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Abstract

In this paper we show that both climate models and economic models studying

the e�ects of climate change are characterized by high uncertainty. Hence, far reach-

ing policy implications such as the net zero goal lack a de�nite scienti�c foundation.

Neverthelss, it cannot be excluded that the continued global warming will go along

with high damages in the future. Therefore, decreasing greenhouse gas emissions

could be justi�ed due to the precautionary motif. However, there are strong sig-

nals from non-European economic regions that they de�nitely put a higher weight

on economic growth rather than on greenhouse gas mitigation. Since reductions

in the European Union cause tremendous costs without in�uencing the climate on

earth, the net zero goal of the New Green Deal of the European Union is to be seen

sceptical.
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1 Introduction

The satellite based measurements of the temperature of the lower troposphere indicate

that the rise of the average temperature on earth has been between 0.15 and 0.22 ◦C

per decade since 1979 when the satellite based measurements started.1 One reason for

that development is very likely the accumulation of greenhouse gases (GHGs) in the

atmosphere, like carbon dioxide (CO2), nitrous oxide (N2O) and methane (CH4), just

to mention the most important ones. For example, the concentration of CO2 rose from

about 336 ppm in 1979 to 420 ppm in 2024.2

It is well known that a rising GHG concentration in the atmosphere increases the

back radiation giving rise to a higher average surface temperature of the earth. The

quantitative e�ect of a rising GHG concentration can be determined with the help of

climate models. The simplest model is a zero dimensional one with the earth as a point in

space and where the climate system is modelled in terms of its energy balance (see Greiner

and Semmler, 2008, p. 60-62). More complex models take into account the interactions

between the atmosphere, the land surface and the oceans among others. But, already

the zero dimensional model makes it clear that the numerical values of the parameters

in the equations play a vital role as regards the sensitivity of the climate with respect

to the GHG concentration. The numerical values of some parameters are known, such

as the Stefan-Boltzmann constant for example, while others are uncertain or even non-

observable (cf. Mauritsen et al. 2012) which represents one source of uncertainty. Climate

change may also go along with economic damages, in particular if it causes more extreme

weather events. Hence, it is not only the natural environment that will be a�ected, but,

the economic system could be impacted, too. Therefore, it could be rational to reduce

GHG emissions although this causes non-negligible costs to society.

At the 21st United Nations Climate Change Conference in 2015 196 parties adopted

the so-called Paris Agreement that pursues the goal of limiting the temperature increase

to at most 2 ◦C (cf. United Nations, 2015). To achieve that aim the parties have agreed

to reduce net emissions of GHGs to zero in the second half of this century, i.e. to reach a

1See https://www.nsstc.uah.edu/climate/2024/March/GTR_202403MAR_v1.pdf (accessed 20.04.2024)
and https://images.remss.com/msu/msu_time_series.html (accessed 20.04.2024).

2See https://gml.noaa.gov/ccgg/ (accessed 20.04.2024), ppm denotes parts per million, i.e. 10−6.
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balance between emissions by sources and removals by sinks (net zero). Although legally

binding there are no sanctions in case countries fail to reach the net zero position (see

United Nations, 2015, Art. 15). This objective should always be considered ahead of

the current level of knowledge regarding the climate. In order to comply with the Paris

Agreement, the European Union (EU) passed the New Green Deal in which it states that

the net zero goal is to be achieved by 2050 in the EU.3

The climate system of the earth is an extremely complex system and has by far not

yet been completely understood. Consequently, models representing the climate system

of the earth are necessarily subject to uncertainties. The same holds for economic models

that intend to study the economic e�ects of climate change. In this paper paper we want

to highlight those uncertainties and its implications for policy. In particular, we argue

that far reaching policies that go along with huge costs need a sound scienti�c basis which

is not the case when the underlying models are highly uncertain.

The rest of the paper is organized as follows. Section 2 gives a brief survey of how

climate models are set up and points out the sources of uncertainties underlying those

models. Section 3 illustrates the uncertainty that characterizes economic models analyzing

the impacts of global warming, and section 4 shows the implications for policy resulting

from those uncertainties. Section 5, �nally, concludes the paper.

2 Uncertainty of climate models

Climate models are large computer programmes that simulate the climate of the earth.

Global climate models (GCM) are divided into modules that model the atmosphere,

the ocean, the land surface, the sea ice and glaciers. The modules are described by

mathematical equations that represent the oceanic circulation and the heat transport

within modules and the exchange with other modules. To solve these equations GCMs

partition the earth into a three dimensional grid system, where each cell of the grids

consists of a certain horizontal and vertical length. The equations, then, are solved for

each cell of the grid for a certain time period (see e.g. Curry, 2017, p. 1 and Meinshausen

et al., 2011, for a detailed depiction of a GCM including the mathematical equations).

3See https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en
(accessed 20.04.2024).
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GCMs are partly based on well-established physical laws and partly on heuristic meth-

ods that approximate the unknown process (see for example Hourdin et al., 2017). These

processes are represented using parameterisations. These parameterisations are tuned to

improve the match of the GCM to historical observations. When a model con�guration is

�xed, tuning consists of choosing the parameters of the model in a way such that a certain

measure of the deviation of the model output from selected observations is minimized.

But, proceeding like that helps to mask structural errors or de�ciencies of the climate

models and climate modellers are well aware of that problem (see Mauritsen et al., 2012,

p. 14 and Hourdin et al., 2017, p. 591).

One of the few well-established facts in the climate science is that a rise in the green-

house gas concentration in the atmosphere of the earth increases radiative forcing, leading

to higher temperatures with the relation described by an approximately linear relation-

ship. However, the radiative forcing of the main GHGs, carbon dioxide (CO2), methane

(CH4), nitrous oxide (N2O), is a strictly concave function of the GHG concentration. For

example, for CO2 it is given by the natural logarithm of that GHG relative to the pre-

industrial level and all other GHGs can be converted into CO2 equivalents, see Greiner

and Semmler (2008, p. 61), and for more details the natural science literature cited there.

In 2016, Etminan et al. (2016) demonstrated that for very high values of the GHGs, the

relation changes. But, the basic form remains the same, i.e. for CO2 it is given by the

natural logarithm and for N2O and CH4 by the square root. This implies that the temper-

ature does not rise linearly with a rising GHG concentration as erroneously stated by SRU

(2019, p. 36), but, the increase is smaller the higher the GHG concentration is. However,

even if there is very strong evidence that the accumulation of GHGs raises the average

surface temperature on the earth (see e.g. Arias et al., 2021), it must be stated that the

climate system is an extremely complex system such that there is strong uncertainty as

regards its sensitivity with respect to higher GHGs.

There are two fundamental sources of uncertainty regarding climate change. First, nat-

ural phenomena may be poorly understood so that their modelling may be di�cult. An

example is provided by cloud formation that is di�cult to reproduce. Thus, Stevens and

Bony (2013, p. 1054) state: "There is now ample evidence that an inadequate representa-

tion of clouds and moist convection, or more generally the coupling between atmospheric

water and circulation, is the main limitation in current representations of the climate sys-

3



tem.". Recent studies support that view because the feedback e�ects of clouds that exert

a strong e�ect on the climate have not yet been completely understood and give rise to

strong uncertainties in climate models (see for example Mülmenstedt et al., 2021, Furtado

et al., 2023, Goren et al., 2023, Hill et al., 2023). Vogel et al. (2022) refute an important

argument for a high sensitivity of the climate to variations in GHGs. They detect that

the feedback e�ect of a larger GHG concentration is much smaller than assumed in those

climate models that predict a high temperature rise. The reason for that result lies in

the fact that real-world observations suggest that a weak trade cumulus feedback, i.e.

cloud feedback, is more plausible than a strong one. Another source of model uncertainty

is given by the unpredictability of volcano eruptions and by the complexity of processes

linking the eruption to the climate response (cf. Chim et al, 2023, and Zanchettin, 2023).

Further, some authors argue that GHGs receives too high a weight in climate models,

while natural factors receive too little attention, see e.g. Gervais (2016), Ollila (2017),

Lightfoot and Mamer (2017), Stefani (2021), Kim et al. (2022), Omrani et al. (2022),

Connolly et al. (2023). Smirnov and Zhilyaev (2021) state that the greenhouse e�ect

of CO2 is heavily overestimated in climate models since those models do not take into

account the thermodynamics of the atmosphere and radiation �eld. Thus, they ignore

the Kirchho� law (Kirchho�, 1860) pointing out that radiators are absorbers at the same

time.

The second source of uncertainty is of methodological nature. Lewis (2023) reanalysed

the in�uential contribution by Sherwood et al. (2020) cited in the Intergovernmental Panel

on Climate Change (IPCC) 6th assessment report that reports a likely range (34-66%)

of 2.5-4.0 ◦C with respect to the equilibrium climate sensitivity (ECS)4 (see Chen et

al., 2021, p. 183, table 1.2). In Sherwood et al. (2020) the likely range (34-66%) of the

ECS amounts to 2.6-3.9 ◦C, the very likely range (10-90%) is 2.3-4.7 ◦C and the median

of the temperature increase is reported as 3.1 ◦C. Those results were obtained with a

Bayesian statistical method where the prior distribution was subjectively selected by the

investigator. Lewis (2023) resorted to an objective Bayesian method with computed,

mathematical priors and obtained a median of 2.16 ◦C and a 17�83% range of 1.75�2.7 ◦C

and a 5�95% range of 1.55�3.2 ◦C. This demonstrates that an objective Bayesian method

4Roughly speaking the ECS gives the increase of the average surface temperature due to higher GHGs
in equilibrium.
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yields a lower ECS and the con�dence intervals are clearly smaller.5 Uncertainties in

GCMs also arise from model parameters and from initial conditions6 (see Curry, 2017).

As mentioned above tuning is used in order to �nd parameter values that are not known.

However, performing continuously ad hoc adjustments of parameters may mask structural

de�ciencies in GCMs as already pointed out.

The climate system of the earth is a highly complex system and as with all complex

systems there exist so-called "unkown unknowns" and "unknown knowns". With "unkown

unknowns" one denotes e�ects that exist, but, that are not yet known so that their

repercussions on the climate system can of course not be determined. An example for

that is the degradation of methane that is set free by melting permafrost soils. That

methane released is reduced almost to zero in the long-run by plant cover and microbial

communities so that its e�ect on the climate is smaller than previously thought (cf.

Keuschnig et al., 2022). With "unknown knowns" one refers to phenomena that are

known, but, the e�ects of which have not yet been completely determined. Two examples

are provided by the Gulf Stream that is assumed to be a�ected by a climate change,

possibly up to a complete collapse (see Fox-Kemper et al., 2021, S. 1320-21), and by

volcanos the activities of which are di�cult to represent in climate model projections.

These considerations show that climate models are subject to uncertainty. That result

is underlined by some problems associated with GCMs. Irving et al. (2021) demonstrate

that models of the Coupled Model Intercomparison Project Phase 5 (CMIP5), resorted

to by the IPCC for its 5th assessment report published in 2013/2014, do neither con-

serve mass nor energy. This implies that they violate the �rst law of thermodynamics,

a fundametal principle in physics. As regards CMIP6 models these have improved in

some respect, e.g. as to the net top-of-the-atmosphere (TOA) radiation, but are worse

for time-integrated ocean freshwater and atmospheric moisture �uxes or little changed

regarding ocean heat content, ocean mass, and time-integrated ocean heat �ux, while

closure of the ocean mass and energy budgets after drift removal has improved. Frank

(2019) detects that CMIP5 models produce a systematic calibration error in simulated

tropospheric thermal energy �ux. Similar to that Olonscheck and Rugenstein (2024) show

5Further, there is a coding error in Sherwood et al. (2020) that, however, does not a�ect their main
results (cf. Lewis, 2023, p. 3162).

6See Deser et al. (2020, p. 281) how initialization is performed in climate models.

5



that climate models underestimate the observed global TOA radiation trend for the pe-

riod 2001-2022. Models that represent the TOA radiation better are characetrized by a

relatively low ECS.

To evaluate the performance of GCMs the model output can be compared to data

obtained from the measuremnet of real world observations. An important role plays the

ECS and the transient climate sensitivity (TCS). For example, Lewis and Curry (2018)

demonstrate that both the ECS and the TCS of the majority of CMIP5 models do not

match the observed warming during the historical period. McKitrick and Christy (2018)

compare the model projections of CMIP5 models with the actual temperature of the

troposphere in the tropics and reach a similar conclusion. They demonstrate that most

of the models are characterized by a signi�cant and large warm bias in that layer. That

problem still holds for most of the CMIP6 models. Voosen (2022) cites a U.N. report

stating that many climate models predict temperature increases that are not compatible

with actual temperature measurements. Therefore, the results of studies that predict

drastic e�ects and that resort to some of the next-generation climate models that forecast

a fast rise of the surface temperature should be considered with care. He proposes to

switch from a "model democracy" to a "model meritocracy" when projections regarding

climate change are made.

Another paper has been presented by Scafetta (2023) who analyses 38 models from the

CMIP6 and divides them in 3 subgroups, a subgroup forecasting a low ECS, a subgroup

with a medium ECS and one consisting of models predicting a high ECS. He detects

that only the models of the low subgroup can replicate the surface-based temperature

increase between 1980-1991 and 2011-2021, while none of the models is compatible with

the satellite-based temperature record of the Earth System Science Center at the Univer-

sity of Alabama in Huntsville (UAH). McKitrick and Christy (2020) �nd that the bias

in CMIP6 models does not only occur for the troposphere in the tropics, as with CMIP5

models, but that it is observable globally as well in CMIP6 models and not only in the

tropics. Regarding precipitation, Vrac et al. (2023) examine whether CMIP6 models are

able to correctly simulate changes in the temperature-precipitation correlations as a re-

sult of global warming and �nd that those models fail for the period 1980-2019 and are

biased. They suggest that the models should not only be improved as regards their ability

to forecast univariate variables, such as the temperature, but with respect to multivariate

6



biases, too.

McCarthy and Caesar (2023) analyse whether the ensemble of CMIP5 and CMIP6

models can replicate the Atlantic Meridional Overturning Circulation7 (AMOC) that is

a crucial element of the climate system of the earth. They demonstrate that both the

magnitude of the trend in the AMOC over di�erent time periods and often even the sign

of the trend di�er between observations and climate model ensemble mean. The authors,

then, ask whether one can trust AMOC projections of models that cannot replicate the

past. In addition to that, one could wonder how reliable model projections of the entire

climate system of the earth are if those models are not capable of replicating the evolution

of an important subsystem of the climate.

Those considerations show that climate models are subject to quite a large degree of

uncertainty. Therefore, the statement that there exists a certain concentration of GHGs

that must not be exceeded to limit global warming to 2 ◦C should be considered with

caution or even with scepticism from a scienti�c point of view.8 Probalistic statements

such as a doubling of GHGs leads to a certain temperature rise with a speci�c probability

does not improve the situation either since those statements are based on the validity of

the underlying model that by itself is subject to uncertainty.9 Climate models suggest a

degree of knowledge and precision they cannot deliver due to the uncertainty inherent in

GCMs.

3 The economics of climate change

The last section has shown that the are many sources of uncertainty in GCMs. Neverthe-

less, the measured increase in the average temperature of the lower troposphere since 1979

is real and global warming may go along with reduced economic growth due to damages

as a result of more extreme weather events. That holds although it must be stated that

the empirical evidence for more extreme weather is small or even non-existent, except for

heatwaves (see Ranasinghe et al., 2021, p. 1856, table 12.12, column 3, Alimonti and Mar-

iani, 2023, Zhang et al., 2023, and similar Lomborg, 2020). The adaptation to a changed

7The Gulf Stream is a part of the AMOC.
8That goal has no scienti�c basis and was set more or less arbitrarily, see Jaeger und Jaeger (2011).
9See Meinshausen et al. (2009) for a clear representation of how such a probability distribution is derived.
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climate may require resources that cannot be used for investment and, consequently, can

a�ect economic growth.

There exist quite a many empirical contributions analyzing the impact of climate on

economic activity and output. A survey of approaches can be found in Kolstad and

Moore (2020), for example. But, as with climate models economic models may be subject

to uncertainty that is still larger than for the climate models which is re�ected by the

wide range for the estimates of climate related damages. For example, Newell et al. (2021)

resort to cross validation to evaluate 800 model speci�cations where they use GDP growth

and, alternatively, the level of GDP as the dependent variable that is explained by the

temperature, by the change of temperature, by precipitation and by time �xed e�ects

and by country-speci�c time trends. They detect that the models go along with large

uncertainties which is re�ected by the fact that the 95% con�dence interval for GDP

impacts in 2100 ranges from losses of 84% to gains of 359%. GDP level models imply

less uncertainty and have a smaller 95% con�dence interval between -8.5% and +1.8%,

centered around losses between 1-3%.

Large uncertainties, however, raise the question of how reliable and valid the model

results are. As regards that problem Leamer (1985, p. 308) states that "We must insist

that all empirical studies o�er convincing evidence of inferential sturdiness. We need

to be shown that minor changes in the list of variables do not alter fundamentally the

conclusions, nor does a slight reweighting of observations, nor correction for dependence

among observations, etcetera, etcetera.". In particular, when the model results form the

basis for policy recommendations that go along with tremendous costs, this is of utmost

importance in order to avoid huge welfare losses.

Barker (2022, 2023, 2023a) describes three examples where he points out that method-

olgical �aws in the studies he reanalyses give rise to wrong conclusions. The frequently

cited paper by Dell et al. (2012) e.g. regresses growth on temperatures and �nds a causal

relationship between them in which higher temperatures reduce economic growth. Barker

(2023a) argues that the latter paper uses an unacceptable method of classifying countries

by income and using a di�erent and more plausible method makes their results disappear.

Further, their results are in�uenced by a small number of observations with unusual char-

acteristics and by arbitrary methodological choices. When alternative data are used, the

result that a higher temperature reduces economic growth cannot be con�rmed. Thus,
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the paper by Dell et al. (2012) is misleading and cannot serve as an argument for negative

growth e�ects resulting from global warming.

Besides methodological problems in empirical studies relating economic growth to cli-

mate change the problem of missing variables arises. Often such studies resort to climatic

variables as regressors only, such as temperature, change of temperature, precipitation,

and neglect economic variables at all that have turned out to be important in explain-

ing economic growth. Even if that problem can be overcome technically in �xed e�ects

panel regression models by introducing dummies, as noted in Kotz et al. (2021, p. 326)

for example, the question regarding the theoretical foundation of those models remains

open. The philosopher Kant stated that theory without empirics is empty and empirics

without theory is blind, "Gedanken ohne Inhalt sind leer, Anschauungen ohne Begri�e

sind blind." (Kant, 1787, p. 91).

In addition, neglecting economic variables as regressors in the equation to be estimated

ignores all the knowledge that has been gained since econometric methods have been

resorted to in research on economic growth. That line of research started in the 1950's

with a seminal paper written by Solow (1957) who implicitly builds on Tinbergen (1942)

who was the �rst to integrate a time index in the aggregate production function. In

particular, in the 1990's many e�orts have been made to identify robust variabels in

explaining economic growth (see e.g. Levine and Renelt, 1992, and Sala-i-Martin, 1997).

More recently, Bruns and Ioannidis (2020) analyse whether the forces of economic growth

change over time or whether they remain unchanged independent of which time period is

considered. Greiner et al. (2023) apply panel estimation techniques and �nd that climatic

variables are not robust in explaining economic growth in European economies from 2002-

2019, whereas institutional and macroeconomic control variables, such as the rule of law,

the �scal variable and the output gap, are statistically signi�cant and the relation is

robust. Those authors apply panel �xed e�ects and GMM estimations and estimate 42

speci�cations with di�erent control variables with one, three and �ve year growth rates

of GDP as the dependent variable.

Our considerations up to now have demonstrated that both climate models and eco-

nomic models analyzing the growth e�ect of climate change are characterized by possibly

large uncertainties. In the next section we deal with policy implications of that outcome.
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4 Policy implications

As concerns the axiomatic foundation of economic policy we assume a utilitarian perspec-

tive as pioneered by Bentham (1789). Hence, the goal of the government should be to

maximize welfare in the society with welfare being a function of utility of individuals. As

this is a rather abstract goal, it needs to be operationalized in order to be applied to real

economies. In Germany, for example, this is done in � 1 of the Act to Promote the Stabil-

ity and Growth of the Economy (Gesetz zur Förderung der Stabilität und des Wachstums

der Wirtschaft)10, where economic and �scal policies should lead to a stable price level,

to a high level of employment and to an external balance with steady and appropriate

economic growth. When it comes to evaluate speci�c projects at the disaggregate level,

a policy measure is bene�cial if the Kaldor-Hicks criterion is ful�lled, i.e. if its bene�ts

exceed its costs.

In the last sections we have seen that climate models are subject to high uncertainty.

The same holds for economic models dealing with global warming. In particular, there

is no robust evidence that climate change has reduced economic growth in European

economies. Therefore, it is hard to justify costly policy measures aiming to decrease

GHG emissions in the EU from a scienti�c point of view. The reason for this outcome

is that those policies cause tremendous costs, implying a loss of welfare according to the

Kaldor-Hicks criterion which is supported by Tol (2023), for example, who points out that

the costs of meeting the targets set out in the Paris Agreement exceed the bene�ts unless

the risk aversion is large and the discount rate is small. As regards the EU, Tol (2021)

states that the total costs of reducing GHG emissions exceed their bene�ts by a factor of

ten.

Nevertheless, it cannot be excluded that damages of global warming increase and

catastrophic events cannot be excluded either when the greenhouse gas concentration in

the atmosphere continues to rise, even if the empirical evidence for that up to now is small

as pointed out in the last section. Therefore, from a precautionary point of view it may

be rational to reduce GHG emissions to zero by the mid to end of the century. However,

such a policy will a�ect the climate on earth only if the world cooperates and all large

countries aim for that goal. But, there are serious signals that this does not hold and,

10See https://www.gesetze-im-internet.de/stabg/BJNR005820967.html (accessed 20.04.2024).
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in particular, developing and emerging countries put more emphasis on economic growth

than on environmental concerns.

The African Energy Chamber (AEC) declared that African producers of oil and gas

are strictly against a phase-out of fossil fules and they would agree to a phase-down only

if their economic development allows to do so (cf. AEC, 2023). The reason for that is

that oil and gas play an instrumental role in the development of African economies. The

Indian government declared that it intends to raise the use of coal for energy production

from currently 0,821 billions of tons per year to 1,404 billions by 2025 and to 1,577 billions

by 2030 (see TOI, 2023). China made clear that China alone determines how fast the

country tackles the challenge of global warming and its policy will not be in�uenced by

other countries (cf. Shepherd et al., 2023). The G20 countries declared that they intend

to support the production of carbon-free energies, but, they could not reach an agreement

regarding the phase-out of fossil fuels (see Arasu, 2023). Finally, Russia announced that

it opposes any plans to stop the use of fossil fuels in principle (cf. Mooney und Williams,

2023). Therefore, it is to be expected that the GHG concentration will continue to rise,

independent of any measures taken by EU countries, since EU GHG emissions make only

about 8% of world wide emissions (see Pritzl and Söllner, 2021).

Consequently, it is very doubtful whether the policy measures aiming to reduce GHG

emissions in Europe, the costs of which amount to trillions of euros, yield welfare gains.

This holds because the resources spent, although formally investments, do not necessarily

raise the productive capital stock and, consequently, not future production possibilities.

Therefore, not only the current generation is worse o� but future generations, too, since

they cannot pro�t from higher production possibilities, on the one hand, and the climate

on earth will not be a�ected, on the other hand. Future generations in Europe will be

confronted with great challenges since they will have to cope with quite a many problems

such as the lack of a quali�ed workforce, high government debt, an increase in the percent-

age of elderly people and possibly necessary measures to adapt to the climate change, just

to mention a few. Only if future generations dispose of su�cient economic and technical

means they can meet those challenges. But, mastering those challenges would require

huge investments in factor augmenting technical progress and in a growing capital stock

already now. That, however, is not the case because a large amount of the resources is

spent for GHG reducing policies. This clearly illustrates that the opportunity costs of
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GHG reducing measures are enormous. In addition to that it should be pointed out that

a couple of policy measures of governments that aim to reduce GHG emissions are highly

ine�cient (see e.g. WBBMWA, 2004, EFI, 2014, p. 52, Schmalensee and Stavins, 2017,

Greiner, 2024). These considerations make clear that, from an economic point of view, it

is di�cult to justify the net zero goal of the EU New Green Deal that intends to reduce

net GHG emissions in the EU to zero by 2050.

5 Conclusion

In this paper we have shown that both climate models and economic models analyzing the

e�ect of global warming are characterized by high uncertainty. In particular, there is no

robust evidence that global warming has negatively a�ected economic growth in Europe

so far.

Nevertheless, it cannot be ruled out that negative e�ects of climate change will occur

in the future. But, strong signals from other countries suggest that those de�nitely put

a higher weight on economic growth rather than on reducing greenhouse gas emissions.

Consequently, unilateral measures in the European Union will have no e�ect on the climate

on earth, but, only require resources that can neither be used for investment in factor

augmenting technical progress nor for raising the aggregate capital stock. That would be

of utmost importance for Europe due to the many challenges this continent has to face

already now and even more in the future.

Further, from a welfare theoretic perspective the net zero goal is to be rejected because

it makes this goal an ultimate goal serving as an end in itself instead of maximizing welfare

of current and future generations of people. Therefore, the net zero goal of the EU New

Green Deal is to be seen sceptical.

References

AEC (2023) �We will not Sell-Out by Phasing Out: African Negotiations Urged to
Fight for Africa.� African Energy Chamber Johannesburg, South Africa, De-
cember 12, 2023, https://energychamber.org/we-will-not-sell-out-by-phasing-out-
african-negotiations-urged-to-�ght-for-africa/

12



Alimonti, G., Mariani, L. (2023) "Is the number of global natural disasters increasing?"
Environmental Hazards, Vol. 23(2), https://doi.org/10.1080/17477891.2023.2239807

Arasu, S. (2023) �Group of 20 countries agree to increase clean energy but
reach no deal on phasing out fossil fuels.� Associated Press, Septem-
ber 9, 2023, https://apnews.com/article/india-climate-change-g20-cop28-
c25dd753a2f8f520261ec4858b921a1a

Arias, P.A., Bellouin, N., Coppola, E., Jones, R.G., Krinner, G., Marotzke, J., Naik,
V., Palmer, M.D., Plattner, G-K., Rogelj, J., Rojas, M., Sillmann, J., Storelvmo,
T., Thorne, P.W., Trewin, B., Achuta Rao, K., Adhikary, B., Allan, R.P., Ar-
mour, K., Bala, G., Barimalala, R., Berger, S., Canadell, J.G., Cassou, C., Cherchi,
A., Collins, W., Collins, W.D., Connors, S.L., Corti, S., Cruz, F., Dentener, F.J.,
Dereczynski, C., Di Luca, A., Diongue Niang, A., Doblas-Reyes, F.J., Dosio, A.,
Douville, H., Engelbrecht, F., Eyring, V., Fischer, E.,Forster, P., Fox-Kemper, B.,
Fuglestvedt, J.S., Fyfe, J.C., Gillett, N.P., Goldfarb, L., Gorodetskaya, I., Gutier-
rez, J.M., Hamdi, R., Hawkins, E., Hewitt, H.T., Hope, P., Islam, A.S., Jones, C.,
Kaufman, D.S., Kopp, R.E., Kosaka, Y., Kossin, J., Krakovska, S., Lee, J-Y., Li,
J., Mauritsen, T., Maycock, T.K., Meinshausen, M., Min, S-K., Monteiro, P.M.S.,
Ngo-Duc, T., Otto, F., Pinto, I., Pirani, A., Raghavan, K., Ranasinghe, R., Ruane,
A.C., Ruiz, L., Sallée, J-B., Samset, B.H., Sathyendranath, S., Seneviratne, S.I.,
Sörensson, A.A., Szopa, S., Takayabu, I., Treguier, A-M., van den Hurk, B., Vau-
tard, R., von Schuckmann, K., Zaehle, S., Zhang, X., Zickfeld, K. (2021) "Technical
Summary." In: Climate Change 2021: The Physical Science Basis. Contribution of
Working Group I to the Sixth Assessment Report of the Intergovernmental Panel on
Climate Change, Masson-Delmotte, V., Zhai, P., Pirani, A., Connors, S.L., Péan, C.,
Berger, S., Caud, N., Chen, Y., Goldfarb, L., Gomis, M.I., Huang, M., Leitzell, K.,
Lonnoy, E., Matthews, J.B.R., Maycock, T.K., Water�eld, T., Yelekçi, O., Yu, R.,
Zhou, B. (eds.), Cambridge University Press: Cambridge, New York, pp. 33-144, doi:
10.1017/9781009157896.002

Barker, D. (2022) "Temperature and U.S. economic growth: Comment on Colacito, Ho�-
mannn, and Phan." Econ Journal Watch, Vol. 19, no. 2: 176-189.

Barker, D. (2023) "Temperature and Economic Growth: Comment on Kiley." Econ Jour-
nal Watch, Vol. 20, no. 1: 69-84.

Barker, D. (2023a) "Temperature Shocks and Economic Growth: Comment on Dell,
Jones, and Olken." Econ Journal Watch, Vol. 20, no. 2: 234-253.

Bentham, J. (1789) Introduction to the principles of morals and legislation. Oxford Uni-
versity Press, Oxford, New York. (Reprint 1996).

13



Bruns, S. B., Ioannidis, J.P.A. (2020) "Determinants of economic growth: Dif-
ferent time di�erent answer?" Journal of Macroeconomics 63, 103185,
https://doi.org/10.1016/j.jmacro.2019.103185

Chen, D., Rojas, M., Samset, B.H., Cobb, K., Diongue Niang, A., Edwards, P., Emori,
S., Faria, S.H., Hawkins, E., Hope, P., Huybrechts, P., Meinshausen, M., Mustafa,
S.K., Plattner, G.-K., Tréguier, A.-M. (2021) �Framing, Context, and Methods.�
In: Climate Change 2021: The Physical Science Basis. Contribution of Working
Group I to the Sixth Assessment Report of the Intergovernmental Panel on Cli-
mate Change, Masson-Delmotte, V., Zhai, P., Pirani, A., Connors, S.L., Pean, C.,
Berger, S., Caud, N., Chen, Y., Goldfarb, L., Gomis, M.I., Huang, M., Leitzell, K.,
Lonnoy, E., Matthews, J.B.R., Maycock, T.K., Water�eld, T., Yelekci, O., Yu, R.,
Zhou, B. (eds.), Cambridge University Press: Cambridge, New York, pp. 147�286,
doi:10.1017/9781009157896.003

Chim, M.M., Aubry, T.J., Abraham, N.L., Marshall, L., Mulcahy, J., Walton, J.,
Schmidt, A. (2023) "Climate projections very likely underestimate future vol-
canic forcing and its climatic e�ects." Geophysical Research Letters, Vol. 50,
e2023GL103743. https://doi.org/10.1029/2023GL103743

Connolly, R., Soon, W., Connolly, M., Baliunas, S., Butler, C.J., Cionco, R.G., Elias,
A.G., Fedorov, V.M., Harde, H., Henry, G.W., Hoyt, D.V., Humlum, O., Legates,
Scafetta, N., Solheim, J.-E., Szarka, L., Herrera, V.M.V., Yan, H., Zhang, W. (2023)
�Challenges in the detection and attribution of northern hemisphere surface temper-
ature trends since 1850.� Research in Astronomy and Astrophysics, Vol. 23, No. 10,
105015, DOI 10.1088/1674-4527/acf18e

Curry, J. (2017) "Climate models for the layman." The Global Warming Policy Founda-
tion, GWPF Brie�ng 24, London.

Dell, M., Jones, B.F., Olken, B.A. (2012) "Temperature shocks and economic growth:
Evidence from the last half century." American Economic Journal: Macroeconomics,
Vol. 4(3), 66�95.

Deser, C., F. Lehner, F., Rodgers, K.B., Ault, T., Delworth, T.L., DiNezio, P.N., Fiore,
A., Frankignoul, C., Fyfe, J.C., Horton, D.E., Kay, J.E., Knutti, R., Lovenduski,
N.S., Marotzke, J., McKinnon, K.A., Minobe, S., Randerson, J., Screen, J.A.,
Simpson, I.R., Ting, M. (2020) "Insights from Earth system model initial-condition
large ensembles and future prospects." Nature Climate Change, Vol. 10, 277�286,
https://doi.org/10.1038/s41558-020-0731-2

EFI Expertenkommission Forschung und Innovation (2014) Gutachten zu Forschung,
Innovation und technologischer Leistungsfähigkeit Deutschlands. Berlin,
https://www.e-�.de/�leadmin/Assets/Gutachten/2014/EFI_Gutachten_2014.pdf

14



Etminan, M., Myhre, G., Highwood, E.J., Shine, K.P. (2016) "Radiative forcing
of carbon dioxide, methane, and nitrous oxide: a signi�cant revision of the
methane radiative forcing." Geophysical Research Letters, Vol. 43, 12,614�12,623,
https://doi.org/10.1002/2016GL071930

Fox-Kemper, B., Hewitt, H.T., Xiao, C., Adalgeirsdottir, G., Drijfhout, S.S., Edwards,
T.L., Golledge, N.R., Hemer, M., Kopp, R.E., Krinner, G., Mix, A., Notz, D., Now-
icki, S., Nurhati, I.S., Ruiz, L., Sallée, J.-B., Slangen, A.B.A., Yu, Y. (2021) �Ocean,
Cryosphere and Sea Level Change.� In: Climate Change 2021: The Physical Science
Basis. Contribution of Working Group I to the Sixth Assessment Report of the Inter-
governmental Panel on Climate Change, Masson-Delmotte, V., Zhai, P., Pirani, A.,
Connors, S.L., Pean, C., Berger, S., Caud, N., Chen, Y., Goldfarb, L., Gomis, M.I.,
Huang, M., Leitzell, K., Lonnoy, E., Matthews, J.B.R., Maycock, T.K., Water�eld,
T., Yelekci, O., Yu, R., Zhou, B. (eds.), Cambridge University Press: Cambridge,
New York, pp. 1211�1362, doi:10.1017/9781009157896.011

Frank, P. (2019) "Propagation of error and the reliability of global air temperature pro-
jections." Frontiers in Earth Science, Vol. 7:223, doi: 10.3389/feart.2019.00223

Furtado, K., Tsushima, Y., Field, P.R., Rostron, J., Sexton, D. (2023) �The rela-
tionship between the present-day seasonal cycles of clouds in the mid-latitudes
and cloud radiative feedback.� Geophysical Research Letters, 50, e2023GL103902,
https://doi.org/10.1029/2023GL103902

Gervais, F. (2016) "Anthropogenic CO2 warming challenged by 60-year cycle." Earth-
Science Reviews, 155, 129�135, http://dx.doi.org/10.1016/j.earscirev.2016.02.005

Goren, T., Sourdeval, O., Kretzschmar, J., Quaas, J. (2023) �Spatial aggregation
of satellite observations leads to an overestimation of the radiative forcing due
to aerosol-cloud interactions.� Geophysical Research Letters, 50, e2023GL105282,
https://doi.org/10.1029/2023GL105282

Greiner, A., (2024) "Das neue deutsche Gebäudeenergiegesetz: Mehr Schaden als Nutzen
(The new German Building Energy Act: More Costs than Bene�ts)." Wirtschaftsdi-
enst - Zeitschrift für Wirtschaftspolitik (forthcoming) and Bielefeld Working Paper in
Economics and Management, No. 08-2023, http://dx.doi.org/10.2139/ssrn.4634582

Greiner, A., Semmler, W. (2008) The Global Environment, Natural Resources, and Eco-
nomic Growth. Oxford University Press: Oxford.

Greiner, A., Bökemeier, B., Owusu, B. (2023) "Climate change and economic growth: Ev-
idence for European countries." Working Paper in Business Administration and Eco-
nomics, Bielefeld University, No. 07-2023, http://dx.doi.org/10.2139/ssrn.4626705

15



Hill, P.,G., Holloway, C.E., Byrne, M.P., Lambert, F. H., Webb, M.J. (2023) �Climate
models underestimate dynamic cloud feedbacks in the tropics.� Geophysical Research
Letters, 50, e2023GL104573, https://doi.org/10.1029/2023GL104573

Hourdin, F., Mauritsen, T., Gettelmann, A., Golaz, J.-C., Venkatramani, B., Duan, Q.,
Folini, D., Ji, D., Klocke, D., Qian, Y., Rauser, F., Rio, C., Tomassini, L., Watanabe,
M., Williamson, D. (2017) "The art and science of climate model tuning." American
Meterological Society, March 2017, 589-602.

Irving, D., Hobbs, W., Chruch, J., Zika, J. (2021) "A mass and energy conservation
analysis of drift in the CMIP6 ensemble." American Meteorological Society, Vol. 34,
3157-70.

Jaeger, C.C., Jaeger, J. (2011) �Three views of two degrees.� Regional Environmental
Change, Vol. 11 (Suppl 1):S15-S26, doi: 10.1007/s10113-010-0190-9

Kant, Immanuel (1787) Kritik der reinen Vernunft. Herausgegeben von Benno Erdmann,
Sechste revidierte Au�age, Berlin und Leipzig 1923, Walter de Gruyter.

Keuschnig, C., Larose1, C., Rudner, M., Pesqueda, A., Doleac, S., Elberling, B., Björk,
R.G., Klemedtsson, L., Björkman, M.P. (2022) "Reduced methane emissions in for-
mer permafrost soils driven by vegetation and microbial changes following drainage."
Global Change Biology, Vol. 28(10), 3411-25, https://doi.org/10.1111/gcb.16137

Kim, H., Kang, S.M., Kay, J.E., Xie, S.-P. (2022) "Subtropical clouds key
to Southern Ocean teleconnections to the tropical Paci�c." The Proceedings
of the National Academy of Sciences (PNAS), Vol. 119(34), e2200514119,
https://doi.org/10.1073/pnas.2200514119

Kirchho�, G. (1860) "Ueber das Verhältniss zwischen dem Emissionsvermögen und dem
Absorptionsvermögen der Körper für Wärme und Licht." Annalen der Physik, Vol.
185(2), 275-301, https://onlinelibrary.wiley.com/doi/10.1002/andp.18601850205

Kolstad C.D., Moore, F.C. (2020) "Estimating the Economic Impacts of Climate Change
Using Weather Observations." Review of Environmental Economics and Policy, 14,1:
1-24.

Kotz, M., Wenz, L., Stechmesser, A., Kalkuhl, M., Levermann, A. (2021) "Day-to day
temperature variability reduces economic growth." Nature Climate Change, Vol. 11:
319-325, https://doi.org/10.1038/s41558-020-00985-5

Leamer, E.E. (1985) "Sensitivity analyses would help." American Economic Review, Vol.
75, no. 3: 308-313.

16



Levine, R., Renelt, D. (1992) "A sensitivity analysis of cross-country growth regressions."
American Economic Review, Vol. 82, no. 4: 942-963.

Lewis, N., Curry, J. (2018) "The impact of recent forcing and ocean heat uptake data
on estimates of climate sensitivity." Journal of Climate, Vol. 32, no. 15: 6051-6071,
https://doi.org/10.1175/JCLI-D-17-0667.1

Lewis, N. (2023) "Objectively combining climate sensitivity evidence." Climate Dynam-
ics, Vol. 60, 3139-3165, https://doi.org/10.1007/s00382-022-06468-x

Lightfoot, H.D., Mamer O.A. (2017) "Back radiation versus CO2 as the
cause of climate change." Energy and Environment, Vol. 28(7), 661-672,
https://journals.sagepub.com/doi/abs/10.1177/0958305X17722790

Lomborg, B. (2020) "Welfare in the 21st century: increasing development, reducing in-
equality, the impact of climate change, and the cost of climate policies." Technological
Forecasting & Social Change, Vol. 156, 119981.

Mauritsen, T., Stevens, B., Roeckner, E., Crueger, T., Esch, M., Giorgetta, M., Haak,
H., Jungclaus, J., Klocke, D., Matei, D., Mikolajewicz, U., Notz, D., Pincus, R.,
Schmidt, H., Tomassini, L. (2012) "Tuning the climate of a global model." Journal
of Advances in Modeling Earth Systems, 4, M00A01, doi:10.1029/2012MS000154

McCarthy, G.D., Caesar, L. (2023) �Can we trust projections of AMOC weakening based
on climate models that cannot reproduce the past?� Philosophical Transactions
Royal Society A 381: 20220193, https://doi.org/10.1098/rsta.2022.0193

McKitrick, R., Christy, J. (2018) "A test of the tropical 200- to 300-hPa
warming rate in climate models." Earth and Space Science, 5, 529-536,
https://doi.org/10.1029/2018EA000401

McKitrick, R., Christy, J. (2020) "Pervasive Warming bias in CMIP6 tropospheric layers."
Earth and Space Science, 7, https://doi.org/10.1029/2020EA001281

Meinshausen, M., Meinshausen, N., Hare, W., Raper, S.C.B., Frieler, K., Knutti, R.,
Frame, D.J., Allen, M.R. (2009) "Greenhouse-gas emission targets for limiting global
warming to 2 oC." Nature Letters, Vol. 458: 1158-1163.

Meinshausen, M., Raper, S.C.B., Wigley, T.M.L. (2011) �Emulating coupled atmosphere-
ocean and carbon cycle models with a simpler model, MAGICC6-Part 1: Model
description and calibration.� Atmospheric Chemistry and Pyhsics, Vol. 11: 1417-
1456.

17



Mooney, A., Williams, A. (2023) �Russia says it will oppose plan to phase out fossil fuels.�
Financial Times, 04.10.2023, https://www.ft.com/content/299c3ec6-cbbe-4970-a874-
af53916e769d

Mülmenstädt, J., Salzmann, M., Kay, J.E., Zelinka, M.D., Ma, P.-L., Nam, C., Kret-
zschmar, J., Hörnig, S., Quaas, J. (2021) �An underestimated negative cloud
feedback from cloud lifetime changes.� Nature Climate Change, 11, 508�513,
https://doi.org/10.1038/s41558-021-01038-1

Newell, R. G., Prest, B. C., Sexton, S. E. (2021). The GDP-temperature relationship:
implications for climate change damages. Journal of Environmental Economics and
Management, 108, 102445.

Ollila, A. (2017) "Semi empirical model of global warming including cosmic forces, green-
house gases, and volcanic eruptions." Physical Science International Journal, Vol.
15(2), 1�14. https://doi.org/ 10.9734/PSIJ/2017/34187

Olonscheck, D., Rugenstein, M. (2024) "Coupled climate models systematically under-
estimate radiation response to surface warming." Geophysical Research Letters, 51,
e2023GL106909, https://doi.org/10.1029/2023GL106909

Omrani, N.E., Keenlyside, N., Matthes, K., Boljka, L., Zanchettin, D., Jungclaus, J.H.,
Lubis, S.W. (2022) "Coupled stratosphere-troposphere-Atlantic multidecadal oscilla-
tion and its importance for near-future climate projection." npj Climate and Atmo-
spheric Science, 5:59, https://doi.org/10.1038/s41612-022-00275-1

Pritzl, R., Söllner, F. (2021) �Rationale Klimapolitik � ökonomische Anforderungen und
politische Hindernisse.� List Forum, 46, 423-449, https://doi.org/10.1007/s41025-
021-00224-5

Ranasinghe, R., Ruane, A.C., Vautard, R., Arnell, N., Coppola, E., Cruz, F.A., Dessai,
S., Islam, A.S., Rahimi, M., Ruiz Carrascal, D., Sillmann, J., Sylla, M.B., Tebaldi,
C., Wang, W., Zaaboul, R. (2021) "Climate Change Information for Regional Im-
pact and for Risk Assessment.", In: Climate Change 2021: The Physical Science
Basis. Contribution of Working Group I to the Sixth Assessment Report of the Inter-
governmental Panel on Climate Change, Masson-Delmotte, V., Zhai, P., Pirani, A.,
Connors, S.L., Pean, C., Berger, S., Caud, N., Chen, Y., Goldfarb, L., Gomis, M.I.,
Huang, M., Leitzell, K., Lonnoy, E., Matthews, J.B.R., Maycock, T.K., Water�eld,
T., Yelekci, O., Yu, R., Zhou, B. (eds.), Cambridge University Press, Cambridge,
New York, pp. 1767�1926, doi:10.1017/9781009157896.014

Sala-i-Martin, X.S. (1997) "I just ran two million regressions." American Economic Re-
view, Papers and Proceedings, Vol. 87, no. 2: 178-183.

18



Scafetta, N. (2023) "CMIP6 GCM ensemble members versus global
surface temperatures." Climate Dynamics, Vol. 60, 3091-3120,
https://link.springer.com/article/10.1007/s00382-022-06493-w

Schmalensee, R., Stavins, R.N. (2017) �Lessons Learned from Three Decades of Expe-
rience with Cap and Trade.� Review of Environmental Economics and Policy, Vol.
11(1), 59�79, doi:10.1093/reep/rew017

Shepherd, C., Rauhala, E., Mooney, C. (2023) �As the world sizzles, China says
it will deal with climate its own way.� The Washington Post, July 19,
2023, https://www.washingtonpost.com/climate-environment/2023/07/19/climate-
change-heat-wave-china/

Sherwood, S.C., Webb, M.J., Annan, J.D., Armour, K.C., Forster, P.M., Hargreaves,
J.C., Hegerl, G., Klein, S.A., Marvel, K.D., Rohling, E.J., Watanabe, M., An-
drews, T., Braconnot, P., Bretherton, C.S., Foster, G.L., Hausfather, Z., von der
Heydt, A.S., Knutti, R., Mauritsen, T., Norris,J.R., Proistosescu, C., Rugenstein,
M., Schmidt, G.A., Tokarska, K.B., Zelink, M.D. (2020) �An Assessment of Earth's
Climate Sensitivity Using Multiple Lines of Evidence.� Review of Geophysics., Vol.
58: 1-92. https://doi.org/10.1029/2019RG000678

Solow, R.M. (1957) "Technical change and the aggregate production function." The Re-
view of Economics and Statistics, Vol. 39, no. 3: 312�320.

Smirnov, B.M., Zhilyaev, D.A. (2021) "Greenhouse e�ect in the standard atmosphere."
Foundations, 1, 184�199. https://doi.org/10.3390/foundations1020014

Stefani, F. (2021) "Solar and anthropogenic in�uences on climate: regression analysis
and tentative predictions." Climate, Vol. 9, 163. https://doi.org/10.3390/cli911016

Stevens, B., Bony, S. (2013) "What are climate models missing?" Science, 340(6136):
1053�54. http://science.sciencemag.org/content/340/6136/1053.summary

SRU, Sachverständigenrat für Umweltfragen (2019) Demokratisch regieren in ökologi-
schen Grenzen. Zur Legitimation von Umweltpolitik. Sondergutachten Juni 2019,
Berlin.

Tinbergen, J. (1942) "Zur Theorie der langfristigen Wirtschaftsentwicklung."
Weltwirtschaftliches Archiv, Vol. 55: 511-549.

TOI (2023) �Coal ministry plans 1,404 million tonne production by 2027.� The Times
of India, 14. Nov 2023, https://timeso�ndia.indiatimes.com/business/coal-ministry-
plans-1404-million-tonne-production-by-2027/articleshow/105201841.cms

19



Tol, R.S.J. (2021) "Europe's Climate Target for 2050: An Assessment." Intereconomics,
Review of European Economic Policy, Vol. 56, No. 6, 330�335, DOI: 10.1007/s10272-
021-1012-7.

Tol, R.S.J. (2023) "Costs and bene�ts of the Paris climate targets." Climate Change
Economics, Vol. 14, No. 4, 2340003, DOI: 10.1142/S2010007823400031

United Nations (2015) Paris Agreement. New York, (accessed 20.04.2024)
https://unfccc.int/sites/default/�les/english_paris_agreement.pdf

Vogel, R., Albright, A.L., Vial, J., George, G., Stevens, B., Bony, S. (2022) "Strong
cloud�circulation coupling explains weak trade cumulus feedback." Nature, 612, 696-
713, https://doi.org/10.1038/s41586-022-05364-y

Voosen, P. (2022) "`Hot' climate models exaggerate Earth impacts." Science, Vol. 376,
issue 6594: 685.

Vrac, M., Thao, S., Pascal Yiou, P. (2023) "Changes in temperature�precipitation cor-
relations over Europe: are climate models reliable?" Climate Dynamics, Vol. 60:
2713�2733. https://doi.org/10.1007/s00382-022-06436-5

WBBMWA Wissenschaftlicher Beirat beim BMWA (2004) Zur Förderung erneuerbarer
Energien. Dokumentation Nr. 534. Bundesministerium für Wirtschaft und Arbeit,
Berlin.

Zanchettin, D. (2023) "Volcanic eruptions: A source of irreducible uncertainty
for future climates." Geophysical Research Letters, Vol. 50, e2023GL105482.
https://doi.org/10.1029/2023GL105482

Zhang, J., Trück, S., Truong, C., Pitt, D. (2023) �Time trends in losses from major
tornadoes in the United States.� Weather and Climate Extremes, Vol. 41, 100579,
https://doi.org/10.1016/j.wace.2023.100579

20


	wpaper_cover_ClimatUncertainty_24
	Uncertainty of Climate Models

