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Short Summary

Because climate change affects economies at different scales, quantifying its im-
pacts is particularly challenging. Yet, understanding climate change impacts
is key to design appropriate mitigation and adaptation response. Damage as-
sessment allows to set global targets and regional policies against the cost of
inaction, and to prepare for adaptation by highlighting future vulnerabilities
and hotspots. This thesis analyses how the dynamics and distribution of cli-
mate change impacts affects the assessment of mitigation pathways. First, I
show that climate system dynamics matters to evaluate the resulting economic
impacts, which increases the present value of mitigation actions. Second, us-
ing different assessments of climate change impacts aggregated at the country
level, T analyse the distributional effects of different emission pathways. Fi-
nally, I study how spillovers via trade affect the distribution of climate change

impacts, in the case of heat stress on labour productivity.

Résumé court

Parce que le changement climatique affecte ’économie a différentes échelles,
quantifier ses impacts est particuliérement difficile. Pourtant, la compréhen-
sion de ces impacts est essentielle pour élaborer une réponse appropriée en
terme d’atténuation et d’adaptation. Elle permet de fixer des objectifs ré-
gionaux et globaux a la lumiére du cotit de 'inaction, et de préparer I’adaptation
en identifiant les vulnérabilités futures. Cette thése s’intéresse a la fagcon dont
la dynamique et la distribution des impacts du changement climatique af-
fectent I’évaluation des trajectoires d’atténuation. Dans un premier temps,
je montre que la dynamique du systéme climatique jour un role important
pour comprendre les dommages économiques qui en résultent, ce qui peut
augmenter la valeur sociale du carbone. Dans un deuxiéme temps, en tenant
compte de 'hétérogénéité des impacts entre pays, j’étudie les effets distribu-
tifs de différentes trajectoires d’émissions. Enfin, je montre comment les effets
de propagation via le commerce peuvent modifier la distribution des coiits du
changement climatique du changement climatique, dans le cas des impacts sur

la productivité du travail.
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Chapter 1
(zeneral Introduction

Anthropogenic greenhouse gas emissions alter Earth’s energy imbalance, caus-
ing changes to the climate system. These changes affect economies in complex
ways. For instance, agricultural production is strongly dependant on tempera-
tures and precipitations, and reduced yields from a changing climate can lead
to food insecurity (Wheeler and Von Braun, 2013). Extreme events, such as
storms or floods, whose frequency and intensity are expected to increase, de-
stroy infrastructures and dwellings, and can have dramatic social consequences
(Field et al., [2012)). Sea-level rise and desertification would make a lot of places
inhabitable. Climate change also has an effect on the functioning of ecosystem
services, which contribute to the well-being of societies (IPBES, 2019).

From an economic point of view, climate change is an externality (Pigoul
1920). Actions of agents, who release greenhouse gas emissions into the at-
mosphere, cause harms to third parties, which justifies public intervention.
A conventional way to solve this issue is to discourage emissions as much as
they are detrimental to social welfare, by pricing them at their marginal dam-
ages. But applying this framework in the case of climate change is particularly
daunting for several reasons.

First, climate change is a global externality: once in the atmosphere, emis-
sions mix and all contribute to increase Earth’s radiative forcing, causing
changes all across the world. Given the diversity of biophysical impacts in-
volved, and the complex ways in which they will affect socioeconomic systems,
the possibility to reach a meaningful metrics to aggregate the impacts and
quantify the marginal damage seems difficult.

Second, climate change is an intertemporal externality. Unlike with flow

pollution, emissions last in the atmosphere for decades or centuries, and their
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consequences will be felt way into the future, so that the damage must be
quantified over a long timescale. This poses a double challenge in both our
ability to understand how future societies will be affected, and to give a present
value to impacts hitting future generations.

Finally, the impacts from climate change are particularly uncertain. Un-
certainty refers to limited knowledge about the future and limited ability to
predict the outcomes from our actions (Knight) 1921; Keynes, [1921). Since the
impacts will occur in the future, and we are dealing with never-seen events,
climate change impacts are inherently uncertain. Besides, what economies will
look like in 50 or 100 years is very uncertain, although it is key to evaluate
how they will cope with climate change.

Though the quantification of impact is challenging, it is necessary as a way
to reveal the benefits of mitigation actions. For instance, a decision maker can
use this information when performing a cost-benefit analysis of regulations,
which have an effect on emissions, or to scale the level of policy instruments
meant to reduce emissions (Pearcel 2003; IAWG, 2010). Beyond the mere
evaluation of marginal damages from emissions, also called the Social Cost of
Carbon, being able to build high-level indicators of the future impacts from
climate change is key to set long-term objectives and think about short-term
mitigation strategies. For instance, what are the avoided impacts if we manage
to contain global temperature increase to 2°C 7 Conversely, what would be the
social and economic impacts of climate change if no mitigation is undertaken?
To guide decision making about how much and how soon to reduce emissions,
we need to assess the impacts of climate change under different global emission
pathways or temperature targets (Hallegatte et al., [2016; Edenhofer and Minx|
2014). Enriching our knowledge about future impacts can also contribute
to the design of adaptation policies, which aim at minimizing the damages
resulting from a given level of climate change.

Because quantifying climate change damages is complex, economists gen-
erally rely on simplified representation of damages as a way explore the per-
formance of different mitigation strategies at the global level, and the ethical
trade-offs at stake. The crude way with which damages are quantified and
represented in these approaches has attracted strong criticisms, leading some
to question their usefulness (Pindyck, 2013; Kaufman et al., 2020; Koomeyl,
2013).

In this thesis, I discuss how we can improve the representation of climate

change damages to assess mitigation pathways, and whether alternative repre-



CHAPTER 1. GENERAL INTRODUCTION 3

sentations of damages can yield insights on the performance of different miti-
gation strategies. I begin by laying out the conventional way to model climate
change damages to assess mitigation pathways in section This leads me
to identify the dynamics of impacts and their distribution as two areas for
improvement. The following two sections discuss why these issues are key
to evaluate damages, and currently insufficiently or improperly represented.
Section [I.4] summarises the contribution of the different chapters of the thesis.

1.1 Damage representation as a key limitation

to analyse mitigation pathways

1.1.1 Integrated Assessment Models

Nordhaus (1994) was the first to propose a simple climate-economy model with
explicit modelling of climate change’s feedback on the economy. He expanded
a Ramsey growth model (Ramsey, [1928)) to include both the possibility re-
duce emissions, and the consequences of these emissions via climate change.
Thus, the model allows to analyse the intertemporal trade-off between the
present costs of greenhouse gas reductions and their future benefits in terms of
avoided impacts. The DICE model was meant to provide information about
the ’optimal’ mitigation pathway, i.e. the abatement level over time that would

maximize discounted welfare.

emissions

—

Climate | ——— Economy
Damage function
D(T)

——

Health Tourism Agriculture

Figure 1.1 — Schematic representation of a cost-benefit Integrated Assessment Model.

DICE belongs to the category of cost-benefit Integrated Assessment Mod-
els (TAMs, see figure . They are build to model the crossed interaction
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between the economy and the climate system, and their evolution in the long-
term, though they each make different assumptions about the climate sys-
tem, mitigation costs and climate damages (Waldhoff et al., [2011; Hope, 2011}
Bosetti et al.l 2006). The DICE model has lead to a number of extensions,
including a regional version RICE (Nordhaus and Yang, |[1996). More recently,
analytical IAMs allow to derive closed-form solutions for the Social Cost of
Carbon and the optimal mitigation pathway (Golosov et al., 2014; Dietz and
Venmans, 2019)).

Because they drive the benefits from reduced emissions, it is no wonder that
the way we model damages has a strong influence on the evaluation of differ-
ent mitigation pathways. However, in most of these approaches, damages are
modelled as losses in monetary term, subtracted from production at the aggre-
gate level. The representation of damages is widely recognized as the weakest
point of these models (Diaz and Moore, 2017; Howard, 2014; Revesz et al.,
2014; Ackerman et al., 2009; Stern, 2013} Pizer et al., 2014)). We summarize

here the main limitations of such an approach.

1.1.2 The traditional damage function under fire
1.1.2.1 Concerns about the level of damages

A first strand of criticisms concerns our ability to produce reliable estimates of
damages estimates. In many case, the damage is estimated using an enumera-
tive method. This consists in listing a number of potential impacts, translating
them in monetary terms, and summed up to obtain the total damages at a
given temperature level. For instance, one can look at the value of yield losses
under a given temperature change, quantify the value of assets at risk from
seal-level rise, etc. Because of the diversity of climate change impacts, the esti-
mates based can never be complete. Besides, they typically omit damages that
are the most difficult to quantify, but have no reason to be negligible, such as
extreme events, ocean acidification, social conflict, or impacts on ecosystems
(Howard, 2014). Non-market impacts, such as mortality, biodiversity, or na-
ture’s non-use value, also raise many questions on whether and how to monetize
them. Finally, aggregating different damage sources by simply adding them
up exclude cross-sectoral interactions which can amplify the impacts.
Alternatives to the enumeration method also have their limitations. More
recently, Computable General Equilibrium models have also produced such

estimates of the economic losses under different warming levels (Roson and
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Van der Mensbrugghel [2012; Roson and Sartori, [2016; Kompas et al., 2018]).
They overcome criticisms about inconsistency and cross-sectoral effects, but
still cannot provide complete estimates as they focus on market impacts.
Statistical approaches use past and current variation in exposition to dif-
ferent climates from cross-sectional or panel data to infer the effects of tem-
peratures on aggregate variables, such as GDP or life satisfaction (Rehdanz
and Maddison, 2005 |[Nordhaus, 2006). Recent estimates based on econometric
approaches suggest larger damages than earlier assessments based on enumer-
ative studies (Burke et al., 2015; Dell et al.; 2012). Yet, it is unclear how to
use these estimates to project damages at higher temperature levels. They
estimated exclude many impacts, which have not yet occurred, such as sea
level rise. The extrapolation of the observed damages when societies have
been only confronted to modest changes is questionable, because damages are
also expected to intensify. On the other hand, assuming stationarity in the
relationship between climate and the economy obscures that adaptation can
occur. Thus, no single method seems able to provide a satisfying approach to

express the total damages.

1.1.2.2 Too aggregated damage function?

Beyond our ability to provide such estimates as the total economic damages at
a given level, aggregating different sources of damages into a single monetary
loss is also questionable, because it masks the dynamic processes, the distri-
bution of damages and the uncertainty surrounding these estimates. First,
by aggregating all damages sources into output losses at a given temperature
change, we lose information about the processes at stake. Climate change
affects many aspects of the economic system, from production inputs to well-
beings, and what is affected matters. Even in the most simple setting, impacts
hitting capital rather than output can interact with investment and thereby al-
ter economic dynamics. Likewise, the mere valuation of climate change impacts
on natural capital can be conditional on their relative price, so that explicitly
accounting for their dynamics can change the optimal pathway (Drupp and
Hansel, 2020). Second, relying on the costs aggregated at a too high spatial
level obscures that these costs will be unevenly distributed, between regions
and households. Though some models rely on a dozen regions, it is still lim-
ited to identify the pathways that yield the highest welfare. Finally, because

damages are uncertain, the use of a single damage function cannot shed light
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on the risks of different emissions pathways. Thus, evaluation of mitigation
actions based on an ’average scenario,” or the best-guess damage estimates, is
insufficient, and the risk dimension should be part of the decision. The value
of climate change mitigation also lies in its ability to serve as a hedge against
catastrophic or worst case scenarios.

In the next sections, I discuss more in depth why the conception of damages
as output losses caused by temperatures at the aggregate level is inappropriate

to account for the dynamics of damages and their distributional effects.

1.2 A dynamic approach to evaluate climate change

damages

A static approach of the damages at a given temperature change is ill-suited
to represent the dynamics of climate and that of climate damages, which can

sometimes be non-linear.

1.2.1 Climate change can affect the dynamics of the econ-

omy

A key issue to evaluate the damage is whether the dynamics of the economy, or
growth will be affected by climate change, for instance via reduced spending on
innovation or losses to human or physical capital (Fankhauser and Tol, |2005).
Indeed, if growth if affected, damages can shift economies away from their
trajectory. Thus, damages accumulate over time, and even small differences in
growth can lead to important losses by the end of the century. Recent econo-
metric evidence has prompted that temperature and growth were negatively
correlated (Burke et al., 2015; Dell et al., [2012)). Several studies interpreted
this as a loss in Total Factor Productivity (TFP) growth or accelerated de-
preciation rate of capital and found that much stringent mitigation would be
optimal in such case (Moore and Diaz, |2015; Dietz and Stern, 2015). However,
it is still unclear whether losses to output and growth perform better to explain
historical losses (Newell et al.. 2018)). There is mixed evidence regarding the
effect on TFP (Letta and Tol, |2019; Henseler and Schumacher, [2019). In ad-
dition, while econometric evidence can illustrate potential mechanisms, there
are concerns about the way to interpret weather data as evidence of climate
change (Auffhammer, 2018; Kolstad and Moore, |2020).
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1.2.2 Climate dynamics matters

To understand how climate change affects economies, we must also come back
to the nature of the biophysical changes involved. Indeed, what we call climate
change covers a vast range of perturbation in the way the climate system
works. The global average temperature has become a key proxy to measure the
magnitude of the phenomenon, but the reality of climate change ranges from
changes in temperature, precipitation patterns, or increases in the frequency
and intensity of extreme events. Some of the impacts from climate change will
be gradual, and evolve progressively just like global temperature. But many
will come in the form of more frequent or more intense shocks.

Typically, extreme events, such as floods, hurricane, storms or heatwaves,
can manifest high damages at a given year, and lower damages the next year,
and we cannot predict when they will strike. Here again, relying on the eval-
uation of direct costs can be misleading to understand the resulting macroe-
conomic consequences of a shock (Hallegatte et al.. 2007). The persistence of
the shock or the ability of the economy to recover depends crucially on the
organization of the economy, and the inputs that are affected (Piontek et al.,
2019). The temporal and uncertain dimensions of shocks contrast with an
approach that would consider deterministic losses gradually increasing with
temperatures along an optimal growth path.

Another important dynamic aspect is that economies are not only sensi-
tive to the level of climate change, but also to the rate at which it is occur-
ring. For instance, species are limited in the speed at which they can adapt
or migrate. Slower change gives them more time to migrate to climatically
favourable places, or to adapt via genetic or behavioural adaptations. Simi-
larly, adaptation strategies in sectors with long-lasting capital may take time,
and faster rates of change may be associated with less efficient adaptation
or greater losses (Hallegattel, 2009; |[Fankhauser and Soare, |2013)). Conversely,
damages won’t stay at the same level once temperatures have stabilized. Some
of the impacts are irreversible, while others can be reduced or even vanish once
economies have adapted, for instance via investment in protective capital, be-
havioural changes or switch to more adapted crops. Once again, a snapshot of
the losses at a given warming level may improperly capture that the dynamics
of change matters to understanding economies’ ability to cope with climate

change.
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1.2.3 Existence of non-linear dynamics of damages

Finally, thinking of damages as smoothly increasing with climate change stands
in sharp contrast with its sometimes non-linear dynamics. For instance, there
are thresholds effects can trigger the reinforcing of feedback loops and eventu-
ally lead entire parts of the climate system to shift. FExamples of such thresh-
olds include the collapse of the thermohaline circulation, the complete melting
of the Greenland Ice Sheet, or the die-back of the Amazonian forest (Lenton
et al., 2019; [Steffen et al.l 2018). Thus, whether we are interested in the impact
of a marginal emission, or impacts along an emission trajectory it is necessary
to account for the possibility of crossing such non-linear dynamics (Kopp et al.|
2016).

In early approaches, the risk of tipping points or catastrophic shifts led
modellers to simply increase the damage estimates. In such a setting, it is op-
timal to smoothly warm the climate and stop emitting when marginal damages
exceed the benefits of emissions. However, this is insufficient to help decision
making under such risks of non-linear behaviours, and to quantify the benefits
of different mitigation pathways in terms of reducing the probability of high-
impact outcomes. When these risks are integrated, mitigation strategies lead
to different outcomes in different states of nature, depending on whether these
thresholds are crossed or not. Thus, the evaluation of the strategy depends
on how much risk we are willing to take. While some suggest that these risks
are the primary contribution to the value of mitigation, and that they are
too large to rely on traditional tools (Weitzman, 2009)), in practice risk has
been found to play a moderate role in numerical TAMs (Ackerman et al., [2013;
Belaia et al., [2014).
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1.3 Unraveling the distribution of climate change

damages

Assessment of global climate change impacts and their being captured at a
very aggregated level hides significant disparities in how they affect sectors,
regions and households. However, who is affected by climate change matters.
First, the same physical impacts do not lead to the same costs depending on
household or regions’ vulnerability, which is strongly linked to income levels.
Second, who bears the cost of climate change is key to assess the fairness of
different mitigation pathways (Dennig et al.; 2015)), in particular if the decision
maker cares about the worse-off (Adler et al., [2017).

1.3.1 The poorest face higher damages

There is a growing evidence that climate change impacts will be unevenly
distributed across individuals, and will disproportionately hit the poorest.

The poorest are most exposed to the various effects of climate change, such
as water stress, drought intensity, heat waves or loss of agricultural yields,
because of their location (Byers et al., |2018)). For instance, there are dispro-
portionate impacts on yields in low latitude regions (Rosenzweig et al. 2014),
and the daily temperature extremes are expected to occur primarily in less
developed areas (Harrington et al.l 2016). This is also true within countries,
because the poorest are more often located in risky areas (Park et al., |2018;
Jongman et al., 2015).

The same physical impacts translate into greater damages for the poorest
due to differences in sensitivity and adaptive capacities between countries and
individuals. The poor depend more on activities that may be affected directly
by climate change, have lower-quality protection infrastructures lack access
to insurance mechanisms against weather shocks (Hallegatte and Rozenberg,

2017). Besides, they also face indirect impacts via for instance food price.

1.3.2 Limited quantitative studies with a global scope

Despite the evidence that the poorest will face the bulk of the damages, quanti-
tative studies on the distribution of climate change impacts with a global scope
remain limited (Rao et al.| [2017). A few studies, using regional IAMs, further

assume an unequal distribution of damages within regions, and show that it
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has a strong effect on optimal mitigation (Dennig et al., 2015; |Anthoff and
Emmerling, 2018). However, they typically rely on the assumption of constant
income distribution, and lack strong basis for calibrating the way damages are
distributed within regions.

Improving the understanding of how climate change can affect the poorest
requires representing the economy at a finer scale than what economic models
with a global scope typically do, to go beyond single representative household,
and model the various mechanisms through which climate change impacts can
affect households. This includes a deeper understanding of how the biophysical
impacts from climate change will translate into changes in income, prices,
or asset loss, and necessitates to include the role of cross-cutting dimensions
of vulnerability such as institutions or governance (Hallegatte et al., |2011).
Impacts will depend on the type of built capital or how well the impacts have
been anticipated, which is strongly context-dependant. This makes it difficult
to map the distribution of impacts across the world. Finally, the distribution
of impacts can be challenging to assess in teleconnected economies, in which
impacts at a given place propagate to other regions, along the value chain
(Henriet et al.l 2012; Constant and Davin, 2019) or because of indirect effects

via, prices.
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1.4 Contribution of this thesis

To summarise, the way we conceptualize and represent damages in cost-benefit
Integrated Assessment Models lead to high discrepancies in the assessment of
mitigation strategies. I underlined the interest of improving how we capture
the dynamic dimension of the interaction between climate and the economy,
and disaggregating these damages at a finer scale. I now summarise the con-

tributions of the different chapters of this thesis to these issues.

1.4.1 Dynamics of damages

emissions

—_—
Climate —_—
Damage function

D(T,T)

Economy

Damage from
warming rate
(Chapter 3)

Figure 1.2 — Graphical representation of damages in the corresponding chapter

In the first part of the thesis, I explore the dynamics of impacts and com-
pare how different modelling of climate change damages affect the welfare-
maximizing path. In chapter [2| T investigate the role of risk in the case of a
tipping point. I build a stochastic Integrated Assessment Model, in which the
damage function exhibits a stochastic jump to account for potential tipping
points in the climate-economy system. I analyse the resulting Social Cost of
Carbon under different assumptions about time and risk preferences. The re-
sults suggest that a tipping point raises the Social Cost of Carbon, but mainly
as a result of increased expected damages, rather than as an effect of pure risk.
This allows to identify the conditions under which the ‘climate premium’, i.e.
the willingness to pay to avoid bad outcomes, is high. It is the case under
combined high damage and high risk aversion.

In chapter 3] T explore the consequences for optimal mitigation strategies
when damages depend both on warming levels and warming rates, using an

analytical climate-economy model. I show that when economies are also sen-
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sitive to the dynamics of warming, the Social Cost of Carbon increases, and
the timing of optimal emissions is different — the same carbon budget gets
spread over time in order to smooth temperature increase. Overlooking this
issue leads to emission pathways in which temperatures may rise too fast given

economies’ ability to cope with the change.

1.4.2 Distribution of damages

Country A
DA(T) P
Country A Service

. Dy(T,
Climate __“” — |countryB

Climate

DH(T) $
— Country C Country C

Agricultu

Servioe

Country-specific _—

- Insustey
damagefunctions

(a) Chapter (b) Chapter [6]

Figure 1.3 — Graphical representation of damages in the corresponding chapter

The second part of the thesis deals with the intragenerational distribution
of damages. I review in chapter [4] the interactions between climate change
and economic inequality. While damages are unequally distributed, the rich-
est contribute disproportionately to global emissions, both at the global and
country-level. Finally, mitigation policies, depending on their design, can also
be burdensome for the poorest. These issues are key to analyse the fairness of
low carbon pathways, and design appropriate policy responses.

I then evaluate quantitatively the combined effects of mitigation and cli-
mate change impacts on inequality in chapter I build country-by-country
projections of GDP per capita account for uncertainty in socioeconomic and
climate-related factors. 1 explore the outcomes from this scenario database
using statistical methods. Uncertainty about climate change damages and so-
cioeconomic assumptions are key to predict the value of future inequality. I
also study in which conditions lower emission pathways are associated with
lower inequality levels.

Finally, in chapter [6] T analyse how the distribution of direct impacts of cli-
mate change can propagate across regions due to trade, using a multi-regional

multi-sectoral model. I study the case of heat stress on productivity, which
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has heterogeneous effects on regions and sectors, and the preliminary results
suggest that final impacts can be more unevenly distributed than the direct
impacts. Note that this chapter is still work in progress. Nevertheless, I chose
to include it in its current form in the manuscript, because I am sure it would

benefit from the perspective of the jury.



BIBLIOGRAPHY 14
Bibliography

Ackerman F, DeCanio SJ, Howarth RB, Sheeran K (2009) Limitations of inte-
grated assessment models of climate change. Climatic Change 95(3):297—
315, doi: 10.1007/s10584-009-9570-x, URL https://doi.org/10.1007/
510584-009-9570-x

Ackerman F, Stanton EA, Bueno R (2013) Epstein—Zin utility in DICE: Is
risk aversion irrelevant to climate policy? Environmental and Resource Eco-
nomics 56(1):73-84

Adler M, Anthoff D, Bosetti V, Garner G, Keller K, Treich N (2017) Prior-
ity for the worse-off and the social cost of carbon. Nature Climate Change
7(6):443-449, doi: 10.1038 /nclimate3298, URL https://www.nature.com/
articles/nclimate3298

Anthoff D, Emmerling J (2018) Inequality and the Social Cost of Carbon. Jour-
nal of the Association of Environmental and Resource Economists 6(2):243—
273, doi: 10.1086,/701900, URL https://www.journals.uchicago.edu/
doi/abs/10.1086/701900

Auffhammer M (2018) Quantifying Economic Damages from Climate Change.
Journal of Economic Perspectives 32(4):33-52, doi: 10.1257/jep.32.4.33,
URL https://www.aeaweb.org/articles?id=10.1257/jep.32.4.33

Belaia M, Funke M, Glanemann N (2014) Global Warming and a Potential
Tipping Point in the Atlantic Thermohaline Circulation: The Role of Risk

Aversion. Environmental and Resource Economics pp 1-33

Bosetti V, Carraro C, Galeotti M, Massetti E, Tavoni M (2006) A World in-
duced Technical Change Hybrid Model. The Energy Journal SI2006(01),
doi:  10.5547/ISSN0195-6574-EJ-VolSI2006-NoSI12-2, URL http://www.

iaee.org/en/publications/ejarticle.aspx?7id=2166

Burke M, Hsiang SM, Miguel E (2015) Global non-linear effect of temperature
on economic production. Nature 527(7577):235-239

Byers E, Gidden M, Leclére D, Balkovic J, Burek P, Ebi K, Greve P, Grey D,
Havlik P, Hillers A, Johnson N, Kahil T, Krey V, Langan S, Nakicenovic N,
Novak R, Obersteiner M, Pachauri S, Palazzo A, Parkinson S, Rao ND, Ro-
gelj J, Satoh Y, Wada Y, Willaarts B, Riahi K (2018) Global exposure and


https://doi.org/10.1007/s10584-009-9570-x
https://doi.org/10.1007/s10584-009-9570-x
https://www.nature.com/articles/nclimate3298
https://www.nature.com/articles/nclimate3298
https://www.journals.uchicago.edu/doi/abs/10.1086/701900
https://www.journals.uchicago.edu/doi/abs/10.1086/701900
https://www.aeaweb.org/articles?id=10.1257/jep.32.4.33
http://www.iaee.org/en/publications/ejarticle.aspx?id=2166
http://www.iaee.org/en/publications/ejarticle.aspx?id=2166

BIBLIOGRAPHY 15

vulnerability to multi-sector development and climate change hotspots. Fn-
vironmental Research Letters 13(5):055012, doi: 10.1088/1748-9326/aabf45,
URL https://doi.org/10.1088%2F1748-9326%2Faabf45

Constant K, Davin M (2019) Unequal vulnerability to climate change and
the transmission of adverse effects through international trade. Environ-
mental and Resource Economics 74(2):727-759, iSBN: 0924-6460 Publisher:
Springer

Crost B, Traeger CP (2013) Optimal climate policy: uncertainty versus Monte
Carlo. Economics Letters 120(3):552-558

Dell M, Jones BF, Olken BA (2012) Temperature shocks and economic growth:
Evidence from the last half century. American Economic Journal: Macroe-

conomics pp 66-95

Dennig F, Budolfson MB, Fleurbaey M, Siebert A, Socolow RH (2015) Inequal-
ity, climate impacts on the future poor, and carbon prices. Proceedings of
the National Academy of Sciences 112(52):15827-15832, doi: 10.1073/pnas.
1513967112, URL http://www.pnas.org/content/112/562/15827

Diaz D, Moore F (2017) Quantifying the economic risks of climate change.
Nature Climate Change 7(11):774

Dietz S, Stern N (2015) Endogenous growth, convexity of damage and climate
risk: how Nordhaus’ framework supports deep cuts in carbon emissions. The
Economic Journal 125(583):574-620, iSBN: 0013-0133 Publisher: Oxford
University Press Oxford, UK

Dietz S, Venmans F (2019) Cumulative carbon emissions and economic policy:
In search of general principles. Journal of Environmental Economics and
Management 96:108-129, doi: 10.1016/j.jeem.2019.04.003, URL http://
www.sciencedirect.com/science/article/pii/S0095069618302122

Drupp MA, Hansel MC (2020) Relative Prices and Climate Policy: How the
Scarcity of Non-Market Goods Drives Policy Evaluation. SSRN Scholarly
Paper ID 3529008, Social Science Research Network, Rochester, NY, URL
https://papers.ssrn.com/abstract=3529008

Edenhofer O, Minx J (2014) Mapmakers and navigators, facts and val-
ues. Science 345(6192):37-38, doi: 10.1126/science.1255998, URL https:


https://doi.org/10.1088%2F1748-9326%2Faabf45
http://www.pnas.org/content/112/52/15827
http://www.sciencedirect.com/science/article/pii/S0095069618302122
http://www.sciencedirect.com/science/article/pii/S0095069618302122
https://papers.ssrn.com/abstract=3529008
https://science.sciencemag.org/content/345/6192/37
https://science.sciencemag.org/content/345/6192/37

BIBLIOGRAPHY 16

//science.sciencemag.org/content/345/6192/37, publisher: American

Association for the Advancement of Science Section: Policy Forum

Fankhauser S, Soare R (2013) An economic approach to adaptation: illustra-
tions from Europe. Climatic Change 118(2):367-379

Fankhauser S, Tol RS (2005) On climate change and economic growth. Re-
source and Energy Economics 27(1):1-17

Field CB, Barros V, Stocker TF, Dahe  (2012) Managing the risks of extreme
events and disasters to advance climate change adaptation: special report of

the intergovernmental panel on climate change. Cambridge University Press

Golosov M, Hassler J, Krusell P, Tsyvinski A (2014) Optimal taxes on fossil

fuel in general equilibrium. Econometrica 82(1):41-88

Guivarch C, Pottier A (2018) Climate Damage on Production or on Growth:
What Impact on the Social Cost of Carbon? Environmental Modeling &
Assessment 23(2):117-130

Hallegatte S (2009) Strategies to adapt to an uncertain climate change. Global
environmental change 19(2):240-247

Hallegatte S, Rozenberg J (2017) Climate change through a poverty lens. Na-
ture Climate Change 7(4):250-256

Hallegatte S, Hourcade JC, Dumas P (2007) Why economic dynamics matter in
assessing climate change damages: illustration on extreme events. Ecological
economics 62(2):330-340

Hallegatte S, Przyluski V, Vogt-Schilb A (2011) Building world narratives
for climate change impact, adaptation and vulnerability analyses. Nature
Climate Change 1(3):151-155, doi: 10.1038/nclimatel1135, URL https://
www.nature.com/articles/nclimate1135, number: 3 Publisher: Nature

Publishing Group

Hallegatte S, Rogelj J, Allen M, Clarke L., Edenhofe