION

Our results show that the economic costs of climate change may well be very high. At the
same time, the results only represent a lower bound as several climate impacts cannot (yet)
be sufficiently quantified. The fact that only monetizable impacts of climate change can be
taken into account in the model means that costs arising from a loss of biodiversity or quality
of life, for example, are neglected. It is therefore very likely that the actual costs will be even
higher. Furthermore, the scenario analysis is based on several kinds of uncertainties. First,
there are uncertainties regarding the development of climate change and the intensity and
frequency of extreme weather events. Second, it remains uncertain where and when cli-
mate change-induced extreme weather events occur. However, the specific occurrence is
decisive for the extent of the damages. While heat-related events tend to occur over lager
areas, heavy precipitation events are usually highly localized.

Third, depending on the climate impact, there are more or less pronounced uncertainties
regarding the concrete impacts of climate change on systems and groups, as well as re-
garding the interactions between climate impacts and the respective responses to them.
Fourth, the development of the economy is uncertain, but structural changes in the econ-
omy can significantly affect the magnitude of the results. Fifth, uncertainties regarding the
quantification of climate impacts remain. Even if there are qualitative descriptions of climate
impact chains and interrelations, the quantification in economic terms is associated with
assumptions.

Regarding the social dimensions of climate change impacts, the assessment beyond GDP
reveals relevant aspects. However, these are initial estimates that should be interpreted
with a degree of caution. The analysis carried out here only considered climate impacts and
SDG indicators that could be implemented in the model. The findings should therefore be
seen as initial assessment and not as a fully comprehensive evaluation. While the indicators
for SDG 2 and SDG 10 show a clear deterioration, the other indicators hardly change. Es-
pecially for SDG 1 (No Poverty) and SDG 3 (Good Health and Well-Being) it seems ques-
tionable that climate change will have no or almost no effects. SDG 1 is represented by the
change in poverty-oriented public social expenditure in percent. There is a slight increase
in government expenditures in comparison of each climate scenario to the baseline sce-
nario, which means a slight deterioration of the indicator, but compared to the increase of
food prices it is much lower. This indicates that households may have to bear the increased
costs of living themselves. Thus, there could be an increase in poverty, which cannot be
adequately reflected by the indicator used in the model. SDG 3 is represented by the
change in the proportion of the population with high expenditure on health in percentage
points. That climate change seems to have almost no impact on good health and wellbeing
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has two reasons: first the climate impact considered and its implementation in the scenario
and second the SDG indicator used for representing SDG 3. The considered climate impact
includes the increase in heat-related hospital admissions. It is assumed that this leads to
an increase in health-oriented government expenditures. There are various other climate
change-related impacts on the health system, such as the spread of previously non-preva-
lent pathogens, that could not yet be included in the analysis but might affect the proportion
of the population with high expenditure on health. Additionally, expenditures of private
households for health encompasses mainly private insurance payments. Expenditure on
statutory health insurance is not included in the consumption expenditure but is deducted
from gross income. The higher government payments for heat-related hospital stays are
hence not adequately reflected in the indicator.

Finally, the model PANTA RHEI, which is applied in this analysis, is a national model that
is well suited for the analysis of national costs of climate change, for instance due to its high
level of sectoral detail. However, due to the national focus of the model, global effects via
trade and global value chains might not be sufficiently considered. Rather, the effects of
climate change on international trade and global labor productivity were included in the
model using assumptions regarding import prices. More precisely, the global effects of cli-
mate change were represented by sector-specific changes in import prices and affected the
production cost structure of industries. For a more in-depth analysis, it would be appropriate
here to extend the modeling approach by combining the national model with a global trade
model.

5 CONCLUSION

The results show the magnitude of economic costs of climate change and effects beyond
GDP under different climate change developments. Depending on the underlying climate
change scenario (low, medium and high), the expected costs of climate change sum up to
280, 530 and 910 billion euros for the period from 2022 to 2050, measured in terms of
cumulative changes in real GDP. While there are climate impacts such as yield losses in
agriculture, damages to buildings and infrastructure and impairment in international trade
that lead to high economic costs, there are also other climate impacts such as impairment
of goods via inland waterways lead to structural changes in production and the labor market.
These values each represent a lower limit, because non-monetarily assessable impacts
could not have been assessed by the model-based scenario analysis.

Because climate change not only affects the economy and economic growth but also sus-
tainable development, further indicators have been analyzed. Nine SDG-indicators as well
as income inequality were used to reflect further socioeconomic dimensions of climate
change impacts. Two of the SDGs (SDG 2 — Zero Hunger and SDG 10 — Reduced Inequal-
ities) were strongly negatively affected. Also, the additional inequality assessment using
household income of different household types shows an increase in income inequality.
Thus, also from the perspective of social sustainability, the costs of climate change should
be assessed critically even in high income countries.

Especially in recent times, it has become clear that crises should not be viewed singularly,
as they might overlap and thus possibly amplify each other. This analysis has shown that
significant prices changes can result from climate change “alone”. Supply chain disruptions
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during the Covid-19 pandemic or war-induced reductions of crops supplies from Ukraine
already triggered significant price increases and structural changes in the recent past alt-
hough some of these have been compensated by government programs and subsidies. In
the following, it would be necessary to investigate more precisely to what extent crises are
amplified and to what extent resilience can also be built up against multiple crises.

With regard to the need for further research, the question of the robustness of the scenario
assumptions arises. For some climate change impacts small changes in the assumptions
cause quite high changes in effects. In this study, the data of the different climate change
impacts were generated model-exogenously based on literature studies. In the future, a
linkage with, for example, agricultural models could be aimed at. Furthermore, future re-
search is also needed on the integrated assessment of climate development and socio-
economic development. For this purpose, different socioeconomic scenarios based on the
Shared Socioeconomic Pathways (SSPs) could also be quantified for the national level and
combined with the climate scenarios in the scenario analysis. In addition, socio-economic
as well as climatic tipping points could be included in the analysis.

However, even if there is still a need for further improvement in the modeling of climate
change impacts and especially in the modeling of climate change adaptation, the results
already available show the urgent need for action.
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