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Foreword by Verena Madner

The anthology at hand is based on conference proceedings at the Environmental Law
Forum, an international conference on ‘Climate Change, Responsibility and Liabil-
ity’ that took place at the University of Graz in 2018. The Conference, I had the
opportunity to attend in person, was an outstanding success, constituting a major
contribution to the scientific discourse on climate change and the law. Over two
days, renowned speakers from Austria and around the world addressed the legal
responsibilities of states, enterprises and cities in the context of climate change and
its growing impacts. Thereby, the focus was on the climate liability of actors, detec-
tion, attribution and causation. In the light of ever-advancing climate change and its
drastic consequences, which we increasingly experience today, the establishment of
clear (legal) obligations is of utmost importance. It is, therefore, a great honour and
special pleasure for me to contribute a ‘Foreword’ to this unique and forward-looking
anthology.

Attempts to identify responsible actors and to determine their (legal) obligations
still face many hurdles: First and foremost, the enforcement of climate change-
related claims through legal action requires a legal basis, for example, human rights
or the general rules on damages. In light of this, a multitude of (preliminary) ques-
tions still need to be answered: These inter alia relate to what extent was a given loss
and damage caused by climate change? Can this be attributed to a particular actor in
a legally convincing way? To what extent do human rights oblige states to protect
individuals from the adverse impacts of climate change? To answer such questions,
recourse to other scientific disciplines is indispensable as legal statements require
strong empirical claims. However, scientific claims themselves are not seldomly
fraught with uncertainty, which makes the role of the Intergovernmental Panel on
Climate Change (IPCC) more relevant than ever.

The complex ‘legal playing field’ of climate change is marked by various uncer-
tainties, which becomes inherent in the context of increasing climate litigation. Cli-
mate lawsuits, often brought by concerned individuals or environmental NGOs, seek
to bridge the gap between recommendations by climate science and (often unambi-
tious) climate policies. They aim not only at enforcing stricter climate protection
measures but also at raising awareness for the delicate issue of climate change. Liti-
gants either sue states for non-existent or insufficient climate protection legislation or
businesses for their contribution to global climate change. As of today, several note-
worthy successes have been achieved: In the well-known Urgenda decision, the
Hoge Raad (Supreme Court) of the Netherlands obliged the state to reduce its green-
house gas emissions by 25% until 2020. And in the recent Neubauer decision, the
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Bundesverfassungsgericht (Federal Constitutional Court) of Germany declared the
Federal Climate Protection Law to be unconstitutional as the freedom of future gen-
erations was not sufficiently considered. Climate lawsuits against carbon majors
have, so far, been less successful as they usually revolve around claims for damages
and the difficult issues of causation (sine qua non) or the attribution of concrete dam-
ages to allegedly responsible actors. However, a recent case took a whole new ap-
proach: In its 2021 Milieudefensie decision, a Dutch District Court ordered Royal
Dutch Shell to drastically cut its emissions, which potentially impacts future suits
against multinational companies.

These recent climate litigation efforts, among many others, highlight the special
importance of this volume, which aims to provide current and future generations of
lawyers and judges with legal tools and arguments to advance climate protection and
guarantee a decent life for all. The volume thereby takes an interdisciplinary ap-
proach where prominent scholars from different disciplines of academia, such as law,
economics or philosophy, join hands. Accordingly, the contributions cover a multi-
tude of topics and range from the attribution of moral and political responsibilities
and the foreseeability of climate change to responsibility and liability under interna-
tional, European Union and national law, with the latter infer alia focusing on Aus-
tria, China, Germany, Kenya and South Africa. The individual contributions are
devoted to novel approaches, such as the Oslo Principles on Climate Change and a
variety of cross-cutting issues like state responsibility in climate change; legal stand-
ing in climate lawsuits; causation in tort law; or the liability risks for carbon majors.
As a whole, this remarkable book publication provides a distinct comprehensive
overview and timely analysis of current developments in the field of climate change
law, responsibility and liability. Ultimately, it also sheds light on areas where future
research is still needed to tackle the greatest challenge of our time.

I want to express my sincere gratitude to the editors and authors who make this
book a great success and a valuable contribution to the legal and interdisciplinary
discourse on climate change.

Verena Madner
Vice-President of the Austrian Constitutional Court Vienna, October 2021
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Foreword by Christoph Bezemek

The volume at hand unites numerous presentations given at a Conference of the same
name, held at the University of Graz in November 2018. Several such events labelled
‘Environmental Law Forum’, took place here in Graz over time, bringing together
renowned experts, leading scientists and lawyers from around the world in our beau-
tiful town, allowing them to get to know our venerable A/ma Mater and its excellent
researchers. Events like these prove particularly successful in stimulating the inter-
disciplinary discourse on divergent issues and in fostering innovation and novel solu-
tions in law and beyond. At the 2018 Conference, climate change and particularly the
identification of those responsible for taking (or neglecting to take) much-needed
action as well as the determination of their respective obligations were in the focus.

The aforementioned Conference represents one of the University’s many efforts in
its Field of Excellence ‘Climate Change’, which unites over a hundred researchers
from different disciplines across faculties. Climate change research at University of
Graz is concerned with a multitude of questions, including the scientific basis of
climate change and its effects, transformation processes, innovations, and carbon
storage technologies, but also climate justice, climate law and climate litigation.
Within the Field of Excellence, researchers from a range of disciplines identify a
wide range of options for a sustainable transformation and elaborate the respective
changes required in the technical, social, political, or legal sphere.

Yet, strategies to deal with climate change are still clouded by uncertainties and
challenges. Climate litigation struggles with difficulties to prove and assign respon-
sibility and liability for specific impacts of climate change. This book takes an at-
tempt to untangle this complex web by taking an interdisciplinary approach in under-
standing the necessary basis of responsibility and liability and narrowing down the
interface between law and other disciplines.

Enforcing legal claims presupposes legal rights and legal duties/obligations. Addi-
tionally, it is important to identify the responsible agent (and the extent of responsi-
bility) for the anthropogenic climate change which caused the loss in a manner that
would be legally convincing. Legal statements on duties and responsibilities require a
strong foundation on empirical claims such as those arising from attribution science.
But then again, scientific claims are also faced with the challenge of uncertainties,
creating a complex web on identification of actors and the extent of their contribution
that would provide a basis for assigning a legal duty and consequently for enforcing
legal claims against such specific actors. This publication significantly contributes to
trends and developments in law, relevant to climate liability and responsibility but
also contains important insights at the intersection of law and other disciplines. The
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international approach underlying this volume gives the opportunity to compare (and
learn from) different jurisdictions both from an academic and a practical perspective.
University of Graz takes the responsibility to provide students and academics with
knowledge of the grand global challenges of the 21 century seriously. This mission
encompasses, particularly, climate change, the loss of biodiversity and sustainability.
In doing so, our aim is to raise even more awareness for these delicate issues and to
further strengthen our capabilities to significantly assist in meeting the Austrian goals
in fighting climate change and to support the aims of the Paris Agreement and the
2030 Agenda of the United Nations Sustainable Development Goals.

In 2020, our new Research Center for Climate Law (ClimLaw: Graz) was founded
to further deepen the University’s efforts within the ‘Field of Excellence Climate
Change’. The Field of Excellence Climate Change (@ Graz comprises over a hundred
researchers who are investigating climate change and the economic, production-
related, social, political and legal changes that are necessary for a sustainable trans-
formation. As part of this coalition, ClimLaw: Graz is devoted to climate change-
related (legal) research. Its establishment is a significant achievement; an achieve-
ment that makes me, as Dean of the Faculty of Law, particularly proud.

ClimLaw: Graz, as part of the Faculty of Law, aims to advance social, political,
diplomatic and legal responses to climate change through research and teaching. It
further actively contributes to local, national and global academic and professional
efforts to combat climate change and its consequences. ClimLaw: Graz adopts a
transdisciplinary approach and unites national and international experts from law
from various fields of academia in its projects. In its current JustDeCarb project
researchers are concerned with a socially just and politically robust decarbonisation,
whereas the LEXAT project inquires legitimate expectations throughout the trans-
formation to a low-carbon society and economy.

In addition to research, ClimLaw: Graz engages in various other activities: Teach-

ing constitutes an essential pillar as ClimLaw: Graz offers a wide range of courses in
environmental and climate law and thereby reinforces the objective of the Universi-
ty’s respective field of excellence. As scientific conferences are an indispensable part
of scientific discourse and exchange, the Research Center regularly organises and
hosts Conferences that connect national and international experts to discuss the com-
plex and multi-faceted challenge of climate change and its legal implications.
It is a great pleasure that the 2018 Conference on Climate Change, Responsibility
and Liability has resulted in the publication at hand, and, thus, makes a valuable
contribution to the legal discourse on climate change. I would like to thank and to
congratulate the organisers of the Conference, the editors and authors of this volume
and the whole team of ClimLaw: Graz.

Christoph Bezemek
Dean, Faculty of Law, University of Graz Graz, October 2021
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Preface by the editors

In November 2018, an Environmental Law Forum titled ‘Climate change, responsi-
bility and liability’ was held at the University of Graz. In the course of this interna-
tional Conference, distinguished experts from different continents addressed, from an
interdisciplinary perspective, the complex questions climate change raises in terms of
responsibility and liability of states and enterprises.

After a pandemic-related delay, we, the editors, are now all the more pleased to re-
flect the outcomes of the Conference and present them to the scientific community,
policymakers, legal practitioners and students. The present anthology covers many
aspects pertaining to climate change responsibility and liability; it follows the struc-
ture of the Conference and is divided into three interconnected and mutually depend-
ent parts:

Part I deals with the foundations for climate change responsibility and liability:
‘Climate change, its impacts, and attribution of causes: Current status and challeng-
es’ provides an introduction to attribution science and the key question of how con-
crete climate damage might be assigned to certain activities or actors. ‘Climate
change and pandemics: Feasibility constraints on mitigation and adaptation’ conducts
a comparative analysis of the current COVID-19 pandemic and the climate crisis in
terms of implementation hurdles respective countermeasures face. Two contributions
are devoted to the economic perspective, highlighting how climate damages might be
quantified in financial terms and how insufficient climate protection causes economic
loss — ‘The cost of carbon: Economic approaches to damage evaluation’ and ‘Fore-
seeability of economic damage related to inadequate climate mitigation and adapta-
tion’.

Part II sheds light on the legal basis for climate change responsibility and liability,
covering international aspects, the German and Austrian perspective and private law
and related climate litigation. Several contributions cover the international dimen-
sion, relating to international climate law as well as non-binding documents, namely
‘Climate change responsibility and liability in international law’ and ‘Oslo Principles
and Climate Principles for Enterprises’. Further, three contributions provide country-
specific insights for China, South Africa and Kenya: ‘China’s climate change law:
History, current situation and key issues’, ‘South Africa — climate change, responsi-
bility and liability: The legal system, public and private law considerations’ and ‘A
rights-basis for climate compensatory claims in Kenya’. Articles on the national
Austrian and German perspective range from ‘Climate change law in Germany and
Austria’ and ‘State responsibility for climate change under EU and German law’ to
‘Oslo Principles in Austrian and EU climate change law’ and ‘Climate action — polit-

11
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ical question or a case for the courts?” or ‘The first Austrian climate lawsuit’. Fur-
ther, private law climate litigation is comprehensively covered with contributions
titled ‘Climate change and tort law’, ‘Legal standing in climate-related lawsuits’ and
‘Climate change litigation and the private sector — assessing the liability risk for
multinational corporations and the way forward for strategic litigation’.

Part IIT comprises cross-cutting issues relating to climate change litigation and en-
forcement. One contribution deals with the problem of enforcement under interna-
tional law, more precisely with ‘Fostering responsibility for compliance mecha-
nisms’, whereas two authors focus on Chinese climate change law and elaborate on a
Chinese climate case and mitigation policies: ‘Climate change, public interest litiga-
tion and the development of renewable energy law in China — based on the analysis
of ‘Friends of Nature v Ningxia Grid Company’ and ‘China’s carbon emissions re-
duction policies: An industrial structural adjustment approach’.

The super-wicked problem of climate change presents humanity with an unprece-
dented global and inter-temporal challenge. Finding answers to the most pressing
questions, namely responsibility and liability for climate change, requires interdisci-
plinary dialogue and cooperation.

The need for joining of strengths is particularly evident in the context of climate
litigation, which is on the rise globally but has, so far, only led to a limited number of
successes. The enforcement of legal claims is difficile and requires not only the ex-
istence of legal rights and duties but also necessitates the determination and quantifi-
cation of climate-related damage and the identification of a responsible agent.

Legal claims thus not only require strong empirical claims on climate damages
(like those provided by attribution science) but also methods for the (economic)
valuation of climate damages (as economics provides). The equitable shaping of the
transition to low-carbon economies and societies further calls for consideration of
(distributional) justice, predominantly dealt with by philosophers.

Against this background, the present anthology goes beyond a mere legal analysis
— it attempts to foster international and interdisciplinary dialogue on climate change
and to provide viable concepts for the liability of specific actors based on their role in
causing climate change and responsibility of specific actors to respond to climate
change, irrespective of their role in causing it. The book also reflects ongoing re-
search conducted by leading scientists at the University of Graz within its Field of
Excellence: Climate Change and the Research Centre ClimLaw: Graz, which is de-
voted to legal and interdisciplinary research on climate change.

We would like to express our gratitude to the organisers and sponsors of the 2018
Conference on climate change, responsibility and liability, which constituted the
starting point for this publication. We would also like to thank all the contributors to
this publication, Nomos for their professional services and Julia Wallner for the val-
uable assistance in making this book formally publishable. Last but not least, we
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wish to thank the Rector of the University of Graz, Peter Riedler, and the Dean of the
Faculty of Law, Christoph Bezemek, for their continued support.

The editors Graz, March 2022
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Climate change, its impacts, and attribution of causes: Current status
and challenges

Andrea K Steiner and Mastawesha M Engdaw

Abstract

Current climate change progresses rapidly. The Earth has warmed globally by more
than one degree Celsius since pre-industrial times. All components of the climate
system are affected — oceans, ice, atmosphere, land, and biosphere. Changes are
detectable in a wide range of climate indicators and the evidence is clear from obser-
vations. Moreover, extreme weather events are becoming more frequent and intense,
with increasing risks and damaging impacts on the environment and society.

Attribution science identifies the drivers of climate change by separating natural
causes from human-induced causes based on characteristic signatures, so-called
fingerprints. Global warming can be clearly attributed to increasing concentrations of
greenhouse gases in the atmosphere, mainly due to the burning of fossil fuels. It is
unequivocal that human activities are the major cause.

Extreme event attribution provides information on the influence of human-induced
climate change on extreme weather events in terms of probability, severity, and im-
pact risks. It has revealed that many of the recent extremes would have been nearly
impossible without human-induced climate change.

Here, we briefly review the current state of knowledge on climate change, its im-
pacts and the attribution of causes. We discuss the challenges and limitations in at-
tribution as well as recent progress toward operational attribution. Attribution studies
are found essential for understanding human impacts of climate change. They pro-
vide vital information for adaptation and mitigation to climate change, for climate
risk assessment and for climate litigation.

1 Introduction to climate change

It is unequivocal that human influence has warmed the atmosphere, ocean and land. Wide-
spread and rapid changes in the atmosphere, ocean, cryosphere and biosphere have occurred.
Human-induced climate change is already affecting many weather and climate extremes in eve-
ry region across the globe.!

1 Intergovernmental Panel on Climate Change (IPCC), 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 (Cambridge University Press 2021).
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These are key statements of the Intergovernmental Panel on Climate Change (IPCC)
on the current state of the Earth’s climate and the urgency of action. In 2021, Work-
ing Group I (WGI) of the IPCC published the first part of its sixth Assessment Re-
port (AR6) on the physical state of the climate.> Main findings are condensed in the
summary for policymakers.

Long-term climate observations show that global warming has reached 1.1°C in
2021 relative to the pre-industrial 1850-1900 average.* Beyond warming, changes are
consistently measured in a range of climate indicators as all domains of the climate
system — land, ocean, cryosphere, atmosphere, biosphere — are affected by global
change. These indicators include the composition of the atmosphere, temperature and
energy changes that arise from the accumulation of greenhouse gases and other fac-
tors, as well as the responses of land, oceans and ice. The scale and pace of recent
changes across the climate system are unprecedented over many centuries to many
thousand years shown in Fig. 1.5 In 2021, the world remains on course to exceed the
agreed temperature thresholds of either 1.5°C or 2°C above pre-industrial levels.
Unless deep reductions in greenhouse gas emissions occur in this decade, the risk of
harmful effects of climate change will increase beyond what we already experience.®

2 IPCC, 2021 (n ).

3 IPCC, Summary for policymakers. Climate change 2021: The physical science basis. Contri-
bution of Working Group I to the Sixth Assessment Report of the Intergovernmental Panel on
Climate Change (IPCC 2021 SPM) (Cambridge University Press 2021).

4 World Meteorological Organization (WMO), ‘United in Science 2021 — a multi-organization
high-level compilation of the latest climate science information’ <https://public.wmo.int/en/
resources/united_in_science> last accessed 5 January 2022.

5 IPCC, 2021 SPM (n 3).

6 WMO, United in Science (n 4).
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Changes in global surface temperature relative to 1850-1900

a) Change in global surface temperature (decadal average) b) Change in global surface temperature (annual average) as observed and
as reconstructed (1-2000) and observed (1850-2020) simulated using human & natural and only natural factors (both 1850-2020)
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Figure 1. (a) Changes in global surface temperature reconstructed from paleoclimate archives (solid
grey line, 1-2000) and from direct observations (solid black line, 1850-2020), both relative to 1850-
1900. (b) Changes in global surface temperature as observed (black line) relative to 1850-1900,
simulated from climate models using both human and natural drivers (dark grey) and only natural
factors (light grey). Natural only factors cannot explain current climate change.”

In a stable climate, the amount of incoming energy from the sun is in balance with
the amount lost to space in the form of reflected sunlight and outgoing thermal radia-
tion from the Earth. Naturally, greenhouse gases trap heat in the atmosphere and
make our Earth a habitable planet. But fast increasing concentrations of atmospheric
greenhouse gases (Fig. 1) from emissions due to human activities are causing a net
energy increase in the climate system, which heats up the Earth’s atmosphere, land,
and oceans.®

About 90% of the accumulated heat in the Earth system is stored in the ocean. Sea
surface temperatures are increasing with recent record warming observed in the up-
per oceans. Global warming has triggered the melting of the world’s large ice sheets
and glaciers at an increasing pace over the recent decades. Arctic sea ice is shrinking
rapidly. Global average sea level has risen by about 20 cm since 1900 via thermal
expansion of seawater due to ocean warming and due to ice melt. The rate of sea
level rise has further accelerated since the beginning of this century, and some of the
observed changes might be irreversible.” Moreover, increased uptake of carbon diox-

7 IPCC, 2021 SPM (n 3) Figure SPM.1.

8 E.g., Karina von Schuckmann et al., ‘Heat stored in the Earth system: Where does the energy
g0?’ (2020) 12 Earth Syst. Sci. Data 2013-2041, <doi:10.5194/essd-12-2013-2020> accessed
15 March 20022; Andrea K Steiner et al., ‘Observed temperature changes in the troposphere
and stratosphere from 1979 to 2018 (2020) 33 Journal of Climate 8165-8194,
doi:10.1175/JCLI-D-19-0998.1.

9 WMO, United in Science (n 4).
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ide by the oceans has led to acidification that endangers marine species and ecosys-
tem services.!'?

Climate change is also a growing global threat to biodiversity, ecosystems, and
human well-being. Widespread impacts in many aspects of biodiversity comprise
species extinction, distribution and range shifts, phenology, productivity and ecosys-
tem function.!! Observations show that the effects are accelerating in marine, terres-
trial and freshwater ecosystems and are already impacting agriculture, aquaculture,
and fisheries.!?

Human health and mortality are affected by, e.g., water-borne and vector-borne
diseases, and food insecurity through increasing temperatures, changing precipitation
patterns, and more frequent and intense extreme weather events that bring about
droughts, fires, and floods. !

Evidence for human-induced climate change is provided, first, by long-term ob-
servations of climate variables that are critical for monitoring climate. Second, detec-
tion studies demonstrate whether statistically significant long-term trends are detect-
able in observed changes, different from natural climate variability. Finally, attribu-
tion studies are essential to assess the drivers of climate change and determine
whether change is due to natural or human-induced causes. Advances in attribution
science have made it possible to attribute the drivers of climate change and the
changing risks of extreme weather events, triggered by a growing interest in integrat-
ing attribution outcomes for effective climate change adaptation and mitigation.

We give a brief overview of the status of attribution science in Section 2, includ-
ing attribution of long-term climate trends and of extreme weather events. We dis-

10 Jelle Bijma et al., ‘Climate change and the oceans — what does the future hold?” (2013) 74
Marine Pollution Bulletin 495-505, https://doi.org/10.1016/j.marpolbul.2013.07.022.

11 Gian-Reto Walther et al.,, ‘Community and ecosystem responses to recent climate change’
(2010) 365 Philosophical Transactions of the Royal Society B: Biological Sciences 2019-
2024, https://doi.org/10.1098/rstb.2010.0021; Céline Bellard et al., ‘Impacts of climate change
on the future of biodiversity’ (2012) 15 Ecology Letters 365-377, <https://doi.org/10.1111/
j-1461-0248.2011.01736.x> accessed 22 March 2022; Akira S Mori et al., ‘Biodiversity-
productivity relationships are key to nature-based climate solutions’ (2021) 11 Nature Climate
Change 543-550, https://doi.org/10.1038/s41558-021-01062-1.

12 Intergovernmental Science-Policy Platform on Biodiversity (IPBES), ‘Global assessment
report on biodiversity and ecosystem services’ (IPBES 2019) <https://ipbes.net/global-
assessment> last accessed 5 January 2022.

13 IPCC, Climate change and land: An IPCC special report on climate change, desertification,
land degradation, sustainable land management, food security, and greenhouse gas fluxes in
terrestrial ecosystems (Cambridge University Press 2019); Nick Watts et al., ‘The 2020 report
of The Lancet countdown on health and climate change: Responding to converging crises’
(2021) 397 The Lancet 129-170, <https://doi.org/10.1016/S0140-6736(20)32290-X> accessed
15 March 2022; Ana Maria Vicedo-Cabrera et al., “The burden of heat-related mortality at-
tributable to recent human-induced climate change’ (2021) 11 Nature Climate Change 492-
500, <https://doi.org/10.1038/s41558-021-01058-x> accessed 28 March 2022.
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cuss the challenges in attribution science in Section 3 and provide a short summary
and conclusions in Section 4.

2 Status of attribution science
2.1  Attribution of the causes of climate change

Attribution is the process of identifying the drivers of the observed change in climate
variables or in extreme weather events. The observed climate change is separated
into components that can be explained by natural variability (including internal vari-
ability generated within the climate system) and components that result from changes
external to the climate system.!* Natural variability comprises internal variability like
temperature oscillations and external drivers like solar and volcanic influences. Fac-
tors due to human activities include increases in greenhouse gas concentration and
aerosols, and land-use change.

The different climate drivers cause characteristic climate change signatures, so-
called fingerprints. For the attribution of long-term changes, usually, observations
and model simulations are used, the latter driven by different forcings. Fingerprint
studies evaluate the spatial, temporal, or space-time patterns of response (finger-
prints) to external forcings from climate model simulations, whether these finger-
prints agree in the observations and whether they are stronger than natural variability.
This enables to determine the causal factors of climate change and the uncertainty in
the magnitude of this fingerprint in observations.'* Klaus Hasselmann first developed
these basic attribution methods, and already 50 years ago, Syukuro Manabe predicted

14 E.g., Gabriele C Hegerl and Francis W Zwiers, ‘Understanding and attributing climate
change’, in IPCC, Climate change 2007: The physical science basis. Contribution of Working
Group 1 to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change
(Cambridge University Press 2007); Gabriele C Hegerl and Francis W Zwiers, ‘Use of models
in detection and attribution of climate change’ (2011) 2 WIREs Climate Change 570-591,
https://doi.org/10.1002/wcc.121; Bruce Hewitson et al., 2014: Regional Context, In: Climate
Change 2014: Impacts, Adaptation, and Vulnerability. Part B: Regional Aspects. Contribution
of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on Cli-
mate Change (Cambridge University Press 2014).

15  Klaus Hasselmann, ‘Optimal fingerprints for the detection of time-dependent climate change’
(1993) 6 Journal of Climate 1957-1971 <https://doi.org/10.1175/1520-0442(1993)006<1957:
OFFTDO>2.0.CO;2> accessed 11 March 2022; Klaus Hasselmann, ‘Multi-pattern fingerprint
method for detection and attribution of climate change’ (1997) 13 Climate Dynamics 601-611
<https://doi.org/10.1007/s003820050185> accessed 11 March 2022; Gabriele C Hegerl et al.,
‘Multi-fingerprint detection and attribution analysis of greenhouse gas, greenhouse gas-plus-
aerosol and solar forced climate change’ (1997) 13 Climate Dynamics 613-634 at
<https://doi.org/10.1007/s003820050186> accessed 11 March 2022.
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the human-caused fingerprint on atmospheric temperature change!¢; both are Nobel
Laureates of 2021.

Over the past decades, unequivocal changes have been detected in the climate sys-
tem, and attribution studies have shown that natural factors alone cannot explain the
changes observed since the pre-industrial period. Human activities have been clearly
identified as the main responsible factors for the observed climate change. Figure 1b
clearly shows that the observed change in global average surface temperature can
only be explained by human-induced and natural factors together.!” Human finger-
prints on climate are ubiquitous and have been identified in a range of climate varia-
bles beyond temperature. '8

Moreover, investigating the relative contributions of different human-induced
forcings, i.e., carbon dioxide, other greenhouse gases, and anthropogenic aerosols,
shows that greenhouse gas warming is even partly masked by cooling due to aerosol
emissions (Fig. 2). According to the IPCC (2021), the global surface temperature rise
of 1.1°C since 1850-1900 (Fig. 2a) is mainly driven by well-mixed greenhouse gases,
which contribute to a warming of 1.0°C to 2.0°C, while other human drivers (mainly
aerosols) contribute a cooling of 0.0°C to 0.8°C (Fig. 2b-c). Natural drivers and in-
ternal variability only had a minor effect on the global surface temperature within —
0.2°C to 0.2°C."°

16  Syukuro Manabe and Richard T Wetherald, ‘Thermal equilibrium of the atmosphere with a
given distribution of relative humidity’ (1967) 24 Journal of the Atmospheric Sciences 241-
259 <https://doi.org/10.1175/1520-0469(1967)024<0241: TEOTAW>2.0.CO;2> accessed 11
March 2022.

17 IPCC 2021 SPM (n 3).

18 E.g., Benjamin D Santer et al., ‘Identification of human-induced changes in atmospheric
moisture content’ (2007) 104 Proceedings of the National Academy of Sciences 15248-15253
<https://doi.org/10.1073/pnas.0702872104> accessed 11 March 2022; Benjamin D Santer et
al., ‘Human influence on the seasonal cycle of tropospheric temperature’ (2018) 361 Science
227 <https://doi.org/10.1126/science.aas8806> accessed 11 March 2022; Peter A Stott et al.,
‘Detection and attribution of climate change: a regional perspective’ (2010) 1 WIREs Climate
Change 192-211 <https://doi.org/10.1002/wcc.34> accessed 11 March 2022; Jianping Duan et
al., ‘Detection of human influences on temperature seasonality from the nineteenth century’
(2019) 2 Nature Sustainability 484-490 <https://doi.org/10.1038/s41893-019-0276-4> ac-
cessed 11 March 2022; Gabriele C Hegerl et al., ‘Causes of climate change over the historical
record’ (2019) 14 Environmental Research Letters 123006 <https://doi.org/10.1088/1748-
9326/ab4557> accessed 11 March 2022; Céline JW Bonfils et al., ‘Human influence on joint
changes in temperature, rainfall and continental aridity’ (2020) 10 Nature Climate Change
726-731 <https://doi.org/10.1038/s41558-020-0821-1> accessed 11 March 2022.

19 Nathan P Gillett et al., ‘Constraining human contributions to observed warming since the pre-
industrial period’ (2021) 11 Nature Climate Change 207-212 <https://doi.org/10.1038/s41558-
020-00965-9> accessed 11 March 2022; IPCC, 2021 SPM (n 3).
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Observed warming Contributions to warming based on two complementary approaches
a) Observed warming b) Aggregated contributions to c) Contributions to 2010-2019
2010-2019 relative to 2010-2019 warming relative to warming relative to 1850-1900,
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Figure 2. (a) Observed warming in the climate system, (b) total human-induced warming due to
aggregated contributions of well-mixed greenhouse gases and other human drivers (mainly aero-
sols), natural drivers, and internal forcing, (¢) individual contributions of different anthropogenic
forcings.?0

2.2 Attribution of extreme weather and climate events

Extreme events are rare by definition, and the extent to which climate change influ-
ences an individual weather or climate event is more difficult to determine. The chal-
lenge is to estimate how much human-induced climate change has affected the mag-
nitude of a particular event or the probability of its occurrence. Event attribution uses
mainly two approaches for estimating changes in probability and magnitude of ex-
treme events, on the one hand analysing long-term observational records, on the
other hand utilising model simulations for a world with human-caused climate
change to a counterfactual world without human-caused climate change.?!

20 IPCC, 2021 SPM (n 3) Figure SPM.2.

21  Peter Stott et al., ‘Attribution of extreme weather and climate-related events’ (2016) 7 WIREs
Climate Change 23-41 <https://doi.org/10.1002/wcc.380> accessed 11 March 2022; National
Academies of Sciences, Engineering and Medicine (NAS), ‘Attribution of extreme weather
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Confidence for attribution findings is greatest for those extremes that are related to
temperature, such as the observed long-term warming, where human-caused changes
are clear.?? Changes in temperature extremes thus have a more robust basis, and also
atmospheric moisture as the water-holding capacity of a warmer atmosphere increas-
es at a rate of 7% per degree Celsius.

A range of attribution studies has provided quantitative estimates of anthropogenic
contributions to changes in temperature extremes? and precipitation extremes?*
globally for different regions. Changes in extremes are already affecting most regions
across the globe. Human influence contributes to the observed increase in hot ex-
tremes and heavy precipitation (Fig. 3) though for the latter, attribution is more diffi-
cult due to the lack of reliable climate data and limited local research capacities,
particularly in the global south.?’

events in the context of climate change’ (NAS 2016) <https://bit.ly/3Dkt7WV> accessed 28
March 2022.

22 NAS 2016 (n 21).

23 E.g., Siyan Dong et al., ‘Observed changes in temperature extremes over Asia and their attrib-
ution” (2018) 51 Climate Dynamics 339-353 <https://doi.org/10.1007/s00382-017-3927-z>
accessed 11 March 2022; Yukiko Imada et al., ‘Climate change increased the likelihood of the
2016 heat extremes in Asia’ (2018) 99 Bulletin of the American Meteorological Society 97-
101 <https://doi.org/10.1175/BAMS-D-17-0109.1> accessed 11 March 2022; Chao Li et al.,
‘Widespread persistent changes to temperature extremes occurred earlier than predicted’
(2018) 8 Scientific Reports 1007 <https://doi.org/10.1038/s41598-018-19288-z> accessed 11
March 2022; Hong Yin, ‘Changes in temperature extremes on the Tibetan Plateau and their at-
tribution’ (2019) 14 Environmental Research Letters 124015 <https://doi.org/10.1088/1748-
9326/ab503¢> accessed 11 March 2022; Nikolaos Christidis et al., ‘The increasing likelihood
of temperatures above 30 to 40°C in the United Kingdom’ (2020) 11 Nature Communications
3093 <https://doi.org/10.1038/s41467-020-16834-0> accessed 11 March 2022.

24  E.g., Seung-Ki Min et al., ‘Human contribution to more-intense precipitation extremes’ (2011)
470 Nature 378-381 <https://doi.org/10.1038/nature09763> accessed 11 March 2022; Erich M
Fischer and Reto Knutti, ‘Anthropogenic contribution to global occurrence of heavy precipita-
tion and high-temperature extremes’ (2015) 5 Nature Climate Change 560-564
<https://doi.org/10.1038/nclimate2617> accessed 11 March 2022; Andrea J Dittus et al., ‘A
multiregion model evaluation and attribution study of historical changes in the area affected
by temperature and precipitation extremes’ (2016) 29 Journal of Climate 8285-8299
<https://doi.org/10.1175/JCLI-D-16-0164.1> accessed 11 March 2022; Megan C Kirchmeier-
Young and Xuebin Zhang, ‘Human influence has intensified extreme precipitation in North
America’ (2020) 117 Proceedings of the National Academy of Sciences
<https://doi.org/10.1073/pnas.1921628117> accessed 11 March 2022; Seungmok Paik et al.,
‘Determining the anthropogenic greenhouse gas contribution to the observed intensification of
extreme precipitation’ (2020) 47 Geophysical Research Letters €2019GL086875
<https://doi.org/10.1029/2019GL086875> accessed 11 March 2022; Siyan Dong et al., ‘At-
tribution of extreme precipitation with updated observations and CMIP6 simulations’ (2021)
34 Journal of Climate 871-881 <https://doi.org/10.1175/JCLI-D-19-1017.1> accessed 11
March 2022.

25  Friederike E L Otto et al., ‘Challenges to understanding extreme weather changes in lower
income countries’ (2020) 101 Bulletin of the American Meteorological Society E1851- E1860
<https://doi.org/10.1175/BAMS-D-19-0317.1> accessed 11 March 2022; IPCC 2021 SPM
(n 3).
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a) Synthesis of assessment of observed change in hot extremes and

confidence in human contribution to the observed changes in the world's regions
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b) Synthesis of assessment of observed change in heavy precipitation and
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Figure 3. (a) Observed increase in hot extremes and (b) heavy precipitation, with confidence in
human contribution indicated (dots). Each hexagon corresponds to one of the IPCC AR6 WGI
reference regions.?®

In the case of dynamically driven extremes that are modulated by atmospheric circu-
lation and feedbacks, alternative approaches are made. Conditional attribution re-
gards the circulation regime as being largely unaffected by climate change (given
condition) and asks the question whether known changes in the thermodynamic state
affected the impact of the particular event.?” The confidence in attribution analyses of
specific extreme events (Fig. 4) is highest for extreme heat and cold events, followed
by drought and heavy precipitation, while confidence is low in the attribution of
cyclones and tropical storms.?

26 IPCC 2021 SPM (n 3) Figure SPM.3a.

27  Kevin E Trenberth, John D Fasullo and Theodore G Shepherd, ‘Attribution of climate extreme
events’ (2015) 5 Nature Climate Change 725-730; NAS 2016 (n 21).

28 NAS 2016 (n 21).
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Figure 4. The state of attribution science for different extreme event types. In the horizontal, the
level of understanding of the effect of climate change on the event type is reflected. In the vertical,
the scientific confidence is reflected for attribution of specific events to anthropogenic climate
change for that event type.?’

Providing rapid information on extreme events with large impacts around the world
is the aim of the World Weather Attribution (WWA), an international collaboration
of climate scientists since 2015.3° Attribution studies of recent major extreme events
in 2021 showed that the heatwave in the Pacific Northwest of America in June and
July 2021 is very rare in today’s climate but would have been virtually impossible

29 NAS 2016 (n 21) Figure S.4.
30 Geert J van Oldenborgh et al., ‘Pathways and pitfalls in extreme event attribution’ (2021) 166
Climatic Change 13 <https://doi.org/10.1007/s10584-021-03071-7> accessed 11 March 2022.
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without climate change. For the western Europe flood event, the heavy rainfall was
found more likely due to climate change.’!

From 1970 to 2019, over 22,326 disasters worldwide were recorded by the World
Meteorological Organization (WMO), 11000 of which were attributed to weather,
climate and water-related hazards. Most disaster-related human losses were caused
by tropical cyclones (38%) and droughts (34%), while most economic losses were
associated mainly with different types of floods (62%) and tropical cyclones (38%).%
These impact numbers show that systematic attribution of losses to the underlying
hazard and information on risks is crucial for society.

3 Challenges in attribution studies

Challenges in attribution science arise from the use of observational data and climate
model simulations, both of which are subject to uncertainty, and from methodologi-
cal approaches and limitations for different types of climate variables and events.

3.1  Climate change indicators and climate variables

Climate variables that are mainly driven by thermodynamics are robust indicators for
the detection and attribution of human-induced climate change, such as temperature,
sea level, large-scale precipitation patterns, arctic sea-ice extent, glacier extent, or
upper-ocean heat content (Fig. 5 a-b). The changes are consistently found in observa-
tions, theory and climate model simulations.>* Both our understanding and confi-
dence on attribution findings for extreme events resulting from those variables are
high (Fig. 4), although detectability and robustness decrease at regional scales.
Changes in dynamically driven climate variables (such as storm tracks, jet
streams, or monsoons) are not detectable yet and/or less robust across observations,
theory, and models, especially at regional scales where dynamics takes control.*
Circulation-driven climate variables have larger variability (Fig. 5 c-d), resulting in a

31  World Meteorological Organization (WMO), ‘State of the global climate 2021: WMO provi-
sional report (WMO 2021) <https://library.wmo.int/index.php?lvl=notice_display&id=21982>
accessed 5 January 2022.

32 World Meteorological Organization (WMO), ‘WMO atlas of mortality and economic losses
from weather, climate and weather extremes (1970-2029)’ (WMO 2020) <https://library.wmo.
int/index.php?lvl=notice_display&id=21930#.YdWO0g2jMI2w> accessed 5 January 2022.

33 Theodore G Shepherd, ‘Atmospheric circulation as a source of uncertainty in climate change
projections’ (2014) 7 Nature Geoscience 703-708 <https://doi.org/10.1038/nge02253> ac-
cessed 11 March 2022.

34 Shepherd (n 33).
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low signal-to-noise ratio and hindering trend detection.®® Thus, confidence is lower
in atmospheric circulation aspects of climate change.
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Figure 5. Observed changes in thermodynamic-driven climate indicators: (a) global annual mean
surface temperature anomaly, (b) Arctic summer sea-ice extent, and in dynamically-driven indica-
tors: (¢) Southern Oscillation Index, (d) Indian summer monsoon rainfall.3¢

35  Shepherd (n 33); Trenberth et al. (n 27).
36  Shepherd (n 33) Figure 1.
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32 Observational records

Consistent long-term observations with appropriate spatial coverage and adequate
temporal resolution are an important prerequisite for detection and attribution stud-
ies. However, this is still challenging for certain indicators and regions. Observations
can be sparse in space, for example in the oceans, over remote land regions, or in
continental regions of the global south. Observations can be short in time or may not
have the required temporal resolution. Observational records are affected by meas-
urement errors, sampling and representation uncertainties, and inhomogeneities, e.g.,
due to changes in observing location or instrument types.

A range of statistical techniques and homogenisation methods is applied for estab-
lishing homogeneous observational time series with spatio-temporal gridding. How-
ever, different algorithms for the construction of time series and gridded data sets
may lead to differences in detected changes and attribution results. Besides improv-
ing methods and continuous quality control, providing information on metadata and
uncertainties is crucial. Improving spatial coverage, temporal resolution and overall
data quality would be beneficial to attribution science. Increasing the number of
observations and establishing infrastructures in data sparse regions, such as the glob-
al south, are extremely important as these regions are also particularly vulnerable to
climate impacts.

33 Climate model simulations

Climate model simulations are an indispensable tool in almost all attribution studies.
Since models are only a limited representation of the real world, it is critical to eval-
uate if they fit the respective purpose. Important aspects are that the underlying phys-
ics and meteorology are reasonably represented in the model, and that major global
and local forcings are accounted for to yield realistic trends. Because many attribu-
tion methods rely on estimating event probabilities or distributions of events, models
should have the skill to represent the extremes of interests and/or the climatology of
an event class.’” The statistics of modelled extreme events should match statistics of
observed extremes.*®

Most studies use atmosphere-only or coupled global climate models, regional cli-
mate models, or models constructed to represent a specific phenomenon.* Large
ensembles or long experiments of multiple climate models are needed. Considering
model uncertainties, properly accounting and correcting for model errors in simulat-

37 E.g.,NAS 2016 (n21).
38  Van Oldenborgh et al. (n 30).
39 NAS 2016 (n21).
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ing the probabilities of extreme event occurrences enables more reliable attribution
of extreme weather and climate events.*® Performance-based model selection might
also aid attribution science.*!

Attribution results can be sensitive to framing of the study, the choice of observa-
tions, the type of climate models, the number of ensemble members, and methodo-
logical choices. Hauser et al.*> demonstrated this for the case of the 2015 European
summer drought deriving contradicting conclusions on the relevance of human influ-
ence depending on the chosen data source and event attribution methodology. Ap-
propriate framing and conditioning of the attribution question is thus crucial.*’

Main pitfalls and challenges to overcome in extreme event attribution include the
selection and definition of the event, analysis of observed probability and trends,
climate model evaluation and analysis of modelled hazard trends, synthesis of the
attribution of the hazard, analysis of trends in vulnerability and exposure, and com-
munication.** A multi-model and multi-method framework in event attribution re-
search is therefore crucial, especially for events with a low signal-to-noise ratio and
high model dependency.®

Figure 6 illustrates synthesis plots for interpreting attribution results as an exam-
ple. For the case of extreme precipitation in Fig. 6a, all model results agree well with
each other and with observations, and the weighted mean is used as the attribution
result. In the second case (Fig. 6b), there are discrepancies among models and a larg-
er model spread, which must be reflected in the uncertainty statement of the attribu-
tion result. No attribution can be made for the storm case (Fig. 6¢) because the mod-
elled trend is clearly inconsistent with the observed trend.

Overall, in many cases, a consistent message and solid scientific results are found
from the attribution study. In many cases, however, the quality of the available ob-
servations or models is not good enough to make a statement about the influence of
climate change on the event in question.*

40  Omar Bellprat et al., ‘“Towards reliable extreme weather and climate event attribution’ (2019)
10 Nature Communications 1732 <https://doi.org/10.1038/s41467-019-09729-2> accessed 11
March 2022.

41  Veronika Eyring et al., ‘Towards improved and more routine Earth system model evaluation
in CMIP’ (2016) 7 Earth System Dynamics 813-830 <https://doi.org/10.5194/esd-7-813-
2016> accessed 11 March 2022.

42  Mathias Hauser et al., ‘Methods and model dependency of extreme event attribution: The
2015 European drought’ (2017) 5 Earth’s Future 1034-1043 <https://doi.org/10.1002/
2017EF000612> accessed 11 March 2022

43  E.g., Daithi Stone, Suzanne M Rosier and David J Frame, ‘The question of life, the universe
and event attribution’ (2021) 11 Nature Climate Change 276-278 <https://doi.org/10.1038/
s41558-021-01012-x> accessed 11 March 2022.

44  Otto et al. (n 25); Van Oldenborgh et al. (n 30).

45  Hauser et al. (n 42).

46  Van Oldenborgh et al. (n 30).
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Figure 6. Synthesis of attribution results from observations, models, and the average for three
studies (a) probability ratio of extreme precipitation in April-June over the Seine basin, (b) intensity
of extreme precipitation on the Gulf coast, (¢) probability ratio for changes in wind intensity over
the region of storm Friederike on 18 January 2018.47

47 Ibid Figure 5.
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4 Summary and conclusions

Climate change is progressing rapidly in all components of the climate system. The
evidence is clear from observations. Significant trends and changes have been detect-
ed, warming of the land, oceans, and atmosphere to rising sea levels and melting ice.
Extreme weather and climate events are becoming more frequent and intense in a
warmer climate. Changes in extremes are already affecting most regions around the
globe.

Identifying the drivers of the observed change, attribution studies have shown that
natural factors alone cannot explain the rapid changes observed in the climate sys-
tem. Human activities have been clearly identified as the main responsible factors for
the observed climate change due to increasing greenhouse gas emissions from the
burning of fossil fuels and other activities. Human fingerprints are ubiquitous and
have been identified in a range of climate variables beyond temperature.

Confidence in attribution results is greatest for those changes and extremes that
are related to temperature, such as observed long-term warming or the increase in hot
extremes, where the evidence is clear on human-caused changes. Attribution for
circulation-driven changes and extremes is more challenging, and new methods and
approaches have been developed.

Extreme event attribution estimates the influence of human-induced climate
change on the probability and/or severity of an observed extreme weather or climate
event and the associated risk. While confidence in attribution of specific extreme
events is highest for extreme heat and cold events, followed by drought and heavy
precipitation, it is lower for cyclones and storms. Event attribution revealed that
many recent events would have been less severe, less likely, or virtually impossible
without human-induced climate change.

Challenges in attribution arise from the sensitivity of results to the framing of the
study, the choice of observations, the type of climate models, and methodological
choices, and simply from limitations and uncertainties of observations and climate
models. A key aspect is appropriately framing the attribution question in a multi-
model and multi-method framework.

Recent developments concern the clear definition of extreme events, not only in
terms of physical indicators but also in terms of criteria related to the impact of the
events. A series of thresholds are used, which combine meteorological extremes with
extreme loss of life or extreme economic losses. Although assessing the exposure
and vulnerability of systems is complex, there is a clear need to consider vulnerabili-
ties and impacts of extremes in event attribution. Driven by the public interest in
rapid information, efforts are underway to establish operational-scale attribution and
to further improve short-term climate predictions.

Climate and attribution science provide key information for a better understanding
of climate change, changing extremes, causes, and impact risks. Findings benefit
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society by providing a better understanding of extremes, information for decision-
making, and improving early warnings. Moreover, attribution science provides vital
information for mitigation and adaptation to climate change, for climate litigation
and climate action, and for raising awareness of current and future climate change
impacts.
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Abstract

The COVID-19 pandemic required states to overcome several soft constraints that
also stand in the way of effective climate action. This suggests that, contrary to a
common line of thought in the climate debate, effective actions to address climate
change are feasible. Yet two particularly robust soft constraints remain. They can be
shown to be most significant for climate mitigation and less relevant for pandemic
and climate adaptation policies. We call them ‘geopolitical constraints’ and ‘proximi-
ty constraints’. The latter divide into spatial and temporal proximity constraints. We
argue that states might, indeed, succeed in addressing geopolitical constraints on
effective climate action. But temporal proximity constraint remains a robust con-
straint on long-term global climate policies. This partly explains why climate mitiga-
tion policies have been less than successful. The chapter shows that the more a policy
requires strong international cooperation and strong transgenerational cooperation for
the benefit of future generations, the harder it is to address the relevant constraints.
We argue that overcoming temporal proximity constraints requires primarily changes
in institutional design, both at domestic and international levels, rather than changes
in human psychology.

1 Introduction

After over thirty years of international climate negotiations, greenhouse gas emis-
sions have increased rather than decreased. This has led some authors and policy-
makers to wonder whether climate goals are politically feasible. After all, one might
suggest that, in most parts of the world, politicians could not realistically expect to
enforce the economic burdens, the limitation of basic freedoms, and changes in life-
styles that effective climate policy is likely to require in time to avert dangerous
climate change. Even the authors of the 2018 IPCC (Intergovernmental Panel on
Climate Change) report were reticent as to the feasibility of climate goals: ‘There is
no single answer to the question of whether it is feasible to limit warming to 1,5°C
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and adapt to the consequences’.! However, as we intend to show in this chapter,
these doubts about the political feasibility of climate goals have been challenged after
the emergence of the new coronavirus (SARS-CoV-2) in 2019.

All over the world, states and civil society have been implementing drastic
measures to limit the spread of a new disease (COVID-19, or simply COVID). These
measures, unprecedented in recent world history, resemble the war effort during
WWI and WWIL. In order to cope with the pandemic, states (whether or not under
democratic rules) had to intervene in very sensitive and critically important areas of
social life concerning, for instance, freedom of movement and association, right to
privacy and education, as well as the right to run a business and serve customers
without imposing on them burdens such as social-distancing or the compulsory use
of face masks. During the pandemic, states also had to introduce special rules for
access to scarce resources such as food, medicine, and medical care. In 2020 and
2021, many states provisionally closed their borders, sometimes more than once, and
forced airlines to ground long-distance flights, which indirectly led to a 7% reduction
of COz concentration in the atmosphere in 2020, even if only temporarily.

The current pandemic crisis seems to show, then, that at least some of the most
important measures necessary to counter climate change are, indeed, politically fea-
sible. But in spite of mounting evidence that unmitigated climate change is unsus-
tainable, as the further accumulation of greenhouse gases in the atmosphere is likely
to have consequences even more harmful than the current pandemic has already had,
governments and civil society have been far less engaged in adopting drastic
measures to avert dangerous climate change. How can we then account for the dis-
parity between the drastic and foreseeably effective efforts behind the pandemic
crisis, on the one hand, and the lack of such measures to address climate change, on
the other? In order to answer this question, we draw a distinction between ‘hard con-
straints’ and ‘soft constraints’, now common in the philosophical debate on political
feasibility.?

1 Intergovernmental Panel on Climate Change (IPCC), Global warming of 1.5°C. An IPCC
special report on the impacts of global warming of 1.5°C above pre-industrial levels and re-
lated global greenhouse gas emission pathways, in the context of strengthening the global re-
sponse to the threat of climate change, sustainable development, and efforts to eradicate pov-
erty (Valérie Masson-Delmotte et al. (eds), IPCC, 2018) 32 <www.ipcc.ch/sr15/> accessed 3
December 2021.

2 Pierre Friedlingstein et al., ‘Global carbon budget 2020° (2020) 12 Earth System Science Data
3269.

3 Pablo Gilabert and Holly Lawford-Smith, ‘Political feasibility: A conceptual exploration’
(2012) 60 Political Studies 809; Jessica Jewell and Aleh Cherp, ‘On the political feasibility of
climate change mitigation pathways: Is it too late to keep warming below 1.5°C?’ (2020) 11
WIREs Climate Change e621; Dominic Roser, ‘Climate justice in the straitjacket of feasibil-
ity” in Dieter Birnbacher and May Thorseth (eds), The politics of sustainability: philosophical
perspectives (Routledge 2015); Eva Erman and Niklas Moller, ‘A world of possibilities: The
place of feasibility in political theory’ (2020) 26 Res Publica 1.
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If one or more actors have G as a goal, two different kinds of obstacles may stand in
the way of achieving G. Some obstacles cannot be overcome through social policies,
institutional design, or human decision-making because the obstacles relate, for in-
stance, to the principles of logic, or the laws of nature, or the availability of natural
resources. Human beings can, for example, devise policies to develop a vaccine for
the new coronavirus (goal G), but the laws of chemistry and physics that apply to G
cannot be altered by means of policy-making. The laws of chemistry, thus, represent
a ‘hard constraint’ on the feasibility of G. Hard constraints, in this regard, impose a
binary value on the feasibility of G.* If at least one hard constraint stands in the way
of G, G cannot be achieved. As far as hard constraints are concerned, G is either
feasible or not feasible. But even if no hard constraint stands in the way of G, ‘soft
constraints’ may still represent an obstacle to its achievement. Unlike hard con-
straints, soft constraints relate to some aspects of human life that, at least in principle,
can be changed by means of social policies and institutional design. Soft constraints
are ‘malleable’: actors can succeed in achieving G depending on their capacity to
overcome, for example, socio-cultural, economic, moral, legal, political, or techno-
logical constraints, or depending on their capacity to change lifestyles that prevent
them from achieving G. Soft constraints impose a scalar (rather than binary) value on
the feasibility of G. Some goals, thus, are more feasible than others. In what follows,
when we talk about constraints, we only mean soff constraints, unless we explicitly
state otherwise.

We assume that there are neither hard constraints on the feasibility of successful
efforts to mitigate the consequences of the COVID pandemic (even assuming that
COVID is likely to remain endemic in many parts of the world) nor are there hard
constraints on the feasibility of efforts to avert dangerous climate change within the
next 30 years. Accordingly, the question we intend to answer is: What are the soft
constraints on the feasibility of successful action to address the COVID pandemic on
the one hand and climate change on the other, and how strong are they? We call the
first set of policy goals ‘pandemic goals’ (PG) and the second set ‘climate goals’
(CG). Which soft constraints stand in the way of PG and CG, and how malleable are
they? In order to address these questions, we introduce a distinction that is central for
the analysis of strategies responding to climate change but that has been largely over-
looked in the current pandemic debate, namely the distinction between adaption and
mitigation measures. Since these categories apply equally to both PG and CG, one
can distinguish four types of policies, as shown in the table below (see table 1).

4 Gilabert and Lawford-Smith (n 3) 813; Roser (n 3) 75; Erman and Mdller (n 3) 7.
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Table 1

Pandemic Goals Climate Goals

Adaptation | Soft constraints on the feasibility | Soft constraints on the feasibil-
of actions to reduce the harmful | ity of measures that increase
impacts of an ongoing pandemic | the ability of human and natu-
and its long-term consequences | ral systems to adjust to actual
(‘constraints on P-4 policies’) or projected climate change
and its impacts, and by doing
so, to limit harm and damage
(‘constraints on C-4 policies’)
Mitigation | Soft constraints on the feasibility | Soft constraints on the feasibil-
of measures to reduce the causes | ity of actions to reduce green-
of pandemic occurrence, thereby | house gas emissions and en-
preventing the occurrence of | hance sinks, thereby preventing
pandemics as much as possible | harm and damage as much as
(‘constraints on P-M policies’) possible. (‘constraints on C-M
policies’)s

In the pandemic debate, the word mitigation is used to refer to two different kinds of
strategies: on the one hand, it is used to refer to health policies that aim at mitigating
the underlying causes of new disease outbreaks, which can eventually lead to the
emergence of a pandemic; on the other, it is also used to refer to health policies that
are deployed to mitigate the consequences of a pandemic that has already emerged.
In order to avoid confusion, we speak of pandemic adaptation in order to refer to
policies that are implemented to reduce the harmful impacts of an ongoing pandemic
and its long-term consequences.’

5 Barry Smit et al., ‘The science of adaptation: A framework for assessment’ (1999) 4 Mitiga-
tion and Adaptation Strategies for Global Change 199, 200; Richard J T Klein et al., ‘Inter-
relationships between adaptation and mitigation’ in Martin L Parry et al. (eds), Climate
change 2007: Impacts, adaptation and vulnerability. Contribution of Working Group II to the
Fourth Assessment Report of the Intergovernmental Panel on Climate Change (Cambridge
University Press 2007) 745, 748-50; IPCC, Sixth Assessment Report, Working Group I (Final
Government Distribution 2021) 3886.

6 Cf. Klein et al. (n 5) 750; IPCC, 2021 (n 5) 3922.

7 In the scientific literature on pandemics, there are hardly any working definitions for the terms
mitigation and adaptation. Often, only the term mitigation is used, which then also describes
measures that should be counted as adaptation measures according to the distinction between
mitigation and adaptation established in the climate change literature. However, when the term
adaptation is explicitly defined in the scientific literature on pandemics, the definition is simi-
lar or congruent with the definition in the scientific literature on climate change. See Jamison
Pike et al., ‘Economic optimization of a global strategy to address the pandemic threat’ (2014)
111 Proceedings of the National Academy of Sciences 18519; Anson TH Ma et al., ‘Protected
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Consider, for instance, some of the legal, political, economic, and even psychological
constraints that governments had to address in the course of 2020 and 2021 to ad-
dress the COVID pandemic. These were constraints on P-4, as the main goal of
governments, in this case, was not to mitigate the problems that may lead to the
emergence of a pandemic but to adapt themselves to a pandemic that had already
emerged. In order to contain the advance of new infections and to prevent an increase
in the number of excess deaths, governments had to enact emergency laws, impose
temporary restrictions on air travel and freedom of movement, and create new fiscal
policies to protect people who were unable to work, whether as employers or em-
ployees. Now, in order to address climate goals effectively, governments have to
address similar constraints (legal, political, economic, and even psychological con-
straints), though not temporarily as in the case of P-4, but over a longer period of
time (or perhaps even indefinitely). Moreover, in addition to these constraints, gov-
ernments will also have to address geopolitical constraints. In this chapter, we show
that geopolitical and proximity constraints are particularly difficult to overcome.
Global preparedness for pandemics (a kind of P-M policy), as we will see in more
detail later, also compels governments to address legal, political, economic, and
geopolitical constraints. But not all constraints apply equally to measures to reduce
the causes of pandemic occurrence and to reduce greenhouse gas emissions. With
regard to the constraints that need to be overcome, C-M policies are different from P-
M policies. The feasibility of C-M depends in particular on transgenerational cooper-
ation, which will benefit future generations. According to the Paris Agreement (entry
into force 4" of November 2016), in order to hold ‘the increase in the global average
temperature to well below 2°C above pre-industrial levels and [to pursue] efforts to
limit the temperature increase to 1.5°C above pre-industrial levels’ (Article 2), the
(as of November 2021) 193 parties of the agreement ‘aim to achieve a balance be-
tween anthropogenic emissions by sources and removals by sinks of greenhouse
gases in the second half of this century’ (Article 4), that is, they aim at what has been
dubbed climate neutrality by 2050.% This requires very far-reaching measures with
burdens and costs for those living today and over the next several generations, while
benefits due to the prevented worse impacts of climate change accrue mainly to those
in the more distant future. The relevant actors will have to be in a position to over-
come a kind of soft constraint we call ‘temporal proximity constraint’. This con-
straint does not significantly affect P-4, P-M, or C-A policies because they do not
require strong transgenerational cooperation for the benefit of future generations.

areas as a space for pandemic disease adaptation: A case of COVID-19 in Hong Kong’ (2021)
207 Landscape and Urban Planning 103994.

8 Paris Agreement (adopted 12 December 2015, entered into force 4 November 2016) UNTC
No 54113; the full text is available at <https://bit.ly/31JkyGw> accessed 28 March 2022.
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For the purpose of this chapter, we do not claim to have established all relevant con-
straints for each group of policies, that is P-4, P-M, C-A, and C-M. One could distin-
guish many different kinds of constraints. Some relate to technological challenges,
others to economic feasibility, still others to regime-specific political feasibility, e.g.,
the compatibility of being responsible for unpopular measures and being democrati-
cally re-elected,” and arguably also challenges related to influencing demographic
development.! We focus, instead, on what we argue are two particularly robust
kinds of constraints on the feasibility of both pandemic and climate goals, namely:
geopolitical constraints and proximity constraints.

2 Mitigation and adaptation goals

Pandemics are not natural disasters like earthquakes, tsunamis, or volcanic eruptions.
Pandemics, like climate change, have anthropogenic causes. It is well-known, for
instance, that illegal wet markets can lead to virus spillover and, thus, spark the out-
break of a pandemic. Wildlife trade and encroachment on the habitat of wild species
through deforestation (or through the fragmentation of forests) can also cause patho-
gens to spill over into human beings and, then, give rise to a pandemic. Improved
affordability of air travel and increased movement of people across borders, too,
contribute significantly to the rapid spread of new viruses.!! Over the last fifteen
years, the scientific community has called attention to the ever-increasing probability
of new outbreaks and the importance of coordinated efforts to pursue P-M on a glob-
al scale.!> P-M aims at preventing the occurrence of new outbreaks, especially

9 Kathryn Judge, ‘The federal reserve: A study in soft constraints’ (2015) 78 Law and Contem-
porary Problems 65; John Broome, ‘Efficiency and future generations’ (2018) 34 Economics
and Philosophy 221; Jonathan Symons, Ecomodernism: Technology, politics and the climate
crisis (Polity Press 2019).

10  Darrell Bricker and John Ibbitson, Empty planet: The shock of global population decline
(Broadway Books 2019); Mark Budolfson and Dean Spears, ‘Population ethics and the pro-
spects for fertility policy as climate mitigation policy’ (2021) The Journal of Development
Studies 1.

11 Johanna F Lindahl and Delia Grace, ‘The consequences of human actions on risks for infec-
tious diseases: A review’ (2015) 5 Infection Ecology & Epidemiology 30048; Andrew P Dob-
son et al., ‘Ecology and economics for pandemic prevention’ (2020) 369 Science 379; Jeff
Tollefson, ‘Why deforestation and extinctions make pandemics more likely’ (2020) 584 Na-
ture 175; Peter Daszak, ‘We are entering an era of pandemics — it will end only when we pro-
tect the rainforest’ The Guardian (28 July 2020) <https://bit.ly/3JPJXzI> accessed 28 March
2022.

12 Jamison Pike et al. (n 7); James R Clapper, ‘Statement for the record worldwide threat as-
sessment of the US Intelligence Community, 9 February’ (US Intelligence Community, 9 Feb-
ruary 2016) 13-14 <www.armed-services.senate.gov/imo/media/doc/Clapper 02-09-16.pdf>
accessed 3 December 2021; Daniel R Coats, ‘Statement for the record worldwide threat as-
sessment of the US Intelligence Community’ (US Intelligence Community, 29 November
2019) 21 <www.dni.gov/files/ODNI/documents/2019-ATA-SFR---SSCIL.pdf> accessed 3 De-
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through the implementation of Sustainable Development Goals (SDGs). If an out-
break does occur, P-M can attenuate the chances that an outbreak develops into a
pandemic.!® Seen in this light, it is clear that the measures to address the COVID
pandemic are not P-M, but P-4. These measures are primarily aimed at reducing the
impact of a disease that has already emerged and spread globally.

As early as 2005, Michael Osterholm argued that the world was unprepared for
pandemics, in spite of clear evidence that pandemics were likely to become more
frequent.'* In 2016, the American Intelligence Community (AIC), which provides
global security advice to the American Senate, produced a report suggesting that the
‘international community remains ill prepared to collectively coordinate and respond
to disease threats’, including coronaviruses.!> Early in 2019, months before the
COVID outbreak, the AIC published a new report and stressed, again, the same
point:

We assess that the United States and the world will remain vulnerable to the next flu pandemic
or largescale outbreak of a contagious disease that could lead to massive rates of death and dis-
ability, severely affect the world economy, strain international resources, and increase calls on
the United States for support.'¢
Needless to say, these early warnings fell on deaf ears. P-M requires strong interna-
tional cooperation in areas such as the development of surveillance capabilities,
transparent interstate communication, and schemes for mutual access to virus sam-
ples for the development of rapid diagnostic, new drugs and vaccines. Effective P-M
will also require the strengthening of the World Health Organization, or perhaps even
the creation of a ‘pandemic treaty’, as we are going to see in the next section. Effec-
tive P-M will also have to address the threat posed by bioterrorism, though we do not
delve into this topic in this chapter.'’

P-4, on the other hand, are mostly local. States and municipalities have the author-
ity to enforce them within their own borders. P-4 include, for instance, enactment of
emergency laws, construction of field hospitals, introduction of contact tracing tools,

cember 2021; World Health Organization (WHO), Annual review of diseases prioritized under
the research and development blueprint informal consultation. Meeting report (WHO 2018).

13 See e.g., the United Nations 2030 Agenda for Sustainable Development: ‘Strengthen the
capacity of all countries, in particular developing countries, for early warning, risk reduction
and management of national and global health risks’; see United Nations, ‘Transforming our
world: The 2030 Agenda for Sustainable Development’ (2015) 19 <https://bit.ly/3wCSMci>
accessed 28 March 2022. See also Gordon Brown and Daniel Susskind, ‘International cooper-
ation during the COVID-19 Pandemic’ (2020) 36 Oxford Review of Economic Policy 64, 69.

14 Michael Osterholm, ‘Preparing for the next pandemic’ (2005) 84 Foreign Affairs 24.

15  Clapper (n 12).

16  Coats (n 12) 21.

17 Ali Nouri and Christopher F Chyba, ‘Biotechnology and biosecurity’ in Nick Bostrom and
Milan M Cirkovic (eds), Global catastrophic risks (Oxford University Press 2008); Toby Ord,
The precipice. Existential risk and the future of humanity (1st edn, Hachette Books 2020) 203;
Brown and Susskind (n 13) 73.
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quarantine, and social distancing. These measures are supposed to be temporary. The
quest for a vaccine, too, is an adaptation measure because its primary goal consists in
adapting the human immune system to a new environment, and not to prevent the
outbreak of a pandemic in the first place. If the infrastructure and expertise deployed
for the development and distribution of vaccines (including booster vaccines) are
kept for possible use in the future, so as to avoid another pandemic from happening,
then the infrastructure and expertise will be valuable for the purpose of P-M as well.
That adaptation measures may also work positively in terms of mitigation is well
known from the analysis of climate change strategies. For reasons of effectiveness
and minimising costs as well as risks, climate strategies aim at reducing impacts of
climate change by addressing adaptation and mitigation together, either in such a
way that adaptation or mitigation ‘is used as an entry measure providing the other
one as a co-benefit’ (under the so-called complementarity approach) or ‘within an
integrated framework without prioritising among [adaptation and mitigation] and
giving due attention to system integrity and functionality’ (under the so-called syner-
gy approach).!® Similarly, P-4 measures, if appropriately complementary to or syn-
ergistic with the goal of reducing the occurrence of future pandemics, may have an
added benefit in terms of P-M.

In any case, given their positive individual, local, and short-term adaptation ef-
fects, both governments and citizens have a strong incentive to pursue P-4 by over-
coming economic constraints such as, for instance, fiscal policy, or legal-ethical
constraints such as freedom of movement and concerns about violation of privacy, or
to change their lifestyles temporarily by wearing facemasks, engaging in social dis-
tancing, and avoiding handshaking. However, it should be noted that many people in
different parts of the world do not fully support the enforcement of these measures.
But, paradoxically, when it comes to P-M, the same actors perceive the same con-
straints as less malleable, even considering that some studies published prior to the
COVID outbreak had shown that P-M is far less costly than P-A.!° From a cost-
benefit perspective, the sheer costs of P-4, when compared to the costs of P-M, pro-
vide good reasons to favor P-M over P-A. But from an ethical perspective, too, it is
easy to recognise that P-M should take precedence over P-4. Many moral costs — the
loss of life, infringements of liberty, welfare costs to persons of all ages, and so on —

18 Lalisa A Duguma et al., ‘Climate change mitigation and adaptation in the land use sector:
From complementarity to synergy’ (2014) 54 Environmental Management 420-32, 422. Cf.
e.g., Klein et al. (n 5) 747-49; Zia A, ‘Synergies and trade-offs between climate change adap-
tation and mitigation across multiple scales of governance’ in Riyanti Djalante and Bernd
Siebenhiiner (eds), Adaptiveness: Changing Earth system governance (Cambridge University
Press 2021).

19 Nita Madhav et al., ‘Pandemics: Risks, impacts, and mitigation’ in Dean T Jamison et al.
(eds), Disease control priorities: Improving health and reducing poverty (3rd edn, World
Bank Group 2018); Pike et al. (n 7).
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may not be adequately captured by simple cost-benefit analysis, yet they are genuine
and significant costs all the same, and they would be avoided by successful P-M.

Climate goals also require both mitigation and adaptation measures. C-M aim at
keeping the global temperature increase below 1,5°C above pre-industrial levels by
2030 and reaching carbon neutrality by 2050.2° The benefits of C-M (like the benefits
of P-M) are mostly global. They require strong international cooperation. However,
the effects of C-M will only be vividly felt within the next decades. The current gen-
eration, especially individuals who are already in their forties or older, cannot expect
to benefit significantly from C-M. Effective C-M, thus, requires both strong interna-
tional cooperation and strong transgenerational cooperation. C-4, on the other hand,
can be effective at a local level and within a shorter time. C-4 measures aim, for
instance, at reshaping the infrastructure of cities in order to make them more robust
against the consequences of heat waves, extreme weather, and sea-level rise.?! Inter-
ventions in rural areas are also necessary in order to make them less vulnerable, for
example, to bush fires or river floods. C-4 does not necessarily require strong inter-
national cooperation. However, the longer-term effectiveness of C-4 ultimately de-
pends on the success of C-M.??> Adaptation measures alone are likely to be of little
help in coastal areas if, for example, sea levels rise over one meter on average by
2070 or over two meters by the end of the 21%' century.?

Since the inception of the COVID pandemic, several constraints on the feasibility
of P-A have been successfully overcome. Some of these constraints are also con-
straints on the feasibility of C-M. Thus, in the course of 2020 and 2021, some of the
constraints on the feasibility C-M have also been partially (even if only temporarily)
overcome. Indeed, as mentioned earlier, one of the early indirect consequences of the
implementation of P-4 in 2020 was the reduction of greenhouse gas emissions. There
are reasons to believe, then, that some constraints are more malleable in one context
(P-A) and less malleable in other contexts (P-M, C-4, and C-M). But why? It might
be correctly argued that the constraints on the feasibility of P-4 are more malleable
simply because the measures to address an ongoing pandemic are expected to remain
in place for a limited amount of time, unlike the measures that are necessary to ad-
dress the other goals (P-M, C-A4, and C-M).>* As we intend to show, though, this is

20 IPCC, Global warming of 1.5°C. (n 1) 33.

21  Ibid 396.

22 Dale Jamieson, ‘Adaptation, mitigation, and justice’ in Stephen Gardiner et al. (eds), Climate
ethics: Essential readings (Oxford University Press 2010) 266-267.

23 Jonathan L Bamber et al., ‘Ice sheet contributions to future sea-level rise from structured
expert judgment’ (2019) 116 Proceedings of the National Academy of Sciences 11195.

24 See e.g., Gustav Engstrom et al., ‘What policies address both the coronavirus crisis and the
climate crisis?” (2020) 76 Environmental and Resource Economics 789: ‘Crisis management
often requires exceptional policies, and may temporarily alter constraints on decision making.’
(...) ‘Many coronavirus policies have temporary effects on carbon emissions (e.g., reduced
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